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Foreword 


This edition of the Minerals Yearbook discusses the performance of the 
worldwide minerals industry during 1985 and provides background informa- 
tion to assist in interpreting developments during the year being reviewed. 
Content of the individual volumes follows: 

Volume I, Metals and Minerals, contains chapters on virtually all metallic 
and nonmetallic mineral commodities important to the U.S. economy. In 
addition, it includes a statistical summary chapter, a chapter on mining and 
quarrying trends, and a chapter discussing the statistical surveying methods 
used by the Bureau of Mines. 

Volume II, Area Reports: Domestic, contains chapters on the mineral 
industry of each of the 50 States, the U.S. island possessions in the Pacific 
Ocean and the Caribbean Sea, and the Commonwealth of Puerto Rico. This 
volume also has a statistical summary. 

Volume III, Area Reports: International, contains the latest available 
mineral data on more than 150 foreign countries and discusses the importance 
of minerals to the economies of these nations. A separate chapter reviews the 
international minerals industry in general and its relationship to the world 
economy. 

The Bureau of Mines continually strives to improve the value of its 
publications to users. Therefore, constructive comments and suggestions by 
readers of the Yearbook will be welcomed. 


Robert C. Horton, Director 
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Nonfuel Minerals Survey 
Methods 


By Staff, Office of Statistical Standards 


The Bureau of Mines Minerals Informa- 
tion organization collects worldwide data on 
every commercially important 
nonfuel mineral commodity. These data 
form the base for tracking and assessing the 
health of the minerals sector of the U.S. 


economy. 

This data collection activity was institut- 
ed by the 47th in an appropria- 
tions act of August 7, 1882 (22 Stat. 329), to 
place the collection of mineral statistics on 


d 


an annual basis. The most recent authority 
for the Bureau of Mines Minerals Informa- 
tion activity is the National Materials and 
Minerals Policy, Research and Develop- 
ment Act of 1980 (Public Law 96-479, 96th . 
Congress), which strengthens protection for 
proprietary data provided to the U.S. De- 
partment of the Interior by persons or firms 
engaged in any phase of mineral or mineral- 
material production or consumption. 


DATA COLLECTION SURVEYS 


The Bureau of Mines initiates the collec- 
tion of domestic nonfuel minerals statistics 
with an appraisal of the information re- 
quirements of Government and private or- 
ganizations of the United States. Those 
information needs that can be satisfied by 


Once the survey form has been designed, 
a list of producers or consumers is devel- 
5 are utilized to deter- 
mines, plants, and 


See ae ierg 
State totals. Bureau of Mines State 


"m 


Mineral Officers, State geologists, Federal 
organizations (e.g., Mine Safety and Health 
Administration), trade associations, and in- 
dustry publications and directories are 
some of the sources that are explored to 
develop and update survey listings. With 
few exceptions, an attempt is made to can- 
vass the entire population of appropriate 
establishments. The iron and steel scrap 
industry is an example of one of the excep- 
tions where a sampling plan is employed 
rather than a complete canvass of the 
entire industry. 

Prior to mailing, the survey form must be 
approved by the Office of Management and . 
Budget (OMB). Under the Paperwork Re- 
duction Act of 1980, OMB approves the need 
or requirement for collecting the data and 
protects industry from unwarranted Gov- 
ernment paperwork. 

The Bureau publishes a “Survey Forms 
Catalog," which describes the content of 
each survey. Copies of the catalog may be 
obtained by contacting the Office of Statisti- 
cal Standards, U.S. Bureau of Mines, Wash- 
ington, DC 20241. 
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NONFUEL MINERALS SURVEY METHODS 3 


SURVEY PROCESSING 


The 166 surveys yield more than 60,000 
responses from approximately 27,000 estab- 
lishments annually. Each of the completed 
survey forms returned to the Bureau under- 
goes extensive scrutiny to ensure the high- 
est level of accuracy possible in recording 
mineral data. Bureau specialists ensure 
that no error is introduced owing to report- 
ing in units other than those specified on 
the survey form. Relationships between re- 
lated measures such as crude ore produced 
and marketable product are analyzed for 
consistency. Internal numerical relation- 
ships such as column and row totals are 
checked. The data reported in the current 
reporting period are checked against prior 
reports to detect possible errors or omis- 
sions. 

For automated surveys, the specialist re- 
views the form for correctness and com- 
pleteness before the data are entered into 
the computer. The computer is programed 
to conduct a series of automated edit checks 
to ensure mathematical consistency and to 
identify any discrepancies between the data 
reported and logically acceptable responses. 

The Bureau of Mines is modernizing and 
automating all of its survey processing 
methods. Automation of the commodity da- 
ta subsystems supports the processing of 
individual surveys and the preparation of 
statistical tables for publication. A central 
data base includes the minerals data gath- 
ered through surveys as well as pertinent 
data from other sources. The data base 
enables Bureau specialists to retrieve the 
data required for analysis of minerals prob- 
lems and for answering specific user ques- 
tions. 

Survey Responses.—To enable the reader 
to better understand the basis on which the 
statistics were calculated, each commodity 
chapter of the Minerals Yearbook” in- 
cludes a section entitled "Domestic Data 
Coverage.” This section briefly describes the 
data sources, the number of establishments 
surveyed, the response percentage, and the 
method of estimating the production (or 
consumption) that is accounted for by 
nonrespondents. 

Although the response to Bureau surveys 
is generally very good, the Bureau must 
employ an efficient procedure for handling 
instances of nonresponse in order to pro- 
duce reliable aggregated data. Second mail- 
ings of the survey form may be made. 
Followup by telephone is employed exten- 


sively to provide complete data entries on 
the survey forms, to verify questionable 
entries, and also to encourage those not 
reporting to either complete and return 
survey forms or provide the information 
orally. Periodic visits to important minerals 
establishments are also made by Bureau 
commodity specialists or State Mineral Offi- 
cers. These visits are made to gather miss- 
ing data and also to point out the impor- 
tance of the companies’ reporting to the 
production of accurate national as well as 
State and county statistics. By showing the 
use of these statistics and the impact of 
nonresponse, the Bureau hopes to encour- 
age as complete and accurate a canvass as 
possible. 

The OMB “Guidelines for Reducing Re- 
porting Burden" stipulates that the mini- 
mum acceptable response rate shall be 75% 
of the panel surveyed. In addition, the 
Bureau strives for a minimum reporting 
level of 75% of the quantity produced or 
consumed (depending on the survey) for 
certain key statistics. Response rates are 
periodically reviewed, and for those surveys 
not meeting the minimum reporting level, 
plans are developed and implemented to 
improve response rates. 

Estimation for Nonresponse.—When ef- 
forts to obtain response to a Bureau survey 
fail, it is necessary to employ estimation or 
imputation techniques to account for the 
missing data. These techniques are most 
effective when the response rate is relative- 
ly high. The Bureau is continually striving 
to develop and make use of the most effec- 
tive techniques. Some of the imputation 
methods depend only on knowledge of the 
prior reporting of the establishment, while 
others rely on external information to esti- 
mate the missing data. Survey forms receiv- 
ed after publication cutoff dates are edited, 
and necessary imputations are made for 
missing data. The data base is updated, and 
these revisions will be reflected in subse- 
quent publications. 

Protection of Proprietary Data.—The 
Bureau of Mines relies on the cooperation of 
the U.S. minerals industry to provide the 
minerals data that are presented in this and 
other Bureau publications. Without sub- 
Stantial response to survey requests, the 
Bureau would not be able to present reli- 
able statistics. The Bureau in turn respects 
the proprietary nature of the data received 
from the individual companies and estab- 
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lishments. To ensure that proprietary 
rights will not be violated, the Bureau 
analyzes each of the aggregated statistics to 
ascertain if the statistics of an individual 
company or establishment can be deduced 
from the aggregated statistics. For example, 
if there are only two significant producers 
of a commodity in a given State, the Bureau 
will not publish the total for the State since 


either large producer could readily estimate 
the production of the other. It is this obliga- 
tion to protect proprietary information that 
results in the “Withheld” or “W” entries in 
“Minerals Yearbook" tables. When the com- 
pany gives permission in writing, the Bu- 
reau may release data otherwise withheld 
because of proprietary considerations. 


FOREIGN DATA 


Volume I of the “Minerals Yearbook” 
contains a “World Review” section in each 
commodity chapter that usually includes a 
world production table. These tables are 
prepared in the Bureau’s Division of Inter- 
national Minerals. These data are gathered 
from various sources including published 
reports of foreign government mineral and 


statistical agencies, the U.S. Department of 
State, or international organizations such 
as the United Nations and the Organization 
of Petroleum Exporting Countries. Missing 
data are estimated by the country specialist 
based upon information gatherod from a 
variety of sources. 


PUBLICATIONS AND DATA SERVICES 


In addition to the three volumes of the 
“Minerals Yearbook,” the statistical data 
collected are published in other reports, the 
principal series being the ‘‘Mineral Indus- 
try Surveys.” Mineral Industry Surveys are 
concise monthly, quarterly, or annual re- 
ports that contain timely statistical and 
economic data on nonfuel mineral commod- 
ities. The surveys are designed to keep 
Government agencies, the minerals indus- 
tries, and the business community regularly 
informed of trends in production, distribu- 
tion, inventories, and consumption of non- 
fuel minerals. 

One of the earliest publications contain- 
ing information on mineral production, re- 
sources, reserves, imports, exports, uses, 
recycling, substitution, environmental con- 
siderations, and related subjects is “Mineral 
Commodity Summaries.” Published in Jan- 
uary, it covers approximately 90 mineral 
commodities for the previous calendar year. 

“Mineral Facts and Problems" is a one- 
volume reference book containing world- 
wide production information and demand 
forecasts for all nonfuel minerals. It is 
published every 5 years. In the 1985 edition, 
each commodity chapter covers the struc- 
ture of the industry, uses of the commodity, 
reserves and resources, technology, supply- 
demand relationships, byproducts and co- 
products, strategic considerations, economic 
and operating factors, and forecasts to 1990 
and 2000. Each chapter also compares U.S. 
and world reserves with cumulative de- 
mand to appraise the adequacy of world 


mineral supplies. 

The "Mineral Perspectives" series reports 
on the mineral resources, industries, and 
related infrastructure of those foreign coun- 
tries or regions of the world that assume 
major importance to our Nation's mineral 
needs. 

"Minerals and Materials/A Bimonthly 
Survey" provides timely information on 
selected commodities. Data and analyses 
are presented that are germane to policy 
issues of current interest. Brief narratives 
are supplemented by statistical graphs and 
tables. Data are provided for the current 
month and the previous 22 months, and 
estimates are made for the upcoming 
month. 

The “Minerals Yearbook" and “Mineral 
Facts and Problems" are available from the 
Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington, DC 
20402. For additional information on the 
other Bureau publications, contact the Divi- 
sion of Publication, U.S. Bureau of Mines, 
4900 LaSalle Road, Avondale, MD 20782. 

Two types of machine readable (computer 
compatible) data are provided. A 10-year 
time series of domestic supply-demand rela- 
tionships data on each commodity is avail- 
able on 5-1/4-inch floppy disks from the 
National Technical Information Service 
(NTIS), 5285 Port Royal Road, Springfield, 
VA 22161. These disks are compatible with 
many types of microcomputers and popular 
microcomputer application software pack- 
ages. These data have been published every 
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5 years in "Mineral Facts and Problems" 
and are being updated annually in “Miner- 
al Industry Surveys” and on the floppy 
disks. Copies of Bureau survey mailing lists 
are also available on magnetic tape or in 
printed form. These lists include the compa- 
ny and plant names, Standard Industrial 


Classification (SIC) codes, and the addresses 
to which the survey forms are mailed. 
Information on purchasing copies of mail- 
ing lists can be obtained from the Office of 
Statistical Standards, U.S. Bureau of Mines, 
2401 E Street, NW., Washington, DC 20241. 
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Mining and Quarrying Trends 
in the Metals and Industrial 
Minerals Industries 


By Thomas W. Martin, Daniel L. Edelstein, and Garrett H. Hyde 


MINING AND QUARRYING TRENDS: 


chapter includes tables from 1984 
t were not available in time for publica- 
of the 1984 Minerals Yearbook, but 
not include corresponding tables for 
1985. The value of raw nonfuel minerals 
produced in the United States during 1985 
was estimated at $23.2 billion, an increase 
of $0.07 billion over the value for 1984. This 
vie the third consecutive year that the value 
has increased, and except for a decrease in 
1982, the value for each year has increased 
since 1971, or 18 out of 14 years. However, 
while the value of industrial minerals pro- 
duction continued to grow, reflecting the 
growth of the domestic economy, the value 
of metal mine production decreased in 1985 
by 6%. This drop was more than offset by a 
3% increase in the value of industrial min- 
erals production because the value of indus- 
tria] minerals produced was more than 
three times larger than the value of metals. 
The decrease makes 1985 the third year in 
the past 5 years in which a drop in the value 
of metal mining production occurred in the 
United States where production continued 
to lag behind growing world production. 
Domestic production of such major commod- 
ities as aluminum, copper, iron ore, phos- 
phate rock, and zinc continued to decline 
owing to a number of international and 
domestic factors. Gold continued to be the 
most active commodity in the domestic 
metal mining industry. Despite lower 
prices, gold output increased to 2.5 million 
troy ounces, a 19% increase over that of 
1984. The estimated annual production ca- 
pacity of new gold mines beginning produc- 


tion exceeded 1 million ounces. 
Overproduction by nations that rely on 
export of mineral commodities to support 
their economies and service their interna- 
tional debt; the strong value of the dollar 
relative to that of other currencies, which 
favors imported products; relatively high 
domestic labor costs compared with those of 
developing nations; and the use of industri- 
al minerals such as carbon fibers, glass 
fibers, and plastics in products historically 
constructed from metals have all contrib- 
uted to create chronically depressed world 
metal prices and markets in which the U.S. 
producer finds it increasingly difficult to 
compete. As a result, the U.S. mining indus- 
try continues to operate in a transitional 
state with many companies forced to re- 
trench by closing or selling properties and 
assets, reducing employment, and renego- 
tiating labor contracts. The mines that 
continue to operate have developed improv- 
ed mining methods and operating tech- 
niques, and many have embarked on mod- 
ernization programs in order to survive. 
Virtually every mining operation in the 
United States today has undergone substan- 
tial change over the past 5 years, and the 
mining industry is working harder and 
more effectively as indicated by the continu- 
ing gain in productivity. This demand for 
cost and productivity improvement is, in 
turn, fueling the development of new tech- 
nology. The result has been numerous small 
improvements as well as some potentially 
major new developmenta. 
Legislation and Government  Pro- 
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grams.—Two laws were passed in 1985 pro- 
viding for the minting of gold or silver 
coins. In July, the Statue of Liberty-Ellis 
Island Commemorative Coin Act was signed 
by the President. This bill provides for the 
minting of silver and gold coins in commem- 
oration of the centennial of the Statue of 
Liberty. The other law, the Gold Bullion 
Coin Act of 1985, provides for the minting of 
gold coins to compete with the South Afri- 
can krugerrand and specifies the use of 
newly mined gold from natural deposits in 
the United States. 

Legislation was introduced in Congress 
designating lands in seven areas for inclu- 
sion in the National Wilderness Preserva- 
tion System. Only one bill, covering 13,300 
acres in Kentucky, was signed into law. The 
other bills, specifying a total of 2,873,724 
acres throughout Colorado, Utah, Ne- 
braska, Michigan, Nevada, and the Great 
Smokey Mountains in North Carolina and 
Tennessee, were in various stages of the 
legislative process. 

A number of bills of concern to the 
mining and minerals industry were intro- 
duced, including several pertaining to the 
National Defense Stockpile activities, They 
include removing the President’s authority 
to establish goals and place administration 
responsibility with the U.S. Department of 
Defense, adding coke to the stockpile, estab- 
lishing an agriculture barter program to 
acquire materials, and disposing of 10 mil- 
lion troy ounces of silver from the stockpile. 
All of the bills have been referred to the 
appropriate committees. The only change in 
the law occurred when amendments to 
prohibit the President from reducing stock- 
pile goals below the goals in effect on 
October 1, 1984, at any time prior to Octo- 
ber 1, 1986, were approved as part of the 
Defense Authorization bill in the House and 
the Supplemental Appropriations bill in the 
Senate for fiscal year 1985. 

Six major pieces of legislation concerned 
with problems of the U.S. steel industry 
were considered during 1985. They included 
a bill to form a Government corporation to 
revitalize the industry, a bill to ban the 
importation of consultation steel products 
from the European Economic Community 


until new arrangements are negotiated, a 


bill to amend the Steel Import Stabilization 
Act, a bill to remedy violations of bilateral 
steel products trade agreements with the 
European Communities, and companion 
bills in the House and Senate to establish a 
breakpoint tariff system on imports of cer- 
. tain ferroalloys. Under an amendment to 
the National Bureau of Standards Authori- 


zation Act, which was approved by the 
President, $2.5 million was set aside for a 
Government and/or industry research proj- 
ect to develop new steelmaking technolo- 
gies. 

A section entitled "Negotiations and Ac- 
tion Regarding Agreements to Restrain 
Copper Production Voluntarily” was at- 
tached to a spending bill, House joint reso- 
lution 465, signed by the President. This 
provision, although not binding by the law, 
is meant to express the intent of Congress 
and directs the President through the U.S. 
Trade Representative to negotiate produc- 
tion restraints with major copper exporting 
countries. The President earlier vetoed the 
same copper provision when it was attached 
to a textile import restraint bill. 

A wide variety of trade bills was intro- 
duced. Toward the end of the session, a 
bipartisan group of 33 Senators introduced 
Senate bill 1860, the Trade Enhancement 
Act of 1985, to amend the Trade Act of 1974 
to eliminate barriers and distortions to 
trade, to provide authority for a new round 
of trade negotiations, and to promote U.S. 
exports. This bipartisan, comprehensive 
measure indicates that Congress may be 
moving away from the protection of specific 
industries in favor of broader changes in 
US. trade po 

Two bills, both entitled “Federal Tech- 
nology Transfer Act of 1985,” were intro- 
duced concurrently in the House and Sen- 
ate. Both bills establish a Federal Laborato- 
ry Consortium (FLC) to assist in the trans- 


fer of technology from labs to private busi- 


nesses. In the House version, the FLC would 
be established within the National Science 
Foundation, and in the Senate version, it 
would be established within the National 
Bureau of Standards. The House bill also 
contains provisions concerning Government 
Sharing of patent-license royalties with the 
inventors and standards that would ef- 
fectiyely guide Federal employees to avoid 
conflicts of interest. 

In November, members of the National 
Critical Minerals Council were sworn in. 
Priorities of the group, as mandated by 
Congress, include the first long-range as- 
sessment of national material needs and 
establishment of an advanced research and 
development plan. The Council must also 
advise the President on trends in minerals 
and materials matters that affect national 
and economic security. The group can rec- 


‘ommend methods to increase exploration 


and development methods for critical min- 
erals within the United States and the 
boundaries of the Exclusive Economic Zone. 
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The first public hearing of the Council was 
held in January 1986. 

The long dormant issue of regulation of 
mining and minerals proceesing waste un- 
der the Resources Conservation and Recov- 
ery Act (RCRA) of 1976 became active as a 
result of legal action by a group of citizens 
against the Environmental Protection 
Agency (EPA). In response, EPA proceeded 
with regulation of copper dump leach solu- 
tions and mining waste and tailings from 
gold, lead, silver, and zinc mining. The 
agency also initiated the first phase of 
rulemaking for other mining wastes and 
submitted its “Report to Congress. Wastes 
From Extraction and Beneficiation of Me- 
tallic Ores, Phosphate Rock, Asbestos, Over- 
burden From Uranium Mining and Oil 
Shale."* Following review, this report is to 
be the basis upon which EPA plans to make 
decisions regarding the regulation of min- 
ing waste under RCRA. 

A proposed transfer of responsibility from 
the Bureau of Land Management (BLM) to 
the U.S. Forest Service for the underground 
minerals in 205 million acres of national 
forests was agreed upon by the two agen- 
cies. The Forest Service currently makes 
recommendations on the mineral lands and 
the BLM issues the leases. The two agencies 
have shared in the supervision of oper- 
ations. The transfer would result in consoli- 
dating responsibilities for minerals and ef- 
fect an estimated annual savings of between 
$27 million and $32 million. 

Before adjournment, the House of Repre- 
sentatives passed major tax reform legisla- 
tion. The bill changes provisions in the 
current tax law dealing with corporate tax 
rates, investment tax credit, capital gains 
treatment of minerals and timber produc- 
ers, percentage depletion allowances, and 
the existing 25% credit for increases in 
research and development. 

Exploration. —Mineral exploration activ- 
ity in the United States continued to decline 
in 1985. Starting in 1981, the BLM has 
collected data on claims and annual filings 
of assessment work on Federal lands. A 
summation of these filings provides an esti- 
mate of the prospects the industry is cur- 
rently exploring or examining. The BLM 
data show that from 1983 to 1985 new 
claims in the Western States have declined 
by 38% and assessment filings have declin- 
ed by 22%, resulting in a total decrease of 
24%. These figures confirm the drop in 
exploration activities. Again, low metal 
prices created by worldwide excess produc- 


tion were the cause of reduced metal explo- 


ration expenditures. This led to the consoli- 
dation of exploration operations and to staff 
reductions by several major companies. 
Gold and precious metals continued to be 
the major commodities sought domestically, 
with up to 90% of the exploration and 
development activities estimated to be for 
these metals in 1985. 

New exploration methods and techniques 
continue to be developed despite the reduc- 
ed exploration activity, as companies in- 
crease their efforts to identify suitable tar- 
gets and develop them at a lower cost. For 
many years, satellite data have identified 
potential mineralized areas, but the use of 
satellites will probably increase in the fu- 
ture. New satellites will give resolutions 
down to 10 meters and generate far more 
information than earlier systems. These 
satellite pictures, combined with computer 
analysis, can save exploration companies 
vast sums of money. If prospecting for a 
minera] in a remote area, the first step is to 
purchase Landsat satellite data tapes of the 
area. The data can be fed into a computer 
together with comparative data for a known 
area of the mineral deposits.* The computer 
builds up a spectral picture (pattern vector 
of different infrared and ultraviolet wave- 
lengths) for the mineral. Then working with 
a deduction process like natural selection, 
the program locates areas where there is 
more than an 85% likelihood of success. The 
program can find logical rules and assump- 
tions that might never occur to the human 
prospector. Recently, a major mining com- 
pany completed a survey of the spine of the 
Andes, covering 5,000 kilometers from 
southern Chile to Peru. After Landsat im- 
ages identified promising areas, then geolo- 
gists went in by helicopter to collect sam- 
ples. This technique proved highly effective 
and is reported to have identified promising 
precious metals deposits. 

The use of computers is spreading to all 
phases of exploration as hardware becomes 
more powerful, more portable, and less 
costly. During analysis and interpretation, 
the computer does much of the time- 
consuming, costly work such as drawing 
maps, computing statistics, and searching 
for anomalies. As an example, a gyrosystem 
linked to a computer for the accurate sur- 
veying of boreholes has been successfully 
used at a number of minesites in the Repub- 
lic of South Africa.* The new system, made 
by Boart Drilling, accurately measures 
borehole inclinations and determines the 
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precise locations of intersection points in 
the boreholes. Based on eight boreholes 
surveyed for clients, the company has found 
the system to be a vast improvement over 
conventional borehole surveying tech- 
niques, which use magnetic compass- 
inclinometers and miniature photographic 


rounding rocks, drill rods, or the electrical 
components of the instrument. Two accel- 
erometers measure the inclination of the 
probe in the borehole. The system is lower- 
ed down the hole on a seven-core electric 
cable. All data are relayed through this 
cable to a Hewlett-Packard minicomputer 
housed in a logging truck on the surface. 
The use of the computer has significantly 
improved sampling intervals and has re- 
sulted in virtually instantaneous data proc- 
essing. The computer is capable of plotting 
the shape of the borehole viewed in any di- 
rection, such as a plan view from above or a 
horizontal view. Typically, the gyroscope 
data are logged every 10 meters, compared 
with every 54 meters with conventional 
surveying systems. Even with this increase 
in logging data, the new system can obtain a 
complete printout of all survey details in 
about 60% of the time required to log a 
borehole using magnetic photographic 
methods. 

Development.—The strategy of i 
development during periods of low prices 
and expanding development during profit- 

historically been a stand- 


years, rather than relying on this strategy, 
companies have been forced to develop inno- 
vative techniques to reduce mine develop- 
ment costs. An excellent example is the 
change from the use of conventional drill 


month. With the poor economic climate, a 
method of development was needed that 
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was less labor intensive but could still 


ods, roadheaders were selected because they 
can achieve rapid advance rates, and an 
advantage was also foreseen in reducing the 
number of working areas and eliminating 
congestion and conflict with mine produc- 
tion. After driving more than 3,500 feet of 
preextraction development headings on 
haulage and grizzly levels for ongoing sup- 
port of block caving at the mine, roadhead- 
ers have cut drifting costs by 30% and 
increased the rate of advance by 37% 
when compared to conventional drill and 
blast methods. Such results were achieved 
in formations ranging from 19,000 to 
80,000 pounds per square inch compressive 
strength, rock that is more or less typical of 
a low-grade porphyry copper. By midyear 
1985, the San Manuel Mine had four road- 
headers in operation. One roadheader is 
equipped with high-pressure, water-assisted 
cutting heads, utilizing water pressures of 
9,000 pounds per square inch to assist 
machine performance. Although still exper- 
imental, high-pressure, water-assisted cut- 
ting should allow the roadheaders to suc- 
cessfully cut the hardest rock, to reduce 
destructive vibration in the machine, and to 
dramatically reduce dust. 

Hydraulics has permitted automation of 
the drilling process on a much greater scale 
than with pneumatic drills, but the opera- 
tor still plays a crucial part in drilling 
productivity. Differences in the handling of 
booms and drills have been found to cause 
variations in productivity levels by up to 
80%. The operator also controls the accura- 
cy of the profile and pull of the round. The 
spacing between holes, their pattern, and 
alignment are critical as any underbreak or 
overbreak results in an increase in costs. 
Computer technology to fully automate the 
drilling jumbo is now available, and several 
companies have entered the market. 

Tamrock of Finland produced a com- 
puter-controlled jumbo, Datamatic, on 
which booms move in accordance with a 
drilling pattern preprogrammed into its 
memory.“ The location, length, and direc- 
tion of each hole are predetermined, and 
the jumbo automatically executes each hole 
in succession. A constant laser beam pro- 
vides the reference from which all coordi- 
nates are calculated. This reference beam 
enables the computer to work out the drill's 
position and calculate the required boom 
joint angles for each successive hole. There- 
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fore, hole alignment is very fast, because it 
does not depend upon the position or direc- 
tion of the rig itself. Besides drilling ac- 
cording to the preprogrammed pattern, the 
Datamatic can also be operated with coordi- 
nated or direct control. With coordinated 
control, the driller positions the booms in 
the desired direction while the computer 
calculates the boom joint positions. If, as 
occasionally will happen, it is impossible to 
collar the hole in the predetermined posi- 
tion because, for example, it coincides with 


cally compensate for drill direction 8o that 


alignments, 1 rates, and giereg 


productivity. 

Montabert, a French manufacturer, de- 
veloped a fully computerized jumbo, Robo- 
fore, that automatically controls the vari- 


ing to about 20°; hole collaring positioning 
to about 2.5 inches; a traveling speed from 
hole to hole of about 10 seconds, compared 
with 24 seconds during manual operation; 
smoother boom movements because speed is 
progressive; and improved drilling efficien- 
cy. The basic boom movements are recorded 
by means of sensors. These sensors direct 
the gathered data to a computer that con- 
trols the boom cylinders. Using the same 
microprocessors, other functions are also 
computerized, such as boom auxiliary move- 
ments (extension and feed anchoring), auto- 
mated control of the drilling phase (feed 
advance and retraction), drifter regulation, 
control of safety parameters (oil level and 
temperature, etc.), as well as other safety 
devices to avoid boom interference. After 
having positioned the rig and the booms, 
the operator selects the required drilling 
pattern, which is fed into the computer. 
There is no other human intervention dur- 
ing the drilling cycle. The operator, how- 


ever, can manually take over the entire 
drilling cycle or continue to drill on a 
semiautomatic basis. In the latter case, the 
boom is maneuvered and positioned auto- 
matically, but hole collaring is controlled by 
the operator. When drilling conditions re- 
quire a change, new programming must be 
introduced into the computer. 

The Tround Blast Hole Drilling System, a 
new hard-rock drill that can perform at 
rates ranging from two to four times faster 
than a conventional drill, was tested with 
the cooperation of a major oil company at a 
gas well in Arkansas in formations consist- 
ing of hard sandstone and shale.* The test 
results were viewed as positive. Based on a 
technology known as the Open Chamber 
System, the drill involves multiple projec- 
tile cartridges fed into and ejected from a 
novel arrangement of firing chambers. This 
arrangement, along with the complete elim- 


ination of the reciprocating breech element 


of conventional guns, makes possible 
extremely high rates of fire, if required. The 
drill utilizes multiple projectiles, which 
when fired in salvo, do not impact simulta- 
neously, but produce delays measured in 
millionths of a second owing to slight varia- 
tions of projectile weight and gas dynamics. 
Against rock, this rapid secession of impact 
generates shattering shock waves ahead of 
conventional drill bits. 

Underground Mining.—Faced with a 
chronically depressed domestic mining 
economy, surviving operations have been 
forced to curtail their work force and im- 
prove productivity. In nearly all operations, 
this has involved major changes and the 
development of new methods and tech- 
niques. Inco Ltd. of Canada, a company that 


operated at a loss for the 3 years prior to 


1984, is a typical example of the changing 
mode of operations that characterize today’s 
mine management.* In a priority program 
to reduce costs, the company established a 
formal mine research department with a 
broad mandate to develop easier, safer, and 
more productive mining systems. The ini- 
tial focus of this program was directed 
toward ground control, stoping methods, 
and equipment development. Basic ground 
control research and the application of rock 
mechanics to bulk stoping systems were 
determined by Inco to be essential tools in 
the development of efficient mining meth- 
ods at greater depths. As a result, numeri- 
cal modeling techniques are being used to 
design the mining geometry, sequence, and 
destressing program required to produce 
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optimum ground conditions. Microseismic 
source location systems are also being eval- 
uated for their potential in forecasting im- 
pending problems. A spray-on, fiberglass- 
reinforced epoxy resin is being developed 
with the expectation that it will reduce or 
eliminate rockbolt support. The epoxy 
would provide support similar to shotcrete 
at 10% of the shotcrete volume and 25% of 
the time required for rockbolt installation. 
There would also be a reduction of the 
material handling problems associated with 
shotcrete. 

A major problem faced by Inco was the 
high cost of underground stoping methods. 
Historically, near surface, larger ore bodies 
have been mined with bulk methods such as 
blasthole and caving, while smaller, irregu- 
lar ore bodies and ores at depth or in pillars 
have been recovered by selective methods 
such as cut-and-fill or undercut-and-fill. 
However, as larger ore bodies have been 
depleted and as mining has progressed to 
deeper levels, reliance on the small blast, 
high-cost mining methods increased. By 
1981, only one-third of Inco's production 
was recovered by bulk methods, and despite 
the use of mechanized equipment, the pro- 
ductivity of the mines was decreasing at 
that time. 

To reverse this trend, the vertical crater 
retreat (VCR) method was instituted. This 
combines the productivity advantages of 
bulk mining with the ground control advan- 
tages of selective fill methods. At Inco, the 
ore zone is divided into a series of panels 
that are silled at the top for down drilling 
and developed at the bottom for ore remov- 
al. A panel is drilled from top to bottom, 
and explosive charges are placed near the 
bottom of the holes. Each charge is fired 
separately. À horizontal slice 10 to 12 feet 
thick is removed with each shot. Only the 
swell is removed after the blast. Final 
cleanup of the panel is done by remote 
(radio) controlled loaders. The panel is then 
filled with consolidated backfill, and the 
excavation of adjacent panels proceeds in a 
sequential manner. The company reports 
that VCR mining has increased bulk-mined 
ore from 32% to 70% of the total tonnage. 

Another part of the Inco program is to 
build prototype equipment that can be ap- 
plied to a particular mining concept or need 
rather than adapting the mining to suit 
available equipment. Under this program, 
Inco has built a prototype in-hole drill that 
features (1) low mast height to reduce the 
size of openings required for machine oper- 


ation, (2) hydraulic control of the drill 
String for greater accuracy, (3) positive 
breakout of the rods to eliminate the use of 
wrenches, (4) power to drill 9-inch-diameter 
holes up to 400 feet long, (5) motorized 
wheels for maneuverability, and (6) break- 
down features so that the rig can pass a 24- 
by 24-inch opening. The company is now 
incorporating mechanized rod handling and 
microprocessor monitoring and control to 
provide full automation of the drill. When 
completed, one employee will be able to 
monitor two or more drills. A prototype 
continuous loader capable of producing five 
times the output of conventional load-haul- 
dump units has also been constructed. The 
unit has an oscillating lip that changes the 
angle of repose of the muckpile, thus pro- 
viding a continuous flow of muck to a short 
chain conveyor. The application of micro- 
processor monitoring, sensing, and control 
is now being developed for this loader. 

Concurrently with its research program, 
the compeny reopened an idle mine at the 
start of 1983 and designated part of the 
mine as a working model for higher produc- 
tivity development. Named the Research 
Mine, it has been used to test such ideas 
as concentration of production faces, a 
multidisciplined work force, and financial 
incentives to improve productivity. To con- 
centrate production in as few workplaces, 
levels, and stoping methods as possible, and 
to maximize the output from each place, the 
model at the Research Mine has been de- 
signed so that all production comes from 
three active stopes on one level, using a 
VCR method that leaves no pillars. Inco 
plans to mine a typical block within 3 years, 
compared with the 15 years historically 
required. Using this method, productivity 
improved and only 38 operating employees 
were required per shift. This created anoth- 
er problem; under the existing job classifica- 
tion system, the 33 employees required the 
skills of 26 job classifications. To address 
the problem, 6 new job classifications were 
created that included the skills of the 26 
former classifications. According to the 
company, the reclassification has increased 
flexibility in movement of people from one 
job to another, and it has provided job 
enrichment and higher pay for employees 
while simplifying administration. Under- 
ground computer terminals are used for 
transmission of timekeeping, personnel rec- 
ords, production data, and supply ordering. 
The normal time for paperwork has been 
reduced by 80%. 
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The concept of incentive earnings, which 
historically has been provided only for peo- 
ple in production or development where 
output can be measured (tons per worker 
shift or feet advance), was also examined. 
The present system leaves about 60% of the 
employees in a supporting role with little 
sense of motivation or participation. A 
unique incentive system was devised to pay 
support crews as a function of the output of 
production crews. The system has improved 
the level of service for production crews and 
encourages cooperation among all work 
groups. The system also provides a financial 
benefit to support crews when their work- 
ing number is reduced. According to the 
company, the changes generated from these 
operations at the Research Mine has made 
a significant impact on the productivity of 
the company’s other mines. Inco’s innova- 
tive approach and research effort must be 
considered successful in that the company 
was operating at a profit by the end of 1984 
and throughout 1985. 

Another example of the innovative na- 
ture of mining today is a new mining 
method for use in highly stressed ground 
subject to rock bursting. Under a three-way 
memorandum of agreement between the 
Hecla Mining Co., the University of Idaho, 
and the Bureau of Mines, an extensive rock 
mechanics investigation is being conducted 
at an experimental stope in Hecla’s Lucky 
Friday Mine at Mullan, ID. Termed the 
Lucky Friday Underhand Longwall (LFUL), 
this experimental stope is a radical depar- 
ture from traditional overhand cut-and-fill 
mining. Development in the 500-foot-long, 
mechanized underhand cut-and-fill stope is 
through a modified spiral-ramp system, lo- 
cated in the footwall. The ramp is being 
supported with innovative ground-control 
Systems such as cable bolts and steel-fiber- 
reinforced shotcrete. Ore from the stope is 
trammed in 2-yard, front-end loaders down 
the ramp system to a 65-foot-diameter ore 
pass. The reinforced shotcrete is also used 
in the ore pass for both primary support 
and as a liner system. À rock mechanics 
investigation includes the development of in 
situ stress data using overcoring and meas- 
urement of rock response during mining 
using multipoint extensometers in the foot 
and hanging wall, surface closure points in 
the access ramp, and load cells placed with- 
in the high-density sandfill. Geological site 
characterization studies include fracture 
mapping and coring for physical property 
testing. A two-dimensional, finite-element 


model of the test area has been constructed 
and is being calibrated with mine measure- 
ments for use as a predictive mine design 
tool. If the test stope proves successful, the 
mining method will be used throughout the 
mine. 

A new mining prop has been developed to 
withstand high loads and to yield gently as 
closure occurs in the highly stressed open- 
ings of deep South African gold mines. The 
Bestoprop, a patented design, uses a special- 
ly shaped timber inside a convoluted thin- 
wall steel casing. The timber has longitudi- 
nal radial grooves cut into the sides, deep at 
one end and tapering to a shallow point at a 
predetermined position along the length. 
The wood fiber fills the space as the prop 
compresses. Small convolutions at the ends 
of the steel casing allow it to concertina as 
closure takes place. By using different tim- 
bers and by varying the lengths and widths 
of the grooves, different load bearing and 
yield capacity prope can be constructed. It is 
therefore possible to design props for the 
loading conditions of individual mines. 

The Bureau of Mines, in cooperation with 
mines in the Coeur d’Alene Mining District, 
has investigated the use of lightweight con- 
crete to form continuous tunnel liners in 
deep mines in which ground support is 
difficult owing to high rock pressures. The 
lightweight concrete is made by mixing a 
special prefoamed agent directly into the 
concrete mix, thereby reducing the density 
of the concrete. Typical densities for light- 
weight concrete range from 25 to 100 
pounds per cubic foot. Depending on the 
design application, a lightweight concrete 
can be developed with adequate strength 
and with energy absorbing characteristics 
that are essential in soft, caving, squeezing, 
and bursting ground conditions. Several 
successful field trials of the lightweight 
concrete liner have been made at cooper- 
ator mines. The first test section has been in 
place for 3 years, and there has been no 
evidence of structural distress since place- 
ment. 

One test placement used an innovative 
airbag formwork that can greatly reduce 
forming costs in underground mines. The 
formwork is shaped with dumbbell ends 
that function as self-sealing bulkheads. Al- 
so, a section of a spiral access ramp was 
lined with shotcrete containing steel fibers 
and silica fume. This became the primary 
ground support, replacing rock bolts and 
mesh. The test was a significant develop- 
ment because the rising cost of rock bolts 
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has now made mine operators look for 
alternative, less costly ground control tech- 
nologies. The same material was used to 
line an adjoining 200-foot-long raise-bored 
ore pass. Silica fume is a cement additive 
obtained from the manufacture of silicon 
metal. It appears to significantly increase 
the strength of shotcrete and allows the 
shotcrete to be built up several inches in 
thickness in a single application with re- 
duced rebound. 

The first practical electric truck system 
for underground mines has been developed 
in Sweden. Powered through an overhead 
trolley line system, the truck has now 
completed more than 2,500 miles of under- 
ground operation in the Kiruna Mine. Each 
motor of the four-wheel-drive truck powers 
a pair of wheels. The motors have a continu- 
ous rating of 308 horsepower each, but for 
noncontinuous use, which is typical of min- 
ing operations, considerably higher levels 
can be generated, providing more power for 
high-speed haulage up steep ramps. The 
new truck has none of the ventilation prob- 
lems, fumes, and heat associated with diesel 
trucks. It has a load capacity of 55 tons and 
easily achieves speeds of up to 16 miles per 
hour on 12% inclines. On level ground, it 
runs at up to 32 miles per hour and acceler- 
ates from zero to 25 miles per hour in 4 
seconds unloaded or in 8 seconds loaded. 
Mechanical switches or turnouts are not 
used on the trolley line. At junctions or 
crossover points, the pickup arm is lowered 
and the truck proceeds under battery power 
for several feet until it is in the branch 
under the trolley line where the pickup arm 
is again raised. The truck also operates 
under battery power when it meets another 
truck on the line and at the ends of the line 
when the truck proceeds to the loading or 
dumping point. To engage the trolley line, 
the operator steers the truck under the 
approximate center of the line, presses a 
button, and the computer takes over. With 
the aid of sensors on the pickup arm, the 
contacts are precisely located and the sys- 
tem locked into position. More than 30,000 
automatic connections and disconnections 
made during the mine trials have shown 
that truck speed during connection can be 
up to 9 miles per hour, and disconnection is 
possible at any speed. The trolley arm 
allows the truck to deviate more than 6 feet 
from the center line. 

Operating costs of the electric truck are 
reported to be only 50% to 60% of similar 
size diese] trucks. In addition, maintenance 


costs are lower owing to the all-electric 
traction system and lower tire costs. Micro- 
processor-controlled speed regulation elimi- 
nates wheel spin and no tire wear has been 
noted on the prototype truck. The micro- 
processor also regulates and controls all 
vital electrical functions. The first series of 
electric trucks is expected to be on the 
market in 1986. 

Four spray coolers were designed and 
built as part of a Bureau of Mines program 
to investigate direct-contact (warm air to 
cool water) spray cooling systems.’ A 
single-stage cooling unit was tested in a 
New Mexico uranium mine, and a two-stage 
cooler and a three-stage cooler were tested 
in a South Dakota gold mine. During these 
in-mine tests, the two-stage cooler reduced 
16,387 cubic feet per minute of 76.8° F wet 
bulb air to 69.3° F wet bulb using 55 gallons 
per minute of 50° F water. This represents a 
cooling power of 39 refrigeration tons. A 
three-stage unit cooled 26,200 cubic feet per 
minute of 80.1° F wet bulb air to 73.5° F wet 
bulb using 50 gallons per minute of 48.7° F 
water, demonstrating a cooling power of 59 
refrigeration tons. The spray chamber cool- 
ing performance is considered excellent. In- 
service maintenance requirements have 
been minimal thus far. The units continue 
to undergo long-term evaluation. 

Surface Mining.—Several surface mines 
were shut down in 1985 and others curtailed 
production. As in underground mining, the 
companies were forced to innovate and 
reduce costs to remain in operation. A good 
example is the $400 million, 3-year modern- 
ization plan announced for the Bingham 
Canyon copper mine, which suspended oper- 
ations in March 1985. The company plans 
to install a large portable, in-pit crusher 
that will feed a 5-mile belt conveyor system 
from the mine to a new grinding facility. 
The belt system will convey the ore from 
the lower levels of the pit through an 
existing railroad tunnel to the grinding 
plant. The new plant will house three grind- 
ing lines, each consisting of a grinding mill 
and two ball mills. Ore slurry will be 
transported from the flotation portions of 
the two existing concentrators through two 
13-mile-long slurry pipelines. Existing facil- 
ities that will be eliminated by the project 
include the rail ore haulage system between 
the mine and concentrators, the Bonneville 
concentrator, and the crushing and grind- 
ing units at both the Magna and Arthur 
concentrators. The modernization is plan- 
ned for completion in late 1988. Production 


MINING AND QUARRYING TRENDS 


capacity will be reduced 25% compared 
with production before closure, but the 
amount of refined copper produced will 
drop only 10%. This is due to improved 
processing efficiency. Optimally, the new 
installation could bring about a reduction in 
production costs of $0.20 per pound accord- 
ing to the company. 

The use of computers in open pit mines 
continues to expand. More and better soft- 
ware is being developed to aid the miner in 
every aspect of operations. Optimum drill- 
ing locations and sophisticated borehole 
grade and tonnage programs are used for 
exploration and reserve analysis. Geome- 
chanical data are input to design the mines 
and pit slopes and to determine ground 
pressure limits. Computers plan the produc- 
tion sequence designing optimal bench lay- 
out and haulage rock placement, often for 
years in advance. Blasthole designs are 
determined, and simulation programs are 
available to assess the effect of blasting and 
blasthole patterns. However, the use of 
microprocessor technology for onboard op- 
eration of equipment is the emerging new 
development, and the merging of electronic 
and mechanical technologies in heavy 
equipment continues to accelerate. Severe 
conditions, such as vibration, extreme tem- 
perature, dust, moisture, and physical 
shock, are rapidly being overcome, and 
mining equipment is becoming covered with 
sensors that feed information to microproc- 
essors, which in turn make rapidly calcu- 
lated decisions to optimize the operation of 
the equipment. 

The Caterpillar Tractor Co. announced a 
new impact ripper that significantly ad- 
vances ripping technology.!“ A hydraulic 
impactor transmits additional forces to the 
tip of a specially designed shank, adding 
force to the power normally delivered dur- 
ing conventional ripping by drawbar pull. 
The operation of the impact ripper is fully 
automatic and does not commence until the 
tip comes in contact with high-strength 
material. When the ripper tip passes back 
into low-strength material, the impactor 
automatically shuts down. The ripper can 
also be used for secondary breakage by 
positioning the ripper tip over a bolter and 
activating the impactor manually. Compa- 
ny tests compared a D9L tractor dozer 
equipped with an impact ripper with one 
fitted with a parallelogram ripper. The 
testing ground was cemented limestone 
with a seismic velocity of 11,000 feet per 
second. The results showed that the impact 
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ripper produced 560 tons per hour, while 
the conventional parallelogram unit ripped 
155 tons per hour. This represents a produc- 
tion increase of about 850%. The tests also 
demonstrated that there is a cost savings 
using the new impact ripper. The standard 
ripper costs were about $0.41 per ton, com- 
pared with $0.13 per ton with the impact 
ripper. Cost for blasting was $0.19 per ton. 
Futher development of mobile crushers 
continued, and a trend is beginning toward 
the use of high angle conveying systems. 
These provide a lower cost alternative to 
transporting materials out of a pit with 
trucks. Continental Conveyor and Equip- 
ment Co. Inc., which installed the first 
commercial high angle conveyor at a west- 
ern U.S. coal mine, is constructing a high 
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incline. The design uses a sandwich belt 
principle and will permit installation of a 
second conveyor to elevate ore from a deep- 
er pit location and transfer it onto the tail 
of the first unit. Operation is scheduled to 


start in 1987. Goodyear Rubber Products Co. 


has developed a wraparound conveyor belt 
that can convey material up a 30* slope with 
potential speeds of 800 feet per minute. The 
folding conveyor belt, which encloses the 
materia! from loading to unloading, is made 
with specially constructed hinges fastened 
to the cover flaps at each edge. The flaps 
allow the sides of the conveyor to cover the 
material. A prototype belt has been in- 


that does not rely on framework to support 
the conveyor. The proposed concept, which 
could be extended to open pit operations, is 
based on the recent successful installation 
of a Flexowall belt in Belgium. This convey- 
or raises 3,000 tons per hour of coal over a 
vertical lift of 40 feet as a freely hanging 
catenary without a supporting frame. Such 
a design would cost much less than present 
designs and would also be very mobile. 

The world’s two largest tractor doszere 
were both introduced in 1985.:* Both incor- 
porate new design features and claim supe- 
rior performance with reduced fuel con- 
sumption. Komatsu Ltd.'s D475A is a 91-ton 
dozer capable of producing engine output of 
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740 horsepower. The combination of the 
new high-output engine and lockup torque 
converter is reported to increase workload 
by 40% and decrease operating costs by up 
to 30% compared with earlier models. The 
D475A has a capacity of 30 cubic yards with 
a straight blade, and 37 cubic yards with a 
universal blade. It can also be equipped 
with a single or multishank variable-type 
ripper. The physical ripping limit is rock 
with a seismic velocity of 9,800 feet per 
second and maximum ripping depth with a 
single shank of 5.5 feet. 

Caterpillar Tractor’s D11N is a 93-ton 
dozer capable of producing engine output of 
770 horsepower. The D11N is 5% heavier 
than the D10, and a new engine provides 
10% more power. The increased power and 
weight is reported to improve the new 
dozer’s productivity by 10% to 15% over 
that of the D10. Blades have been redesign- 
ed with a more open profile and greater 
heel clearance. Capacity with the universal 
Seed The standard shank 

pper arrangement is 8 inches shorter than 
that dw the D10. A shorter shank provides 
room for a deep arrangement with a longer 
shank offering the user more versatility. 
Maximum penetration with a deep ripping 
arrangement is 7 feet. 

Remote Mining.—Low-grade ore combin- 
ed with high processing costs prevent many 
deposits from being mined by conventional 
methods, but the development of solution 
mining continues to emerge as an alterna- 
tive method for mining of such metals as 
copper, gold, silver, and uranium. The Bu- 
reau of Mines continued active research on 
in situ leaching and published several re- 
ports. One report describes the development 
and application of a computer program, 
PHASEQ/FLOW, for simulating the geo- 
chemistry of leaching.'* The geomechan- 
ical flow simulator is capable of describing 
the dynamic changes in chemical composi- 
tion of an aqueous. solution during flow 
through a permeable medium. The report 
describes several applications: generic 
batch equilibria, flowing equilibria, urani- 
um roll-front deposition, and roll-front 
leaching. Another report describes a mine 
test of the new potassium chloride-po- 
tassium carbonate two-stage in situ urani- 
um leach process carried out at the Inter- 
continental Energy Corp. Zamzow project 
site in south Texas.“ Substantial quantities 
of high concentration uranium were pro- 
duced, indicating the feasibility of the leach 
solution. The test results yield information 
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regarding the reservoir dispersivity, the 
average cation-exchange capacity of the 
formation, and the distribution coefficients 
describing cation-exchange reactions. The 
test results also demonstrate the existence 
of permeability anisotropy and of disturbed 
flow fields. 

The Bureau of Mines has conducted re- 
search to improve technology for recovering 
precious metals from low-grade resources, 
and results were published. Many of the 
reported findings are recent, and some of 
the work described is ongoing. Topics 
discussed include cyanidation of carbona- 
ceous gold ores to enhance gold recovery, a 
new method for precipitating mercury dur- 
ing cyanide leaching of gold ores, a staged 
heap leaching process to generate suitable 
solutions for direct electrowinning of gold, 
use of anion-exchange resins to recover gold 
from cyanide solutions, and precious metals 
recovery from electronic scrap. 

A midget submarine able to rest on the 
sea floor at a depth of 1,500 to 2,000 feet will 
shortly be available for seabed exploration 
and geological investigations.“ It is 90 feet 
long and has two chambers. One chamber, 
where all machinery and navigational 
equipment are located, houses a crew of 
seven with six divers. The other is filled 
with helium-oxygen atmosphere com- 
pressed to the operating depth of the sub- 
marine. The vessel, where the divers can 
stay in saturation for a month or more, was 
built for either maintenance, repair, or 
installation of oil well heads or mineral 
exploration of the seabed. It can operate 
without repeated reference to a surface 
vessel in all weather and up to 150 miles 
from shore. The submarine will eventually 
be equipped with a nuclear reactor that will 
enhance the ship's range and enable it to 
operate under the Arctic ice. With the 
nuclear propulsion unit, the submarine's 
length will increase to 117 feet and its range 
to 300 miles. 

The Bureau of Mines also evaluated the 
extent of recoverable phosphate resources 
in the Southeastern Coastal Plain of the 
United States by the experimental borehole 
mining method.” Phosphate resources at 
overburden depths greater than 100 feet 
are, as a rule, currently unsuitable for 
recovery through conventional mining 
methods because of economic, environmen- 
tal, or technical considerations. In the iden- 
tified deposit areas, borehole mining oper- 
ations are projected to yield a more favor- 
able rate of return and to be environmental- 
ly more desirable than conventional surface 
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mining. The resources have been classified 
as hypothetical and speculative and are 
subject to updating as additional explorato- 
ry data become available. Hypothetical and 
speculative phosphate resources with a min- 
imum in situ grade of 5% P.O, amenable to 
borehole mining are estimated to total 
about 425 billion tons. With projected bore- 
hole mining capabilities and current con- 
ventional beneficiation procedures, this re- 
source would make available approximately 
70 billion tons of phosphate rock product at 
an estimated grade of 30% P. O. 

Beneficiation.—New technology and cost- 
reducing techniques were also the dominant 
factor in the processing of ores throughout 
the industry. Some notable advances were 
made in the crushing of materials. Rexnord 
announced a new cone crusher designed to 
fit an existing 7-foot crusher foundation 
with minimum modifications that provides 
twice the production capacity of the existing 
T-foot cone. A prototype, which features a 
head diameter of 90 inches and a scaled-up 
power rating of 1,000 horsepower, is being 
tested at Bougainville Copper Ltd.'s Pangu- 
na concentrator. According to the manufac- 
turer, the following design features have 
increased the volumetric limit of the crush- 
er compared with units of comparable size. 
The head diameter is approximately 10% 
larger, increasing volumetric capacity by 
the square of the diameter or 15% to 20%; 
head throw is 40% greater, increasing volu- 
metric capacity by an equivalent amount; 
the larger diameter of the cavity feed zone 
also has increased volumetric capacity by 
20% to 25%; and the elimination of the feed 
distributor has reduced the restriction of 
feed material flow and resulted in a 15% to 
20% increase in capacity. In addition, the 
machine has a hydraulic tramp release 
system to provide a larger release stroke 
capability that remains the same through- 
out the liner wear life and a single head 
design that fits all crushing cavities. 

The world’s largest feeder breaker with a 
throughput capacity of 300 short tons per 
hour was constructed by W. R. Stamler 
Corp. for use in overburden and frozen tar 
sand at Syncrude operations in Canada.” 
The 250-short-ton feeder breaker is 27 feet 
long by 30 feet wide by 28 feet tall. The 
hopper capacity is approximately 110 tons, 
with an intake height of 15 feet. The unit 
can be fed by 12-cubic-yard front-end load- 
ers or rear dump trucks. The feeder breaker 
also incorporates a special 40-foot-long by 
T-foot-wide boom conveyor, constructed to 
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Syncrude’s specifications. The  feeder- 
breaker channels broken material onto the 
boom conveyor, which can be raised or 
lowered to feed onto collecting conveyors, as 
well as directly into haulage equipment. 
Heater plates, built into the hopper walls, 
prevent frozen tar sand from sticking to the 
sides of the hopper. 

Superconducting magnetic separators are 
becoming commercially available. Their use 
would be applicable to ores where magnetic 
fields of high intensity are required to 
separate the components of solid mixtures 
containing weakly magnetic particles. In a 
conventional electromagnet consisting of a 
copper coil and an iron yoke field, intensity 
is limited to about 2 tesla owing to the 
saturation magnetization of the iron. The 
technology of superconductive magnets 
helps overcome this limit. During operation, 
the magnetic system is kept at tempera- 
tures close to absolute zero by using lique- 
fied helium. The coils of the electromagnet 
consist of superconducting wire made of 
special alloys, which, at a temperature of 
about -270* C, has no electrical resistance. 
Therefore, these alloys permit current den- 
sities 50 to 100 times higher than standard 
copper wire. 

A superconducting magnetic separator 
was constructed for a kaolin clay processing 
plant in Georgia by Eriez Magnetics.” With 
a magnetic field strength of 2 tesla, the 
machine is expected to remove particles of 
ferritic impurities ranging down to microm- 
eter size, thus producing a brighter, purer 
clay product. The new separator, measuring 
13 feet by 18 feet by 7 feet and weighing 230 
short tons, occupies 34% less space and 
weighs 47% less than conventional separa- 
tors of the same strength, thus reducing 
plant floor space requirements as well as 
foundation and installation costs. Compared 
with similarly sized, conventional separa- 
tors, electrical consumption by the new 
device will be 80% to 90% lees, translating 
into annual savings of $150,000. The compa- 
ny is also operating a new 5-tesla laboratory 
model to test customer samples and obtain 
data for scaling up to commercial oper- ` 
ations. 

Another magnetic drum separator has 
been developed by KHD Humboldt Wedog 
AG.“ The separator, named Descos, is 
designed for both dry and wet high intensity 
magnetic separation, and the company has 
successfully tested a prototype of operation- 
al size. Bauxite and andalusite have been 
tested in continuous operation (dry process) 
with relatively high throughput capacity of 


18 


up to 100 tons per hour. In processing 
bauxite from Brazil, the Fe, O, content in a 
washed and in a calcined state can be 
sufficiently reduced so that the product 
meets specifications for the world refractory 
material industry market. In the prototype, 
the magnetic flux density outside the drum 
exceeds 3 tesla. Later models will have field 
intensities up to 5 tesla. The drum of the 
actual separator has a diameter of 4.8 feet 
and a length of 5 feet. The consumption of 
electric power and cooling water correspond 
to those of conventional, wet high intensity 
magnetic separators with considerably low- 
er field intensity. The complete plant is skid 
mounted and may therefore also be used in 

preparation plants for pilot and 
field tests. 

In general, gravity separation processes 
are inefficient when used on ores with five 
liberation sizes. A new type of mineral jig, 
which will gravitationally concentrate 
heavy minerals in particle sizes consider- 
ably finer than is currently possible, has 
been developed by Gev Logics Pty. Ltd.“ 
The jig employs high centrifugal forces to 
concentrate the particles. Although still 
under development, the centrifugal jig is 
reported to have worked very well in a large 
number of tests with reported recovery of 
particles down to 20 micrometers and with 
a specific gravity differential of 1 to 1.5. 
Tests on tailings from a gold amalgamation 
and tabling operation recovered 60% of the 
gold rejected by the table, achieving a 
concentrate grade of 120 grams per ton of 
gold from a jig feed grade of 1.7 grams per 
ton. À new prototype is currently under 
construction that has been designed for 
higher centrifugal forces to allow effective 
concentration and recovery performance to 
en extended down to 10-micrometer parti- 

es. 

Flash flotation cells developed by Outo- 
kumpu Oy and installed in Finnish concen- 
trators have resulted in a dramatic increase 
in recovery.** They are used in classification 
circuits to process cyclone underflow and 
produce a final concentrate of coarse miner- 
als that would otherwise be returned as 
circulating load to the grinding mill. Oper- 
ating experience at the Hammaslahti con- 
centrator has shown that the gold content 
of copper concentrate increased from 3.5 
grams per ton to 4.4 grams per ton. In 
addition, copper recovery has increased 
about three percentage points when treat- 
ing high-grade ores, with 80% to 50% of the 
copper recovery occurring during flash 
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flotation. After vacuum filtration, the final 
moisture content of the concentrate was 
reduced by 1 to 2 percentage points, and the 
required cell volume for conventional flota- 
tion was reduced by 50%. The reduced cell 
volume cut energy requirements by 8,668 
British thermal units per hour per ton 
of ore. Based on the results of the proto- 
type cells at Hammaslahti, a commercial 
machine ''Skim-air" is being marketed. Op- 
erations in Finland include the recovery of 
copper from magnetic iron ore tailings, use 
in a nickel-copper concentrator at Kotalah- 
ti, the Vuonos copper-cobalt concentrator, 
and flotation of copper from slag. Several 
other cells are being considered for use in 
the United States and Canada in gold and 
copper applications. 

A flotation plant using a process devel- 
oped by the Bureau of Mines was installed 
at a phosphate mine in Conda, ID.” The 
Bureau’s process uses fluosilicic acid to 
depress the phosphate minerals while the 
carbonates are floated with a fatty acid 
emulsion. The carbonate float is followed 
immediately by a silica float with amine 
acetate. In 0.5-ton-per-hour pilot tests at the 
Conda mill, reconstituted feed material was 
deslimed before flotation. Reducing the de- 
sliming size made an additional 16% of 
phosphate available for recovery in the 
flotation circuit. Phosphate recoveries to- 
taled 80% to 90%. A technique was also 
devised by the Bureau of Mines to recover 
coarse (plus 1,200-micrometer) North Caro- 
lina phosphate now discarded as waste.™ 
Concentration utilizes the difference in par- 
ticle sphericity between the relatively flat 
calcite and the rounded phosphate pebbles. 
Sizing, treatment in a continuous hydraulic 
classification system, and grinding upgrad- 
ed a 17.0% P,O, reject to 24.5% P,O, with a 
phosphate recovery of 63%. 

Instrumentation and control technology 
for mineral processing continues to produce 
substantial operating improvements. A re- 
port describing research on an advanced 
model-based control for semiautogenous 
grinding was released by the Bureau of 
Mines. This research was performed under 
Bureau of Mines contract by the University 
of Utah.” The report describes the deriva- 
tion and verification of a simplified flota- 
tion model and discusses the implemen- 
tation of a Kalman filter for estimating the 
values of unmeasured variables for input to 
controllers. It also describes several control 
strategies using the model-based approach. 
The strategies emphasize the nonlinear na- 
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ture of the flotation plant. The report also 
discusses expected future trends in the im- 
plementation of such model-based flotation 
control strategies. 

Another example of improving technolo- 
gy is a new mass flowmeter that combines a 
unique twin-loop sensor design with a smart 
digital transmitter to measure mass flow 
directly.» It is reported to have a high 
sensitivity to mass while remaining inde- 
pendent of other variables such as density, 
viscosity, temperature, and fluid inhomoge- 
neity. The microprocessor-based transmit- 
ter preserves the high degree of accuracy 
available from the sensor and eliminates 
the instabilities characteristic of analog cir- 
cuitry. During operation, the fluid enters 
the flowmeter and splits into two looped 
tubes that carry the fluid in a helical path. 
A driver causes the tubes to vibrate like a 
tuning fork. Sensors mounted on the flow- 
sensing tubes measure the deflections that 
occur owing to the Coriolis force. Because 
this effect is directly dependent upon 
mass flow rate, calculations, which are per- 
formed reliably and repeatedly by the 
microprocessor-based transmitter, yield ac- 
curate mass flow rate readings. These read- 
ings are presented in analog, frequency, and 
digital formats. 

A northern Minnesota taconite company 
reports that the use of large complex poly- 
urethane castings are reducing downtime 
and maintenance costs in iron ore proc- 
essing.“ Cast polyurethane discharge cones, 
pan liners, and trommel screens weighing 
up to 1,500 pounds each are said to last two 
to three times as long as rubber and metal 
components in handling hard, abrasive tac- 
onite ores. The largest, most complex of the 
parts developed by Irathane Systems Inc. 
are the discharge cones. In service for near- 
ly 2 years in this taconite plant's 400-ton- 
per-hour, 36-foot-diameter autogenous mill, 
they are expected to last at least 6 years, 
twice as long as the cast iron cones pre- 
viously used. Because the cast polyurethane 
parts can be patched with polyurethane- 
based trowelling compound, service life 
could exceed the 6 years anticipated. These 
wedge-shaped components measure about 6 
feet high by 3 feet deep with a maximum 
width of 5 feet. At 1 taconite company, 9 
such cones replaced 18 smaller cast iron 
cones and the installation took only one- 
half as long as for the metal units. Six years 
ago, a severe wear problem with trommel 
screens was also solved with the use of 

polyurethane. Steel-reinforced natural rub- 
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ber screens were wearing out every 90 days; 
the current polyurethane screens are repor- 
ted to last up to 300 days. 

With the current interest in precious 
metals, a market for portable gold recovery 
equipment appears to have emerged. Vard- 
ax Consultants Inc. has reportedly sold six 
fine gold recovery plants. The portable 
units are totally self-contained and engi- 
neered specifically to recover micrometer- 
sized precious metals. They are modular 
and can be built for production levels from 
30 cubic yards per hour up to 500 cubic 
yards per hour. The raw material is com- 
pletely scrubbed in a grizzly feeder and 
then put through a gravity concentrator. 
The 1/4-inch-size screened material goes 
through a series of accelerator concentra- 
tors to recover the fine and floating gold. A 
secondary system separates visual gold 
from black sands concentrate. Davage Tech- 
nology Inc., the operator of a gold recovery 
System recently developed by the Battelle 
Memorial Institute, is making a mobile 
version of the system.” The 10-ton-per-hour 
unit, much smaller than the Vardax plant, 
is contained in a semitrailer with its own 
powerplant. It operates automatically on 
either dry material or slurry. It requires 50 
gallons of water that can be recirculated. 
The five-step process uses no chemicals. The 
system has operated successfully during 
three 30-day runs on placers in Arizona and 
Nevada, recovering more than 95% of the 
gold present. 

Another system that uses modular tanks 
to leach gold ores has been developed by 
Hitec Ore Processing Inc.** Any type of gold- 
bearing ore can be treated with tickle agita- 
tion or flood leaching, depending on the ore 
type. Leaching time is quite rapid compared 
with heap leaching. Tanks are charged, 
leached, flushed, and discharged in 9 hours. 
Gold recoveries are reported to be between 
80% to 90% with low capital and operating 
coets. Typical operating costs for a 2,000- 
ton-per-day plant, using a 2.8-gram-per-ton 
ore, should be about $3.50 per gram. Capital 
costs for such an operation would be about 
$2 million. Savings come from the lower 
material handling costs, compared with 
heap leaching and conventional methods. 
Tundra gold mine near Talon, NV, will be 
the first site where tank leaching is used. 

Health and Safety.—Preliminary injury 
statistics compiled by the Mine Safety and 
Health Administration show that fatalities 
in 1985 were the lowest in history with 56 
miners killed in metal and industrial min- 
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erals mines. Although employment has 
dropped, the fatality rates are still very low, 
matching the previous low set in 1983. A 
new record low was also set for injury rates 
in 1985 at 4.26 per 200,000 employee-hours. 
Two reports were released by the Bureau 
of Mines on ground-penetrating radar 
(GPR) systems to detect hazards. The first is 
on a System that is capable of penetrating 
10 feet into the mine roof to identify anom- 
alistic conditions.** It consists of a transmit- 
ter with carrier frequencies of 250, 500, and 
1,000 megahertz, utilizing a dipole antenna 
and a receiver. À computer was used for 
data acquisition and data processing. Data 
analysis by computer enhancement reveal- 
ed recognizable return radar signatures 
from the middle main roof of the test site. 
These stratigraphic anomalies can be cata- 
loged for recognizable features, which from 
the past history of the mine, may have been 
shown to create strata control problems. 
The second Bureau of Mines report de- 
scribes testing of a GPR system in the 
central Florida phosphate district to deter- 
mine the feasibility of utilizing GPR tech- 
nology for subsurface cavity detection.** The 
test area is situated in karst topography 
where sinkhole development is prevalent. 
State regulations require subsurface drill- 
ing of dam sites to identify underground 
anomalies; however, this method is not 
totally accurate in locating the subsurface 
cavities that could develop into sinkholes. 
The GPR system that was devised success- 
fully penetrated over 50 feet of overburden 
and gave recognizable radar return signals 
characteristic of a rock-cavity interface. 
Fires in underground metal and industri- 
al mineral mines are one of the most life- 
threatening hazards faced by the workers. 
Contaminated air is the primary killer, and 
the most reliable defense against the spread 
of contaminated air throughout the mine is 
early fire detection and warning systems so 
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that rapid evacuation of the workers can 
occur. Bureau of Mines research led to the 
design, prototype fabrication, and successful 
testing of an improved stench fire-warning 
system.“ Stench systems are the most wide- 
ly used means of warning miners in under- 
ground noncoal mines of fires or other 
emergencies. A stench system alerts miners 
that an emergency condition exists by in- 
jecting an odorant into the mine air. AL 
though stench warning systems have been 
used successfully for over 60 years, present 
Systems suffer several serious shortcomings, 
including odorant toxicity, unreliability of 
warnings, widely varying stench concentra- 
tions, and others. The new system over- 
comes the deficiencies of existing systems 
by substituting tetrahydrothiophene for the 
commonly used ethyl mercaptan stench 
odorant, and by using a specially designed 
stench injector. The improved injector re- 
liably meters stench fluid into either 
ventilation-air or compressed-air streams at 
a precisely controlled rate. The Bureau has 
also designed and operated four other proto- 
type warning systems for underground non- 
coal mines that are presently undergoing 
prolonged in-mine testing.” 

Firefighting has made considerable prog- 
ress in recent years owing primarily to the 
use of inert gases. In French underground 
mines, the use of nitrogen has changed the 
methods used to fight open fires.* With 
large quantities of nitrogen available on- 
site, it is possible to reduce the intensity of a 
fire and to extinguish it in a relatively short 
time. In a few hours or a few days after the 
use of the gas, it is possible for miners to 
come back to safe conditions in the work- 
ings. For this reason, all French coal mines 
are now equipped for the rapid use of 
nitrogen. Portable nitrogen generators are 
on-site, and contracts have been made with 
liquid nitrogen suppliers that guarantee 
delivery in short periods of time. 
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Table 1.—Material handled at surface and underground mines in the 


United States, by type 
(Million short tons) 
Surface Underground All mines? 
Type and year Crude 1 Crude i Crude 
ae Waste Total ges Waste Total ore Waste Total 
Metals: 
19880 520 1.180 1.700 77 11 88 597 1.190 1.790 
198811 592 1.050 1.650 82 15 97 674 1,070 1,740 
1982________ 371 677 1,050 60 12 72 431 1,120 
19838 380 557 938 47 6 53 427 564 
198888 420 614 1,080 57 10 67 476 624 1,100 
Industrial minerals: 
MC PEN 2,060 620 2,680 78 2 78 2,140 620 2,760 
19819. 5 eode 1,150 584 1,740 68 6 74 1. 590 1,820 
19822 837 366 1,200 61 2 63 368 1,270 
19833 |. 1,070 155 1,230 62 1 62 1,130 155 1,290 
1980000 1.060 286 1.340 40 1 41 1.100 287 1.390 
Total metals and 
industrial min- 
erals:! 
1980 2,580 1,800 4,380 155 11 167 2,780 1,810 4,540 
1981 _________ 1,750 1,640 3,390 151 20 171 1,900 1,660 3,560 
198822 1.210 1.040 121 14 135 1.330 1.060 2, 390 
1888 eee A 1.450 712 2,160 109 7 116 1,560 719 2,280 
1988 1. 901 97 11 108 1.570 912 2,490 


Data may not add to totals shown because of independent rounding. 

*Lees than 1/2 unit. 

*Includes industrial sand and gravel. Construction sand and gravel data were not available for 1981 and 1983 because of 
biennial canvassing. 

“Crushed and broken and dimension stone data were not available for 1982 and 1984 because of biennial canvassing. 
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Table 5.—Crude ore and total material handled at surface and underground mines 
in the United States in 1984, by commodity 


Ee EE 


Manganiferous ore 
Molybdenum- - - --------------------— 


, n Sk cite ee a uie 
Msn 8 


Phosphate rokecekkͥ«kkkkͤkc „ 
Potassium salts «eke 
PUM ICO us Lu csi ote A mos c aree e e 
SII WWE ATENTO 8 
Sand and eravel „ 
Sodium carbonate (natural) 
Talc, soapstone, pyrophyllite -------------- 
VermiculitmcM̃õk. 


(Percent) 
Crude ore 

Under- 

Surface ground 
8 a^ 100.0 
MARE 100.0 S 
„ 88.5 11.5 
mue 92.7 1.3 
REES 99.7 3 
SP ACHSE 1100.0 W 
2 ets os W 2100.0 
NONO 100.0 Eo. 
Se 1100.0 W 
ERN 100.0 a 
e 39.0 61.0 
. 6 99.4 
EL EEA 64.6 35.4 
3 SE 100.0 
ATS SOC 88.1 11.9 
„„ 1100.0 W 
33 100.0 exe: 
5 100.0 ER 
SE 99.3 7 
55 100.0 zm 

LEO RE 100.0 - 
„ W 2100.0 
5 84.6 15.4 
9 100.0 as 
neh POS 100.0 ie 
335 100.0 gen 
„ 1100.0 W 
„ 1100.0 W 
. Tm 100.0 
dlc T 100.0 MN 
Bik ts oye 6.4 93.6 
E TE 100.0 Lee 
„ T 100.0 
55 90.0 10.0 
ext I dE 100.0 n 
3 96.3 3.7 
o 93.9 6.1 


Total material 


Surface 


W Withheld to avoid disclosing company proprietary data; included with Surface or Underground.“ 


Includes underground; the Bureau of Mines is not at liberty to publish separately. 


7Includes surface; the Bureau of Mines is not at liberty to publish separately. 


Includes unpublished data. 
*Abrasive stone, emery, garnet, and tripoli. 


Under- 
ground 


WW 

— — 
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Table 6.—Crude ore and total material handled at surface and underground mines 
in the United States in 1984, by State 


(Percent) 
Crude ore Total! material 
State Under- Under- 
Surface ground Surface ground 
Alabama ` Le 100.0 En 100.0 Sac 
Aka a EE Ne chro 100.0 m 100.0 m 
Anpas -a es E EE 88.2 11.8 93.7 6.3 
H WT ENEE EE 100.0 ce 100.0 zh. 
California oo Se Seas he ati atm sy ees ͤ ese Nes gE 99.5 5 99.4 6 
Colorado o uo uou sd ĩ] eis M ae 15.8 24.2 71.7 28.3 
C ³˙¹·wm¾ͤ . cir I vt) eaten er 100.0 mM 100.0 xe 
Delaware RR on . . 8 100.0 m 100.0 GER 
Florida -e o eg ³ĩ⅛ KA ³»-w ehr be, 100.0 MA 100.0 e 
E EE 1100.0 w 1100.0 W 
Hawai c ont eser os uae iru K ĩð AE 100.0 s 100.0 to 
/ cS, Ae n D ⁰ icis 94.5 5.5 98.1 1.9 
Illinois EE iso ees e is tare eS 99.3 7 99.1 9 
TI ENERGIE KOH A ENS 94.0 6.0 44.2 55.8 
NOW ooo nn en ͤ EAT ðͤ K cou la a E M Ses oe 96.9 3.1 96.9 3.1 
"dcr EVER EE 91.9 8.1 92.4 7.6 
Kentucky ___-----------------------------—- 100.0 En 99.9 1 
Louisiana _ nn ES 77.6 22.4 77.9 22.1 
Mig o o noon EE 100.0 Ges 100.0 mm 
Ero Sc b . d: 100.0 EN. 100.0 EL 
Massachusetts. MT ————— 100.0 ae 100.0 ace 
Lo: EE 1100.0 W 1100.0 W 
Minnesota c ³ĩ ⁰⁰ ¼ . 8 100.0 ee 100.0 ED 
Mississippi 33J;kp 8 100.0 aor 100.0 1 
Missouri ⁵ð ⁵ : ons cn ðͤ . ĩðͤ AD ee 58.9 41.1 58.9 41.1 
rü Te Sn taxe ees 82.1 17.9 89.2 10.8 
Nebraska- o c hA ů K 0 indus 100.0 A 100.0 2 
Nevada L — 5 ³ cocus er vy eee y de 98.4 1.6 99.4 6 
New Hampshire. |... - _- _-_________________-~- 100.0 Se 100.0 te, 
New Jersey. o o hos ee Deam cs 1100.0 W 1100.0 WwW 
New Mexico ii dÄ . ⅛ ͤ 67.3 32.7 89.7 10.3 
New York a a in ³⁰˙mꝛ mak et So Si en ge 84.0 16.0 83.3 16.7 
North Carolina ——— ³⅛õVé᷑ gt ee es a 100.0 Zo 100.0 KS 
North PCC»; ³oA v te a eS 1100.0 W 1100.0 W 
SEENEN 89.9 10.1 89.4 10.6 
Oklahoma nor : een 1090 Et 10050 Be. 
ons cR EC REM EN A EE EE . — 100. AE 
Pennsylvania `... 1100.0 w 1100.0 W 
bland. 5 ͤũ¶ PA:; ⁊7⁊ä eoo 100.0 "NN 100.0 s 
South Carolina `. 100.0 Se 100.0 ER 
South DE.... ð-ß ee IS 80.7 19.3 79.9 20.1 
nne 62.0 38.0 66.0 34.0 
Teus DCUM 8 99.5 5 99.6 A 
BT. WEE x 98.8 1.2 99.1 9 
Mee 100.0 SS 100.0 Se 
VIDA EE 1100.0 w 1100.0 W 
n)); 8 1100.0 Ww 1100.0 W 
West e i ae ep nee a 96.4 3.6 96.7 3.3 
Wisconsin ` 100.0 Ste 100.0 = 
Weonumg LL. 61.7 38.3 81.9 18.1 
Average" Lo Lor e cuc Se 93.9 6.1 95.7 4.3 


W Withheld to avoid disclosing company proprietary data; included with “Surface.” 
Includes underground; the Bureau of Mines is not at liberty to publish separately. 
"Includes unpublished data. 
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Table 7.—Number of domestic metal and industrial mineral mines! in the United States 


Commodity 


Phosphate rock . 2... 
Potassium salts . 
FPumee mm 


Sodium carbonate (natural) 
Talc, soapstone, pyrophyllite _ . 
Other cokes 8 


in 1984, by commodity 
Total Less 1,000 10,000 
number than to to 
of 1,000 10,000 100,000 
mines tons tons tons 
6 2 SE? 4 
25 2 3 3 
82 35 8 8 
31 5 8 11 
21 "^ 1 3 
13 3 1 1 
33 9 7 7 
3 mm i uc 
9 5 2 os 
41 9 9 17 
11 Be 1 1 
21 2 5 5 
296 70 45 60 
12 4 5 
3 ER a RN 
15 PP 4 1 
944 56 226 531 
10 ms 2 4 
15 oe 3 5 
4 1 2 oe 
69 2 4 23 
12 1 2 5 
11 DR 3 5 
36 PH td 1 
5 GË NM EE 
23 4 9 7 
19 D5 3 4 
gera 111 913 3,020 
40 8 14 14 
31 7 3 15 
7,330 192 1,192 3,646 
7,626 262 1,237 3,706 


100,000 


to 
1,000,000 
tons 


to 


S a -3 0» tO R2 en d». c CD 


— 
Gs 
— dm OO ma 


8 Fe 
to | |e t 
CIE anise oe IER 


N 


1,000,000 


to 
10,000,000 
tons 


! 


D ss 
ne wl 


88 Joan 


More 
than 
10,000,000 
tons 


1Excludes wells, ponds, or pumping operations. 


Includes antimony, beryllium, manganiferous ore, mercury, molybdenum, rare-earth metals, and tin. 
*Includes abrasive stone, emery, garnet, and tripoli. 
Includes aplite, boron minerals, graphite, greensand marl, iron oxide pigments (crude), kyanite, magnesite, millstones, 


olivine, vermiculite, and wollastonite. 
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Table 8.—Twenty-five leading metal and industrial mineral! mines in the United States 
in 1984, in order of output of crude ore 


Mine State Operator Commodity na 
METALS 
Morenci e Arisona ps Dodge Corr E o4 Open pit. 
Minntae Minnesota United States Steel Corp Iron ore Do. 
Sierrita Arizona .. ...- Duval Sierrita Corp |... Copper Do. 
Empire Michigan Empire Iron Mining Iron ore Do. 
U Copper EE Uta Kennecoett ..- Copper Do. 
Hibbing Taconite Minnesota Pickands Mather & o Iron ore Do. 
San Manuel Arizona Magma Copper Co Copper Caving and 
open pit 
Tilden Michigan .... Tilden Mining Co Iron ore Open pit. 
Tyrone. ........- New Mexico Phelps Corp... ..- Copper Do. 
Erie Commercial. innesota Pickands Mather & Coo Iron ore Do. 
, le New Mexico Chino Mines Co Copper Do. 
Ray Pit Arizona Kenneco ett e Do. 
eee Minnesota ee noron 5 — m 
to Valley ...... Arizona _____- to ey r Corp per E 
Pats Nevada Co ee gold Do. 
Peter Mitchell! Minnesota Reserve Mining o- Iron ore Do. 
National Pe ME. EE The Hanna Mining Co ----do sss Do. 
Project-Itasca. 
Green C“ Florida Associated Minerals Corp Titanium Dredging. 
Eisenhower Arizona ASA RCO Incorporated Copper Open pit. 
Minor aaa Minnesota Inland Steel Mining Co Iron ore Do. 
Inspiration Arizona TTT Copper Do. 
r Co. 
National Pellet Minnesota Tho Mining Co Iron ore Do. 
Butler Taconite ä cc ni c noL eee cat AOD, Sas Do. 
5 Colorado Climax Molybdenum Co., Molybdenum Caving and 
a division of AMAX Inc. open pit 
New Cornelia Arizona _____-_ Phelps Dodge Corp _ _ _ _ _ — Copper Open pit. 
INDUSTRIAL MINERALS? 
Norayn Florida International Minerals & Phosphate Open pit. 
i do berg 2 Do 
more re. F vedo Coi ert oe ----d0 cau ; 
Pe tres 3 PET | cz or. William Co i2 00. Do. 
Hoockers. |.  . NET SES W. R. Grace & o E, EE Do. 
Ft Meade -do oo Mobil Oil Corp ` ----do __- Do. 
Lee Creek... ___- North Carolina _ _ Texasgulf lne ----do ... Do. 
Haynsworth |. ..... Florida American Cyanamid o ----d0o __- Do. 
Clear Spring DEE, EE International Minerals & ----dọ 2c Do. 
Chemical Corp. 
Lonesome . ...... eodd ccc American id Co e Do. 
Suvan ess e eee Occidental leum Cork do Do. 
Big Four BEE, EE AMAX Phosphate Inc a SE SE Do. 
division of AMAX Inc. 
Diente Creek ai eee TONERS." ME Beker Industries Corp |... ----do sss. Do. 
Creek 3: Ss S os Ja es Occidental Petroleum Corp SEN `- Do. 
International New Mexico International Minerals & Potassium Stopes. 
Payne Creek Florida Agrico Chemical Co Phosphate Open pit. 
rock. 
Harde ----d0 ods C. F. Mining Cord --.do ... Do. 
lrwindale. . ...... California N Co., Blue Diamond Sand and Dredging. 
terials. gravel. 
Radum duces ns Koppers Co., Kaiser Sand --..do ... Do. 
and Gravel. 
AMAX.__________ New Mexico AMAX Chemical 4,8 Potassium Stopes. 
division of AMAX Inc. salts. 
St. Lucie Florida General Development Corp. Sand and Dredging. 
gravel. 
Saddle Creek SOO ee it Agrico Chemical Co hate Open pit. 
rock. 
Hobbs ___________ New Mexico New Mexico Potash Corp Potassium Do. 
salts. 
Reef `... New York... International Salt Co Salt Stopes. 
Rockland Florida USS Agri-Chemicals _ __ _ te Open pit. 
: roc 
Perkins California Teichert Aggregates Sene and Dredging. 
grave 


!Excludes brines and materials from wells. 


*Crushed and broken and dimension stone were not available in 1984 because of biennial canvassing. 


32 MINERALS YEARBOOK, 1985 


Table 9.—Twenty-five leading metal and industrial mineral! mines in the United States 
in 1984, in order of output of total materials handled 


: : Minin 
Mine State Operator Commodity meth 
METALS 
ones New Mexico Phelps Dodge Cord Copper Open pit. 
orenc l Arizona ------ r _._.-do __ Do. 
Utah Copper Utah ________ Kenne cott EN, GE Do. 
Sierria 25. Arizona Duval Sierrita Corr Sa 2008 nous Do. 
Empire Michigan Empire Iron Mining Iron ore Do. 
F New Mexico Chino Mines o Copper Do. 
Inspiration Arizona Inspiration Consolidated ----d0 Do. 
Copper Co. 
Ray Pita cxx us wl Duc ork ers = Kennecott __________ _ ene: |: UNE Do. 
Minntae Minnesota United States Steel Corp Iron ore Do. 
Hibbing Taconite _ _ fsa MAO loci ose erie Pickands Mather & co usd SEH Do. 
Tilden -` -------- Michigan Tilden Mining Co — d Do. 
Thompson Creek Idagoo Cyprus Mines Corp Molybdenum Do. 
Battle Mountain Nevada  .... Battle Mountain Gold Co- Lode gold Do. 
Thunderbird - Minnesota Oglebay Norton Coo Iron ore Do. 
San Manuel Arizona Magma Copper Co Copper Caving and 
open pit. 
Pinto Valley o EEN Pinto Valley Copper Co- ----do `. Open pit. 
Erie Commercial Minnesota Pickands Mather & Co Iron ore Do. 
Candelaria _ Nevada ...... Nerco Minerals Co Silver Do. 
Eisenhower `- ` ----- Arizona AS ARCO Incorporated Copper Do. 
Mercuͥiunn _ Utah ________ gs Ae Mercur Gold Mines Lode gold Do. 
nc. 
Gin Colorado Climax Molybdenum Co., a Molybdenum Do. 
division of AMAX Inc. 
Henderson KEE, a a HOME. ttn et ene aes EARED PETENS Caving and 
open pit. 
Maggie Creek ______ Nevada ...... Carlin Gold Mining Co- Lode gold .. Open pit. 
Round Mountains -..do.....- Copper Range o SN. EE Do. 
Peter Mitchel Minnesota Reserve Mining Co- Iron ore Do. 
INDUSTRIAL MINERALS? 
Noral'hnn Florida International Minerals & Phospha Open pit. 
Chemical Corp. rock. 
Ft. Greens e Williams co e Do. 
Kingsford --------- REDE. DEN [International Minerals & ----doọo _.-- Do. 
Chemica! Corp. 
Su wanne See UO Se a were Occidental Petroleum Corp . dtu donc Do. 
Haynsworth _______ 0 American Cyanamid Co ais MAO Lice c Do. 
Clear Spring PME. sts ee International Minerals & Ss LES Do. 
Chemical Corp. 
Lonesome Oo American Cyanamid Co- e Do. 
Hookers E, WEE W. R. Grace & co ----d0 -_- Do. 
Wingate Creek sas Hd ues Beker Industries Cord zu: MAO) s x Do. 
Swift Creek... ott OO ih ee e Occidental Petroleum Corp --- -do -_- Do. 
Big Four `. i AMO Sree eres AMAX Phosphate Inc., a MN. E Do. 
division of AMAX Inc. 
Ft. Meade 8 Mobil Oil Cor TM MART Do. 
Lee Creek North Carolina Texasgulf ln ----do ias Do. 
Ft. Meade Florida Gardinier Ine e Do. 
Hardee | ........ MERE. EE C. F. Mining Cor ----do ions Do. 
Mabie Canyon Idaho ....... Conda Partnership - S AIO ae as Do. 
Saddle Creek Florida Agrico Chemical Co -..2.do ..- Do. 
Vernal _-________- Utah ......- Chevron Resources Co Se dO Lc Do. 
International New Mexico International Minerals & Potassium Stopes. 
Chemical Corp. salts. 
Payne Creek Florida Agrico Chemical Co Phosphate Open pit. 
rock. 
Henry 262.56 8 Idaho. Monsanto Co BEE, L GE Do. 
Copperopolis __ _ __ __ California __ __ — Calaveras Asbestos Corp .. Asbestos |... Do. 
Irwindale e Koppers Co., Blue Diamond Sand and Dredging. 
Materials. gravel. 
Condaa Idao J. R. Simplot Coo Phosphate Open pit. 
rock. 
Radum ---------- California . . . — Koppers Co., Kaiser Sand Sand and Dredging. 
and Gravel. gravel. 


1Excludes brines and materials from wells. 
2Crushed and broken and dimension stone were not available in 1984 because of biennial canvassing. 
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TM aca , a a ae 1984, 


by co 
(Percent) 
Total material handled 
Commodity Preceded Not 
by drilling by 
and blasting and blasting’ 
METALS 

Bux. ee ˙ dd eee ee ee ae 92 8 
EE ee ME i í 
ãõĩõĩ·ͤ;ĩrẽͤ—. ³ !. ⁵ũ— : ⅛˙* . ̃7¾ AA. S 91 8 
PN EEN 1 99 
Iu OM a ⁰˙ð1¹ü k ⁊ðZ- yd d 96 100 

Manganiferous oro „„ „„ vv Se 
MOONY EE EE 15 85 
Molybdenum oz Ee reni een D DERE RUE EE Ee Eee DE rei Weg 
cc 85 15 
Titanium (ilmenite) LLL A A A A A A A eee 5 1 * 
|j Poco l ee a a Se ee ee 34 66 

INDUSTRIAL MINERALS 
ADM Le pd lE eee eine eee de em 15 s 
FREE 14 100 
P??? ce 55 100 
222 ⁰ ̃ u DC 100 d 
iroa oxide pigments (crude). ________--_-__--_----__------------ i 100 
! ee ee P Uinc ce OR PANES NAM 100 HP 
Mica Gerae) WEE i00 84 
Divin c DL y d a EE 100 SS 
EE Ee 72 28 
PNE... cnl. Tf e eed d e 12 88 
EE re Ee Pa 48 52 
JJ Addy ⁵ ⁵⁵ĩ⁵ĩͤ—y NEN ire ee Os 8 92 
5 JJ ³⅛WWAA. 8 2 1 
Vea E 55 45 
AVE Lon ß Stee aoe ee eee Rc EE 40 60 
'[ncludes or cutting without blasting, dredging, mechanical excavation and nonfloat washing, and other 
. 


Table 13.— Development and exploration activity in the United States in 1984, by method 


Metals Industrial minerals Total! 
Method Percent Percent Percent 
Feet of Feet Feet 
total? total“ total? 
DEVELOPMENT 
Drifting, crosscutting, or tunneling _ 378,000 67.9 11,800 100.0 884,000 68.5 
P 68,400 11.6 W W 63,400 11.8 
Shaft and winze sinking. ___ ___ 1,530 3 W w 1,530 8 
mining 111,000 20.8 W W 111,000 19.9 
TT LEE 549,000 100.0 11,800 100.0 561,000 100.0 
EXPLORATION 
Corn drill 27,000 6 W 27,100 6 
Diamond drilling _._...______ 836,000 17.9 112,000 61.5 949,000 19.5 
Percussion drilling 982,000 21.0 $1,000 17.0 1,010,000 20.9 
drilling |... ........ _ 2,540,000 54.4 89, 21.6 2,580, 53.2 
ing eee EE 29,200 .6 W W 29 .6 
Other drilling 5.5 iu AE 258,000 5.3 
Total! LLL LL c.l 4,680,000 100.0 188,000 100.0 4,860,000 100.0 
Grand total“) 5,230,000 Xx 194,000 XX 5,420,000 XX 
W Withheld to avoid disclosing pany proprietary data. XX Not es 
use 


e A EA a to torai a i independent rounding 
Based on unrounded footage. 
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Table 16.—Total material (ore and waste) produced by mine development in the United 
States in 1984, by commodity and State 


(Thousand short tons) 
Shaft and — z 
winse Raising ea oT Stripping Total! 
sinking tunneling 
COMMODITY 
METALS 
Copper J ME Set Se 58 122 59,400 59,600 
Eege ĩðͤ- nd ud W W 252 86,700 81,000 
Plat n2 luo eu EE xi i E a wl 166 64 230 
Léad esc Se ee eee ee oS x W 1.040 W 1.040 
TTT! ·—̃—ö et W wW 7,860 7,620 
Uranium ---------------------— = W 234 5,170 5,400 
Jö» ee W W 835 a 835 
p 17 1.650 4,700 10,620 17,000 
Tolal'i-- oo Sk See 17 1,710 7,110 119,000 128,000 
INDUSTRIAL MINERALS 
Talc, soapstone, pyrophyllite. --- ------- 2s W W 1,060 1,060 
F V 2 4 102 1,740 1,850 
Totál ewok e mnt 2 4 102 2,800 2,910 
Grand total“) 19 1,720 1,210 122,000 181,000 
STATE 
Alaska EEN = w W 64 64 
Arkansas MEME . — "— m 8,080 060 
Californian 2 180 10,900 11,100 
Colorado- - -- ------------------- Se 1,540 4,700 wW 
Idaho - --------------------- W wW 94 1,200 1,900 
Kentucky EE 1 à 8 8 5 
32322 8 "M Se 1,020 81 1,050 
Montana wl W 8 7,580 7,590 
TT TEE E W 81 26,400 26,400 
New Medien... ae 85 xi hd Wi 
WGN ee WwW Ki 168 W 168 
Washington - - - - ----------------- EM 2 CH wW CH 
Wyoming ---------------------- OR A W 5,160 5,160 
Undistributed* |. - -- ~- ------------ 18 140 685 63,600 
//%/ö»́%O— 7x» ]%Ü ö 19 1,720 7,210 122,000 131,000 
W Withheld to avoid disclosing com data; included with Other or "Undistributed." 
Data may not add to totale chown because of independent i 
Less than 1/2 unit. 
"Includes bauxite, beryllium, iron ore, molybdenum, nickel, tungsten, and items indicated by symbol W 
oe barite, diatomite, fluorspar, cr perite. pumice. ub wollastoni “aed lone 


"Includes New Jersey, New York, North South 
regeert A A ee NT a Carolina, Dakota, Tennessee, 


Table 17.—U.8. industrial consumption of explosives 


(Thousand pounds) 
Coal Metal Tol ` rani Total 
Year industrial mineral 
other industrial 
mining! mining! mineral industry uses? 
1980.ꝑm 2,508,859 559,229 624,184 8,686,712 581,690 4,214,462 
S lcu 2,249,262 695,449 493,711 8,438,482 902,567 4,341,049 
1982 2,269,565 530,884 423,858 8,223,302 681,189 3.910, 491 
1988989. 2,126,263 481,129 461,710 8,015,102 655,150 8,780,252 
1980 2,758,659 487,217 419,878 8,615,749 681,109 


2006. quantis of thie Ves Ere è EE EES 
Ancludes some quantities from “Coal mining,” “Metal mining,” and “Quarrying and industrial mineral mining." 


GER E Me nos Cors / a aces 
oni ves. 
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Table 18.—U.S. consumption of explosives in the minerals industry 


(Thousand pounds) 
Quarrying 
Coal Metal paana: 
mining 
PERMISSIBLE EXPLOSIVES 
1öÜd a PNE MM 52,476 81 716 53,273 
I!! ³ ³ A 49,814 166 1.638 51.618 
// EEN 43,401 281 1,317 5,005 
111;ͤöÜÄo PM y 85,181 311 657 86,149 
| dL CES MOM AS v CON SPON 81,721 195 845 ,261 
OTHER HIGH EXPLOSIVES 
IRÜ o euo A LL y SA 8 24,912 25,085 50,138 100,135 
ü eT ĩðâ ĩðâ 22.314 23.384 43.223 88.921 
1 ³o¹ wm y 19.360 13,108 29,322 61,790 
1983 lh i ha es eee E 17,964 8,861 31,833 58,658 
VORA oe est ar ⁵ ͤ—(f . ĩð - cM 20,357 7,771 29,658 57,786 
WATER GELS AND SLURRIES 
| | ee eS EE Cn TEN qoc ten CRUS M 98,916 171,218 99,947 865,076 
!! ⁰yꝗqꝗyãA 8 796 174.528 86,671 860,995 
1880. o nd i E de 104,364 90,738 80,503 215,605 
///öõãõĩõĩõͤĩùð2ĩVß xx du ue e CE 94,578 49,699 94,261 238,538 
j|." ae i Beate pe see EE 99,340 78,959 102,849 281,1 
AMMONIUM NITRATE: FUEL—MIXED AND UNPROCESSED 
jb. oe et ete Se y m 2,382,055 362,850 473,383 168. 
Il! ta ane MC 2,077,338 497,371 862,239 2,936,948 
/öö;õͤĩ³˙³ . aA 8 2,102,440 426,251 $12,211 2,840,902 
|o a ee ee d y d ⁰⁰k 1,978, 422,258 ,959 2,741,757 
EE y ee ela a EE 2,601,241 350,292 347,021 8,298,554 
TOTAL 
1177/ô·Ü. n.... — AER TRO 2,503,359 559,229 624,184 3,686,772 
/// ði ſſ ⁵ Pe Se 2,249,262 695,449 493,771 8,438,482 
Lee ey ee RUE 8 2,269,565 384 23,353 3,223,302 
1983 L. -------- Ee 2,126,263 481,129 467,710 3,075,102 
1989 U 2,758,659 437,217 479,873 8,675,749 
FROTH FLOTATION“ 


Froth flotation is a process for separating 
and selectively concentrating finely divided 
minerals. The process involves the crushing 
and grinding of ore to a fine enough size to 
liberate or free the mineral species from 
each other, followed by the selective recov- 
ery of the desired minerals by the injection 
of air into a mineral-water slurry. Chemi- 
cals added to the slurry as collectors are 
selectively adsorbed on the surfaces of parti- 
cles of the desired minerals making them 
hydrophobic (water repellent) and allowing 
air bubbles to attach to the particles' sur- 
faces. The hydrophobic particles are borne 
to the surface by air bubbles rising through 
the slurry and become concentrated in a 
surface froth, which is skimmed off to form 
a mineral concentrate. Conversely, other 
reagents called depressants may be added to 


the slurry to selectively render surfaces of 
the specific mineral particles hydrophilic 
(wettable) to suppress the attachment of 
bubbles on their surface to further enhance 
mineral separation. Flotation is generally a 
multistage process, particularly in complex 
ores containing several recoverable miner- 
als. Some of the minerals floated in the first 
stage, or rougher (bulk) float, may subse- 
quently be depressed in later flotation 
stages. Surface-active reagents called modi- 
fiers may be added to the slurry to affect the 
flotation response of the minerals. The de- 
velopment of flotation as an economic min- 
erals beneficiation process has allowed the 
mining of previously uneconomic complex 
and low-grade ores. Flotation is used to 
obtain more than one-third of U.S. mineral 
concentrates, and its importance to miner- 
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als processing has been ranked with that of 
the development of smelting. 

Every 5 years the Bureau of Mines con- 
ducts a survey of domestic mineral process- 
ing plants that employ froth flotation. The 
survey requests operational data on capaci- 
ty, recovery rates, ore and concentrate 
grades, and consumption of utilities as well 
as consumption of reagents. Data received 
from the plants surveyed indicated that in 
1985 more than 422 million short tons of ore 
and raw coal was processed by froth flota- 
tion to produce over 80 million tons of 
mineral concentrates. This required almost 
8 billion kilowatt-hours of electricity, 947 
billion gallons of water, and 1.4 billion 
pounds of chemical reagents. Of particular 
significance is the overall decline, since 
1980, in the number, capacity, throughput, 
and reagent consumption of domestic flota- 
tion plants, particularly those processing 
copper, lead, and zinc sulfide ores. 

The 1985 flotation survey has been modi- 
fied from previous surveys to ensure greater 
accuracy in reporting and to obtain a more 
detailed breakdown of reagent consump- 
tion. Therefore, some of the data may not 
directly correlate with that of the previous 
data shown in tables 23-27. The following 
list describes some of the assumptions made 
in the 1985 survey and some of the factors 
that distinguished it from previous surveys. 

1. In previous surveys, estimates were 
made to account for nearly all nonreporting 
companies, with the exception of coal proc- 
essing plants and small precious metal pro- 
ducers. Estimates were not made for all of 
the nonrespondents to the 1985 survey ow- 
ing to insufficient information, particularly 
for plants that processed only part of their 
production by flotation, most notably, those 
processing industrial mineral (nonmetallic) 
ores. 

2. The 1985 survey differed from previous 
surveys in that reagents were listed and 
grouped by their chemical identity, rather 
than by the previous mixture of generic and 
trade names. In the 1985 survey, modifiers 
have been differentiated between pH regu- 
lators and dispersants. Other reagents have 
been classified according to the following 
definitions:“ 

Collectors.—Reagents used to render the 
surface of the mineral to be floated hydro- 
phobic to improve the adherence of air 
bubbles to the mineral surface. 

Activators.—Reagents that enhance col- 
lector adsorption, thereby promoting miner- 
al flotation. 

Depressants.—Reagents that reduce or in- 
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hibit the flotability of a mineral. 

Flocculants.—Reagents that cause aggre- 
gation of small mineral particles into larger 
clusters. 

Frothers.—Reagents used to promote a 
froth of sufficient stability or permanence, 
principally by reducing surface tension, 
that is adequate to permit removal of 
mineral-carrying bubbles. 

3. Reported data on consumption of wa- 
ter, energy, and grinding media pertained 
to all operations inherent in the minerals 
processing plant; they were not limited to 
the flotation section of the plant and may 
include data on other separation or classifi- 
cation processes, such as gravity or magnet- 
ic separations. Energy consumption data 
were not reported for some ore types proc- 
essed by flotation. 

4. In past surveys, reagents used in ef- 
fluent treatment were excluded from the 
tabulations of flotation reagents if reported 
separately. The 1985 survey specifically in- 
cluded effluent treatment chemicals; these 
have been tabulated separately. 

5. Operating data have been presented on 
an annualized basis. Where plant capacity 
was reported on an hourly or daily basis, 
annual capacity was estimated using gener- 
al plant practice for the type of ore being 
treated. For example, sulfide flotation 
plants were assumed to operate 350 days 
per year, 3 shifts per day, while coal prepa- 
ration plants were assumed to operate 2 
shifts per day, 250 days per year. 

6. In previous surveys, reagent consump- 
tion was reported per ton of material proc- 
essed by flotation, and total consumption 
was calculated from plant throughput. The 
1985 survey canvassed the total consump- 
tion of reagent plus the quantity of reagent 
per ton of ore passing through that part of 
the circuit, as shown in tables 27-38. 

Data for the 1985 flotation survey were 
received from 171 flotation plants. Data for 
eight more plants were estimated from past 
flotation surveys and from production data 
reported on other Bureau of Mines surveys. 
An additional 55 flotation plants surveyed 
were determined to be inactive, and 161 
other plants failed to respond to the survey. 
Owing to insufficient data on their operat- 
ing status or production of concentrates 
from froth flotation, no estimates were 
made for these nonreporting plants. How- 
ever, it was estimated that 140 of the 
nonreporting plants were coal preparation 
plants, 8 were small gold or silver produc- 
ers, 4 were metallic carbonate plants, and 


MINING AND QUARRYING TRENDS 


9 were industrial mineral plants. 
DATA COVERAGE 


Sulfide Plants.—Consumption data for 
the five base metal sulfide ore nonrespon- 
dents, comprising 14% of the ore treated in 
1985 shown in table 23, were estimated from 
past flotation survey reports and 1985 mine 
production data reported to the Bureau of 
Mines. Data for the gold and silver proper- 
ties that did not report were not estimated 
owing to their relatively small size and 
uncertain operational status. 

Metallic Carbonate Plants.—Owing to in- 
sufficient data, no estimates were made for 
the metallic carbonate plants that did not 
respond to the survey. Reporting companies 
accounted for 100% of the data shown in 
table 24. 
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Industrial Mineral Plants.—Of the 12 
industrial mineral plants that did not re- 
spond to the survey, estimates for consump- 
tion data were made for the 2 feldspar- 
quartz-mica plants and 1 potash plant, 
representing less than 1% of the ore treated 
shown in table 25. Owing to insufficient 
data, estimates were not made for two 
nonreporting kyanite plants nor for nonre- 
porting glass sand plants. The data shown 
in table 35 for glass sand may account for as 
little as 55% of glass sand processed by 
flotation. 

Coal Preparation Plants.—No attempt 
was made to estimate data for nonreporting 
coal preparation plants, many of which 
were probably not operating, operating in- 
termittently, or no longer using froth flota- 
tion. 


RESEARCH AND TECHNOLOGY 


The economic pressures of the interna- 
tional marketplace have forced innovative 
improvements in existing froth flotation 
and other minerals beneficiation technology 
and have prompted the development of 
revolutionary new methods. Two new 
concepts currently being transferred to 
industrial-scale operations are (1) control of 
the electrochemical environment of the 
slurry, and (2) control of bubble size in 
column flotation. 

Froth flotation makes use of differences 
in the chemical properties of the surface of 
finely ground minerals to obtain separation. 
Bureau of Mines research has shown that 
changing the electrochemical potential of 
many sulfide minerals can be used to con- 
trol their surface properties and, thus, their 
flotation response. The principal reason 
for this is that the surface chemical reac- 
tions between collectors (such as xanthate) 
and most sulfide minerals are electrochemi- 
cal processes. Furthermore, the electro- 
chemical potential regions where the indi- 
vidual minerals float are sufficiently dis- 
tinct to suggest that precise control of the 
electrochemical potential could be used to 
selectively separate the valuable minerals. 
This would substantially reduce the need 
for chemical modifiers such as cyanide and 
the need for pH control reagents, such as 
lime. Consequently, the chemical accumula- 
tion that complicates downstream stages of 
a multistage flowsheet would be reduced, 
and significant savings in flotation reagent 
costs would be realized. 

The projected savings in reagent costs are 


the primary incentive for industry interest 
in electrochemical flotation technology. A 
typical copper flotation mill could antici- 
pate savings on the order of $1 million 
annually by eliminating pH control re- 
agents in pyrite-copper mineral separa- 
tions, for example. Other benefits include 
increased revenues from higher recoveries 
that result from improved selectivity, and 
lower operating costs that result from sim- 
pler flowsheets and fewer chemicals. 

In principle, electrochemical control is 
already being utilized in mill practice for 
the separation of copper from molybdenum 
by using the reducing agent sodium hydro- 
sulfide to adjust the electrochemical poten- 
tial of the copper minerals to below the 
flotation threshold. However, hydrosulfide 
losses due to oxidation have led to excessive 
hydrosulfide consumption. Consequently, 
some mills have gone to the expense of 
using nitrogen-purged flotation cells to re- 
duce oxidative losses. 

Column flotation cells are becoming more 
widely used in flotation mills. Column 
cells do not use mechanical agitation to 
suspend particles and disperse air. They are 
tall columns that can be considered as 
having two distinct regions separated by the 
ore feed port situated about two-thirds of 
the way up the column. The interaction of 
downflowing ore particles and the rising air 
bubbles below the feed port in the lower 
collection zone determine mineral recovery. 
In the upper cleaning zone, product grade is 
determined (almost independently) by the 
rising mineral-laden froth and the down- 
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flowing washwater. Thus, a single column 
cell can substitute for several flotation 
stages, as is the case in some copper- 
molybdenum separations where single col- 
umn flotation is achieving upgrading that 
previously required as many as seven stages 
of mechanical cells. Also, because air bub- 
bles can be generated external to the col- 
umn cell, column cells have the advantage 
of allowing for more efficient control of the 
bubble size. Bubble size is known to have an 
impact on metallurgical performance, es- 
pecially on recovery of fine particles. Bub- 
ble generators and delivery tubes developed 
by the Bureau of Mines permit adjustment 
and control of bubble size from less than 0.1 
millimeter up to 3 millimeters in diameter 
using a minimum quantity of frother. In 
addition, delivery tubes can be operated 
indefinitely without plugging and changed 
without interrupting operation when worn 
out. Increased utilization of column flota- 
tion cells should result in significant reduc- 
tions in both capital and operating costs as 
well as in improved metallurgy. 

For a number of years, improvements in 
beneficiation technology have been the re- 
sult of evolutionary extensions of present 
practice. Where mill throughput was suffi- 
ciently large, the trend has continued to- 
ward larger grinding mills and flotation 
machines. Several years ago, the largest 
flotation machines were 1,850 cubic feet. 
Today, cells are available with a capacity of 
2,500 cubic feet. Flotation circuits continue 
to be remodeled with fewer, but larger 
machines. Larger equipment reduces the 
number of units required, which helps low- 
er maintenance costs, reduces floor space 
requirements, reduces energy costs, and 
simplifies computerized process control 


systems. 

Introduction of angular spiral liners“ for 
grate discharge ball mills is the most signifi- 
cant recent improvement in commercial 
grinding circuits. When placed in service at 
the San Manuel, AZ, concentrator of Mag- 
ma Copper Co., grinding media consump- 
tion decreased by 19% and grinding energy 
consumption decreased by 16%. Similar 
savings were obtained after installation in 
Corporación Nacional de Cobre de Chile 
mills in Chile. These are substantial savings 
in the two highest cost areas of mineral 
beneficiation—energy and grinding media 
consumption. Further savings are resulting 
from a better understanding of the mecha- 
nisms of grinding media loss. Grinding me- 
dia (balls, rods, and mill liners) are consum- 
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ed through abrasion, corrosion, and frac- 
ture. Research“ has shown that the relative 
contribution of each of these factors de- 
pends on the metallurgical properties of the 
media (usually steel), the type of ore being 
ground, and the grinding conditions (wet or 
dry). Abrasive wear is influenced by the 
rheological properties of the ore slurry and 
is the dominant wear mechanism for non- 
sulfide ores. For sulfide ores, electrochemi- 
cal reactions between the sulfide mineral 
and the grinding steel increases the corro- 
sive wear. The electrochemical reactions 
also dissolve metal ions into solutions, re- 
ducing the efficiency of subsequent flotation 
steps,“ creating an environmental problem 
in effluent disposal, and affecting water 
recyclability. As a result, research into 
grinding media wear and the development 
of methods to reduce it are helping to 
reduce other production and environmental 


With respect to flotation mill size claseifi- 
cation problems, screen classifiers are re- 
ceiving attention as potential substitutes 
for cyclones in closed circuit grinding down 
to the 270-mesh level. Screen characteristics 
such as capacity, blinding avoidance, and 
screen cloth life have been improved, mak- 
ing them more cost effective. Vibrating 
screens up to 12 by 28 feet have been 
employed. Classification of grinding mill 
output with respect to mineral as well as 
particle size would help reduce overgrind- 
ing and energy consumption. Mineral- 
specific classification would enable the re- 
moval of a mineral as soon as it is liberated, 
whether or not it has been reduced to a 
particular size. Incorporation of a flotation 
cell into the grinder output just ahead of 
the hydrocyclone size classifier (flash flota- 
tion) is one method of mineral classification 
that is currently being evaluated on a 
commercial scale. 

Automatic control is being applied to an 
increasing number of flotation concen- 
trators. However, fully automatic control 
using advanced computer technology has 
yet to be realized. Problems include lack of 
appropriate sensors and lack of a sufficient- 
ly detailed model of the processes being 
controlled. The most important sensor in a 
flotation control system at present is the on- 
stream X-ray analyzer, which provides 
chemical analysis of the metal content of 
process streams. Mineral content, the 
parameter needed for control, can only 
be inferred from these chemical data. 
The problem is particularly acute if the 
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and consists of a complex mixture of sul- 

fides. Based on elemental analysis alone, it 
is difficult to distinguish, for example, be- 
tween chalcocite (CuS,), cubanite (CuFe,S;), 
chalcopyrite (CuFeS,, and pyrite (FeS,). 
These minerals have very different flota- 
tion properties and require very different 
conditions for optimum flotation. Research 
continues to develop more comprehensive 
models of flotation systems and to identify 
new control parameters to more fully utilize 
the advanced procees control technology 
available today. For example, the Commi- 
nution Generic Center at the University of 
Utah, sponsored by the Bureau of Mines, for 

example, is conducting research in particu- 
late characterization by automated image 
analysis for the measurement and predic- 
tion of mineral liberation. If this technology 
can be adopted to on-line measurements, 
mineral content would be available as a 
control parameter. 

The search for more selective reagents 
dominates industrial flotation research 
efforts. The first comprehensive confer- 
ence devoted exclusively to mineral process- 
ing reagents, “Reagents in the Minerals 
Industry," was held in Rome, Italy, in 
September 1984. The domestic minerals in- 
dustry uses flotation reagents worth more 
than $180 million annually. However, cus- 
tom designed reagents are generally made 
by chemical companies only for the larger 
deposits because of the costs of the research 
in comparison to the size of the market. 
Several new thio reagents have been claim- 
ed in the patent literature to be effective 
collectors for sulfide minerals. Further- 
more, the reagent picture for sulfide miner- 
als is likely to change substantially as 
electrochemical control becomes commer- 
cial practice. The need for oxidizing and 
reducing chemicals should increase, with a 
corresponding decrease in the need for cus- 
tom designed collectors, modifiers, and pH 
controllers. 

New developments in magnetic separa- 
tion technology include higher fields, result- 
ing from industrial utilization of supercon- 
ducting magnets, and selective magnetic 
coatings. Present applications of magnetic 
separation include removal of contaminants 
in silica, quartz, feldspar and other oxide or 
industrial minerals, and improving the 
"whiteness" of particular clay minerals. 
Magnetic separation offers several potential 
advantages that include separation based 
on a bulk materials property instead of a 
highly variable surface property; better fine 
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particle handling; no requirements for 
chemicals such as cyanide, avoiding con- 
tamination of products or effluents (a dis- 
persant may be required for some applica- 
tions); dry processing capability eliminating 
the need for water; and more facility for 
automation. Mineral processing flowsheets 
need to be reexamined for the potential use 
of this new magnetic separation technology. 
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Table 19.—F roth flotation plants operating in 1985, by type of ore and State’ 
Type of ore and State Number 
Anthracite coal: Pennsylvania. A 2 
. i 
Newari ts HIER M NEM EEN 1 
Deene Ee ete rh NIRE DER 2 
Bastnaesite: California eebe get ————————m 1 
Bituminous coal 
%%% ol QQAQGqGAꝗ³—.AAA eee I mE eae 2 
Colorado EE 1 
NS LE 
Maryland: o oci e Sees io ce EE 1 
J uoo LRL eee ee ee uiui cnc ree eu 8 1 
Ohio JJ 8 1 
Pennsylvañia ß du ññę⁊ E ed E 1 
FFF i 
CC vv a ee eee 1 
Wes Virginia- ̃ ˙˙ c dddd aude Ede mL 28 
EE 76 
Borate: TT TEE es 1 
rei ü ⁵ↄ dd õ ns ty ³⁰Ü¹wmqĩ§ĩè ⁰⁰ꝙd ]ðè K y RES 3 
Idaho EE 2 
Montana 2.2252 oo ee ee ee yſ yd cd A EE 1 
New Mexico m ;.; y ⁰⁰m cee er et oad e RP E 2 
Total dox ee ee De A ee eae LAM A mA m ae 8 
Copper-lead-zinc: Missourrr2ALVIAuiu sss -MMMM 8 
molybdenum: 
PHOHN eet ee ra 6 
Utah- ea a uus RI ß ea) y pie 1 
7/ö.Ü U—P .. /d ³éð A ³ ³ el a 7 


See footnote at end of table. 
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Table 19.—F roth flotation plants operating in 1985, by type of ore and State’ —Continued 


Type of ore and State Number 
Copper ine iron: Tennessee RX2æ 1 
Felds par- mica- quartz: 
enen... d eee ete 
e ꝓꝓꝙęfꝶf ee E ee et oe 8 1 
f AA. ³ðVWQA.. alee ee Ee 7 
ße dd ß SE TOOT Ed Ce 10 
Glass sand 
CRIOFDIÉ oou uer E SS teu EEN 2 
See ee eta RUM rt nx eT 1 
j ³»ͤ˙w et EE a eg a acetate AL eR ML IE Ae e 1 
Mithivan ecc uoc umida ae we ere y eee wee ere ME Ed 2 
Pennsylvania ß ß e UE RA EE eer a ee eee a eee 1 
IT ⁵ð⁵ / ðↄ // EE EE 1 
%ͤRͥ² oõoVVAUVU ff: EE 8 
God: Nevada ĩ˙ͤÄ ]ð¾ĩ «rᷣ˙ . ͤ ß E:: he E ae ce 1 
Gold-silver: 
lda hot os oen dd ee 8 1 
Montani sg cemere caa rie cau Wa imum eu E a e miguel ⅛ K ME M E E E DN re 1 
% lu. ienl cdam mui uu eu DC E mE mau MC ME M 1 
j dor Eu ee e ¹Üꝗÿ e 3 
Iron: 
TJ Sete ee ea h eL EE LL eh et EE 2 
r p a se ee oe ei a l 
Total cu oa o ce a cs E ER ͥͥͥ es ae e MEE 4 
Lead rinc: 
SET, EE EEN 2 
7 ec a un e E ³ð ⁵ ↄ ↄ ² ͥ ̃ ⁵ y y ĩ EL E est 3 
JJ ³˙·R . dd Ee ĩ et EE a 2 
New-York. õ ⁵ĩ˖˙¹im.... ⅛ĩð2ͥ = A ⁊ĩxL ⁰ͥ⁰⁰yꝑp y has la 1 
e PROBARE Pe Aa any Sct earn Re NR HN PCM UE NN Ret A c P 0 ß pe ES S 1 
%% Sen teh ˙ͤ yyy e LU E es 9 
Limestone-magnesite 
Maryland PPꝑ:f ð ] ] ]] ð . EE 1 
TNO VRC ats a a a i ue mE ee i EE 1 
C EE ae MN st eee NE 1 
Vermont- ci c DR diat a mu LEM LE ELA E Cree 1 
5.1 Sz, cats RETO M e oe SP y mt 8 4 
Merury: Beggen et ct a Se C ELE E 1 
Mol um: 

E, e ase uL c c va Mme ee a efte 2 
/ ͥͥͤͥ³¹.iͥ ³¾ 5 ]³ꝛmmp.ʒ A MR EE 8 1 
, ß ele 1 

%%//%/òũ are ace a r d EEN 4 
Phne phate: 

orda aaa en OR RORIS TOR NN Same 0h yd è dd ECRIRE Is ACRI ·¹Ü¹. EK 20 

nee cu oS en te ³ dy d Ee eae 1 

eS ta gees eats Be at es ene LM Dn EE 1 

Total: car ͤ r :::: te, oe at ey ee 22 
Potash: 

New VOC EENEG 4 

!!ͥũ ³ TOP ·o/dſdſdꝙſꝙũsſdſy ENEE y NM IE ee 1 

// OUR EORR PRENNE RACER SPERM eS ee Te ⅛ m CREER ⁰ʒʒʒ HER NEC 5 

Silver (dane EE ³Ä¹AA pe m0. t eee rame 8 1 

ge SËNN TEE . . . ode pathy a 1 

JJJJJJ//0J00%0%0% ⅛ ·⁰¹¹ d ⁰⁰yydddddd ; Re aes ra EEN 1 

Vermiculite South Carolina ____.________ 1 

Anc OU ͤͥ ³»˙ã n?b ñrß vx ð y k m — 4 

Grand CERT. oos ² o ĩð2, ͤ0 ð ͤ ys K K EEGEN — 179 


Includes only those plants responding to, or estimated for, by the Bureau of Mines. 
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Table 20.—Flotation mill production and consumption in 1985 
Energy used (kilowatt; water used’ (gallons) 
Per ton 


— 
i 


BER SESBSESKBSSZIBIESEEERS 
l| rte 
&3 


31888888888 EERE 
un T 5e fr 1 


UA te d! !1 (00 01 049 004 Ig 


uf d 


388888888 888888838808 
ik d Ssh eae = 


NA Not available. W Withheld to avoid discl 


makeup and reclaimed water. 
ted average only for company reporting this data. 
udes concentrates produced by other physical separation methods. 


Includes new or 
*Weigh 


*Excl 


47 


MINING AND QUARRYING TRENDS 


gurpunoi 1uepuedepu: jo oen uoeq uaous gien on ppe you uu gg, 
len PUBID,, PUB, e., ut pepnout ‘wep £re3eudoud 3uopuodso: Surso[»stp pioA€ 03 play! A A 


re £98'8Z 006'LE St era mert 286'098 1 616'19 CIS Vie. ee ere e pu 
St 8281 820 1 SS 1182 85778 SLL - S £16'9 -------- -eoo snourumjm pus eyowrqyuy 
= LAT t89'01 167 ll OsT'T 192 LL1 9 969˙5 109688 SC 1% 
I vi E A A SS SS A 3. 8 
> M M T A A pe S li J) A NSL 
=e we ai p L8? SLL 991 2611 KÉ Klee) 
3 999˙1 org 921 6l ert 918.891 N 7112 990. LZE 33 8 neydeoug 
: 02 01Z yt SE 72 Lg 9€ 02 EE TSS EE pues eet 
: 66 L107 Sie ves 691 05 66S 095 8917 5 ~~ muenb-soru-redspjag 
pis as SR D A Ha = K T „„ eye1og 
D me Mx SS Se S A n M A E ` Meveuweg 
x SS SS e SS = ^ es ^ WEE anueg 
»Squ1euru [euisnpu] 

182°S 09 81 968 05 0828 Al er LEI 9L S6L'SE C 1 

rt 699 178 = Ss LI ii s wo. E ueysdun], 
SS d 9L Se 9 S GI 879 MERA SE MNT ĩè 
Lee Steet ege eer? DA 907 962'19 9L 889 8 geng ¶ꝗ „„ uou] 
DI vos't 9659 9S8 061˙1 119 ˙6 297 1e 988 T1 ere We EE EE deal 
ES p S SS 67 SIT S Ust = 191 MEE NR DM MN. 
M pin > = ^ A M D WEE J9ATI§ 
cs s nie 20 SS II 009'6 p gert fr umuepq cio 
Sp SS SR 2 2 91 - SS SS 8 3 
97 201 918% =r 8 LIZ 86 y89 +69 In ÿl ß!!! I 
pu in ae - ge I 76 S pii JJ cec rer glat Ae 
= m a SS SS ^ : " » d „„ pil. 
91L 28 298 928 8*9 Di 968698 g19'91 62892 Lye'9 VVV 
^ duh Ss RE M M M ^ M Vb 224400 
vL Zeri 89 106% 892 Y g "Epgmg 
gg 

3 

l SOL) na 1 MEd eee sopo eee “SARV r e exo jo edA], 


adk ozxo £q ti uy s)yuwyd uopyu30j 39 naue jo uopdumnsuo/)—-rz ergeet 


48 MINERALS YEARBOOK, 1985 


Table 22.—Consumption, value, and function at flotation plants in 1985 


Consumption 
Function and name Total Pounds 
pounds) per ton 
FLOTATION REAGENTS 
Collectors: 
Ethvixantháte ·ĩ ] ˙.WMſdͥ7 ũ Tr a Oo oe ⅛ ÄↄÄ ie 8 1,833 0.041 
Aen. ð Ae E ah eta 141 .014 
Isopropylxanthatt!))))hhhß!! 4 702 013 
mëi E XanthalB-. EEN 123 .006 
Unspecified xanthates __- --------------------------------=------ 224 .006 
Alky! dithiophosphate r ³ðVD 1,232 .018 
Fd yy ͥ yd ⁰⁰ 49 065 
Unspecified dithiophospha te 444„ 64 .024 
Xanthogen formate -~ - - ----------------------------—--—---- dese 48 .006 
Thionocarbamate EE 952 017 
Mercaptobenzothiazole2sssssss +--+ +e 38 .010 
Mixtures of thio reagent ------------------------------------- 338 .025 
Unspecified thio reagents `- ------------------------------------- 26 .003 
(et ae EE 885 .177 
Secondary amine __________--_.-_.---------------_~- +--+ — 4,847 .223 
RTE 241 .027 
Unspecified eee mee quy radi are M cq e Er dE 5,418 718 
Amen ]ð ͤ 0 6.891 221 
i ⁰o· . ³ V AAA AAA 11.306 305 
arternary ammonium sallgdgd ggg 1.874 221 
atty and rosin acids and o ß „„ 156,373 1.385 
Fatty acid ester EE 186 .150 
Fatty acid derivative = ᷣ ⁰⁰yddd eee d 11,221 .190 
Petroleum sulſonat᷑eeeeen „„ 500 309 
Petroleum derivative eee 11,001 470 
Unspecified sulfide collector „ 795 .028 
Unspecified nonsulfide collectorrdʒ- „„ „„ 90 057 
Phosphorus derivatives. `- ------------------------------------- 18 .060 
SUIT EE EE 564 3.360 
))! n du a Mu E cu o y 145,783 .544 
KeroMng ß ß M E EE EE 9,341 .131 
GV ĩ ]V² ⁵ðV”.ñö EE 610 140 
J%J%%0%0õͤĩÜ—ͤ.˙¹'0m2ũ 8 974.312 
J occu nedum cd Lc nM EECH $75,361,184 
Depressants: 
Caustic soda crues y J P ata ey 24 2.000 
F/ ͥõ⁰m ð ð 525 1.144 
Phosphorus pentasulfide. _........--.-_---.---------~-------- +e 2,816 .190 
(e ZE 3,890 318 
Sodium dichromate -` - - - - - - - oes ð 311 .210 
Sulhdesáll EE 19,745 1.762 
Sodium ü ꝙ TP Uw y ĩ 8 1.905 202 
Sodium silicoſſuoridleedmn»d̃ ee „„„„„„ „„ 940 
Cf! ⅛oK dds ͥ⁰/ydddddd ⁰ AAA eg 2,141 299 
Lignin derivatibvdddʒd̃ ee 35 .300 
Starches, celluloses, derivatives. |. - ---------------------------—- 34,277 1.669 
Gums and dextrans 1 - - 22.0 ce ðꝛ ˙iðU A eee ces 1,732 .208 
Steen mt 55 030 
nspecified depressant- t 101 023 
J/ꝙ)%%%é%C»%“» f EE 124 9.000 
/// odd re eaten ee 67,91 
Ill eh ge al mac Sree e ³ĩ 8 $14,725,536 
PH regulators: 
Hydrochloric EE 156 .059 
C EE 157,959 1.486 
lU ée, TEE 1,624 787 
Carbon dige. Á—— 14,846 .830 
Caustic soda (NaOH) -~ - -2 --------------uuMMMMMMMsMMMMņMIMMħ 57.191 1.327 
%% ĩ˙ↄ Add ³ dd ĩ y D Ie eet 598,726 2,768 
Soda sil... c tes a Oya tee eens mua vx. y EE 2,088 5.210 
Ammonia or ammonium hydroxid·eeeekkkke c2 2 eee 28,392 
Total pounds d uu MR RE dee 860,982 
QUID ³˙oꝛꝛͤtꝛʃr ea ĩ˙¹wq y ale ene y h Chek. SSO SOO Loe 
Frothers: 
Wipe ⅛ «v y 6.594 .049 
CCõĩ⅛”“˙n. ³ ³Ä³³³A. 0=¼ ⅛è-oK mt 8 1.090 .025 
Phendl-. gist ll ecc uva Rte 0kß yßd mts y 77⁷ 036 
FI ⁰⁵à dd mm y hs E 81 .093 


See footnote at end of table. 
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Table 22.—Consumption, value, and function at flotation plants in 1985 —Continued 


Consumption 
Function name Total 
= (thousand a 
pounds) per 
FLOTATION REAGENTS —Continued 
Frothers —Continued 
Polygiycol ether |. owe Dmm dem Emme EE a E 1,679 .029 
Unspecified polyol. . y e 032 
banda . % ³·5Üſͥſ ee E 1.516 
Total pou olco ol EN 14,941 
TT $8,817,894 
Flocculants: 
Aluminum salts _____________ A ee 819 144 
Anionic potynerylamide d „„ 1,754 .007 
Cationic polyncrylamidedʒ‚ „„ 166 .026 
Unspecified polyacrylamide________________-._-_-_--_------------ ivi 927 
% ͤ Ü ! A ⁵ A eee Se see : 
Poiyacrylats oe es Sos ee ee oe eee su e D 8 012 
e, ß ß e eee necem E 486 2.499 
TT EE ts Sa se x LI E 21 .001 
e d e Lala ec 2,379 214 
/// I——-———————————— 8. 
VAN TT Add NU ʒ en $5,166,789 
Activators: 
cod e ß DN EC 14673 Se 
um or hydrosulfiddʒdꝛʒ 222222222 d . 
Siam — 7 ⁵⁵ ß 750 
r d v a ee ee ce 16 028 
KIT ⁵ ⁵⁵ D 18. 
JJV ⁰˙¹ð1ſdſd ⅛ ſ ⁰ͥ⁰ꝗ⁰² ͤukßd ⁰:b= . 8 $8,171,890 
9 uU c rec nnr; ⅛ EEN 8,204 .099 
Polyphosphate EE 924 .028 
Total pounds `... ee eee 4,128 
dh TEE $1,059,555 
Total reagents: 
Pousds tec ERE RETRO oe a 1,347,314 
d TEE EES 50,263,042 
EFFLUENT TREATMENT 
ENTS 
pH i 
na es els ree es et ee 9,879 4.181 
Caustic soda (Net)... „ ͤ«ͤ„««%%ért 1,788 78 
)))b!lõ EE 26,284 1.317 
Total e pag aN ew a SQUE TEUER EEN $7 
Ch TEE $2,244,760 
A TEE 7,486 M 
Anionic JJVGCGCGCVGGGGTCTCVö v...... 8 2.758 081 
Cationic ME o e T S S p TL. Pa en a cE E RA 275 
Nonionic polyacrylamide do 9 .195 
Unspecified polyacrylamide. _ _.___.__..._._ cc L22 LLL 222222222 974 .015 
FF 5 2 
Jb.; ⁵ EE 8 26 .820 
— or — J Sa eget Eeer 11 BO 
U GUN as cee et se etl ere a 11,789 .161 
Total BORNE Lco Lo i ee E 23 
OY TEE $14,185,648 
jig Pap E te ae EE 2,682 10.600 
%%% "EEN 2, 
Vd TE yd y eee 88 $174,830 
Total reagent: 
PU uu ee EE ; 
ii TEE EH $16,604,788 
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Table 22.—Consumption, value, and function at flotation plants in 1985 —Continued 


Consumption 
Function and Total 
ES (thousand Weieen 
pounds) per 
OTHER REAGENTS 
Filtering aids: 
Nonionic surfactants. g]? 6,391 .199 
Polyacrylamide 5-26 EE ĩ 8 86 .028 
anne JJ ⁵ V 844 216 
Unspecified polymer ~- ----------------- ⁰y Et ee Eius eee 782 270 
„ dd 8. 
/ py ⁰˙ EE $5,670,295 
Grinding aids: 
Sodium hexametaphosphate ___.__.____.....--------------------- 7 500 
Total TEE 7 
Valüë PCT Om MS $4,080 
Data may not add to totals shown because of independent rounding. 
Table 23.—Froth flotation of sulfide ores 
1960 1965 1970 1975 1980 1985 
Operational data: 
Number of plants 95 108 105 86 71 42 
Capacity of plants! 
short tons. _ 191,100 217,700 $01,700 846,500 854,400 278.718 
Ore treat do 55.100 200,800 281,700 278,400 279,900 100 
Concentrates produced do- 5,855 7,213 8,863 7,395 1,356 8,178 
Concentration factor 26.5 21.8 31.8 37.6 88.1 28.5 
nt consumption: 
llectors . thousand pounda. . 25,346 23,983 82,133 21,912 88,704 
Depressants do- 6.888 10,863 17,061 33,313 51,433 29,426 
Activator do 7,859 8,983 8,488 11,333 7,580 17,896 
Modifier:* 
pH regulators in flotation 
„„ do.... NA NA NA NA NA 621,457 
pH regulators in effluent ‘ 
1 do NA NA NA NA NA 5,296 
Dispersants in flotation 
do.... NA NA NA NA NA 856 
Dispersants in effluent treat- 
ment do NA NA NA NA NA Du 
Total do 489.707 765.677 1,198,743 1.107.425 864,791 627,106 
Frothers ___.._._.- do 12,411 15,502 20,612 18,814 17,717 9,611 
Plocculants:* 
In flotation.. ..- do 1,129 551 2,624 4,108 1,984 1,190 
In effluent treatment 
do NA NA NA NA NA 1,804 
Total do. ... 1,129 551 2,624 4,708 1 2,994 
Other reagent: Filtering aid is 
do NA NA NA NA NA 1.176 
NA Not available. 


! Annual capacity for 1960-80 calculated from daily capacity assuming 350 operating days per year. 
*Only the totals are available for historical data, which excludes effluent treatment. 


MINING AND QUARRYING TRENDS 5 


D 


Table 24.—Froth flotation of metallic carbonate and oxide ores 


1960 1965 1970 1975 1980 1985 
Operational data: 
Number of plants 13 14 13 13 13 9 
Capacity of plante! 
short tona. . 4,900 6,800 22,750 31,500 52,850 41,059 
Ore treated ________ do 2,854 16,079 22,213 30,149 42,903 24,490 
Concentrates produced do- 941 7,086 13,040 15,582 24,049 19,670 
Concentration factor 3.0 2.3 a 1.9 1.8 
t consumption 
ectors thousand pounda- 22,573 23,69 31,819 22,931 18,487 6,515 
Depressants ____.___ do____ 0 1,588 : 18,226 30,393 33,798 
Activators _________ do- 1.280 - i NS Se 16 
regula tors in flotation 
x: 2i do. ..- NA NA NA NA NA 61,471 
regulators in effluent 
treatment _ xu do NA NA NA NA NA 20,898 
Dispersants in flotation 
do NA NA NA NA NA 8,280 
i ts in effluent treat- 
ment do NA NA NA NA NA EUN 
Total do 6.639 15.280 31,635 39,457 793,053 85,655 
Frothers __________ do 1.345 865 164 397 808 433 
Flocculants:? 
In flotation ______— do- 1.306 458 220 1.985 19,135 1,347 
In effluent treatment 
do... NA NA NA NA NA 18,460 
Totaal do- 1.306 458 220 1.985 19,135 19,807 
Other ts: 
Filtering aid do- NA NA NA NA NA 5.231 
e eU 8 NA NA NA NA NA 


"Revised. NA Not available. l 
Annual capacity for 1960-80 calculated from daily capacity assuming 350 operating days per year. 
Only the totals are available for historical data, which excludes effluent treatment. 


Table 25.—Froth flotation of industrial mineral ores 


1960 1965 1970 1975 1980 1985 
Operational data: 
Number of plants 55 64 56 15 15 51 
Capacity of plants! 
thousand short tona . 50,400 66.850 132,300 163,650 196,400 184,813 
Ore treated |... oe 36,191 52,653 80,963 100,939 149,850 137,351 
Concentrates produced do- 11.888 17,376 23,823 29,111 42,812 711 
Concentration factor 3.0 3 3.4 3. 3.5 2 
Reagent consumption 
thousand pounds. . 163,967 188,119 528,669 845,208 431,942 339,602 
Depressants ________ o. 9,231 4,346 11,023 7,314 11,719 4,695 
Activators... ___ 55 2,988 511 393 1,122 
Modifier:? 
pH regulators in flotation 
pod. NA NA NA NA NA 177.267 
pH regulators in effluent 
treatment do- NA NA NA NA NA 10,684 
Dispersants in flotation 
. vom NA NA NA NA NA 491 
Dispersants in effluent treat- 
ment do NA NA NA NA NA 2.682 
Total do- 82,456 54,889 161,470 112,639 116,819 191,124 
Frothers __________ do... 2,475 4,870 2,863 4,140 6,508 1,150 
Flocculants:* 
In flotation. _ do- 875 3.207 75¹ 2.477 2.614 1.187 
In effluent treatment 
do NA NA NA NA NA 1,777 
Total. do 875 8.207 151 2,477 2,614 2,914 
NA Not available. 


Annual capacity for 1960-80 calculated from daily capacity assuming 350 operating days per year. 
"Includes fuel oil used as an extender or activator. 
*Only the totals are available for historical data, which excludes effluent treatment. 
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Table 26.—F roth flotation of anthracite and bituminous coal 


1960 1965 1970 1975 1980 1985 
3 of t- EE 31 69 66 78 80 77 
Ca of ts 
aide o short tons. _ 6,750 11,750 15,600 16,075 19,575 36,278 
Raw coal treated do. ... 4,112 9,500 13,006 18,079 12,901 27,720 
Clean coal produced do... 2,795 7,033 8,418 8,179 7,557 19,540 
manger consumption: 
lectors . thousand pounds. . 8,142 4,055 7,772 4,615 4,917 5,918 
zi i in fl 
tors otation E 
SES Ge do 1.609 298 2,716 298 26 779 
tors in effluent 
treatment do- NA NA NA NA NA 1,023 
Total do 1.609 298 2,716 298 26 1,802 
Frothers ________-- do 585 1.555 2,564 2,668 3,044 3,748 
Flocculants:* 
In flotation.. ___ do 394 2,301 2,204 1,303 8,521 2,811 
In effluent treatment 
do NA NA NA NA NA 1,823 
Total tee T us 394 2,301 2,204 1,303 8,521 4,634 
Other reegent: Filte à 
ES do. NA NA NA NA NA 1,647 
NA Not available. 


3 Annual capacity for 1960-80 calculated from daily capacity assuming 250 operating days per year. 
?Effluent treatment not available for historical data. 


Table 27.—Froth flotation of copper in 1985 


OPERATING DATA 
Plants: Energy used, kilowatt-hours: 
Number f 33 ² eet E eevee Le ee million 63 
Design capacity" . thousand short tons. . , ton ------------------- : 
Ore treated: Rod consumption, pounds: 
quantity FCC do 68,815 ll! ere thousands_ _ 7,402 
rade: Per tons 0.385 
Copper 7. percent. 0.85 Ball consumption, pounds: 
Gold troy ounce per ton 0.001 Ill thousands. _ 90,015 
ES Silver.. ------------- do. ... 0.326 Per ton! 1.308 
used, gallons: Liner consumption, pounds: 
Total Ss es eae millions 47.687 Steel total! thousands. _ 3,706 
New or makeup ___________ do 12.627 Per ton gs 0.092 
Reclaimed... __ do 35.059 Rubber total thousands. _ 48 
Per ton- unctus oa i e 693 Per ton? _________________. 0.004 
CONCENTRATES PRODUCED 
. Byproducts 
tity Grade Recove 
ene nd ry Grade 
Type Abort tone (Percent) (percent) Type roy ounce Recovery 
per ton) porcen 
Copper 1.853 25.02 79 Silver 11.277 88 
Gold 013 49 
REAGENT CONSUMPTION 
Total Per ton 
Function and type tity Value Quantit 
( nd y Value 
pounds) (thousands) (pounds) 
Notation reagents: 
Collectors: 
Ethylzanthate ._------------------------ 632 $354 0.028 $0.015 
y thate `- ------------------------ 307 194 .025 016 
oprog itanthate Ee 154 104 .005 003 
Alkyl dithiophosphate ________________-___. 629 546 015 018 
l8 o ooh una aa 146 202 011 015 
Mixtures of thio reagent 338 473 .025 .035 
Unspecified thio reagent 26 18 .003 .002 
„ d a 2,232 1,891 XX XX 
8 anide . own rece 4 014 012 
regulators: Lime `- --------------------- 224,268 10,667 3.397 162 


See footnotes at end of table. 
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Table 27.—Froth flotation of copper in 1985 —Continued 


Total Per ton 
Function and type tity Value Quantity 
( ar (thousands) (pounds) Value 

Flotation reagents —Continued 
Aliphatic alcoboͤllMmmtttſmmmmmltm.m”m-kdwm 4 1,044 $650 .037 $0.023 
ipeo. eer Lo ies eee 8 211 116 .021 .009 
Polyglycol eher... 20 20 .006 .006 
nspecified polyol. - --- ------------------- 1,566 834 041 .022 
77%%VT́ꝙ ß . Lu Me um 2,901 1,620 XX XX 

Flocculants: 
Aluminum salts ... 2L LL cL 2l2 lll 155 22 055 .008 
Anionic polyacrylamide `... 74 46 .026 .016 
Nonionic polyacrylamide. - - - - -------------— 111 200 .006 .011 
Unspecified polymenrnrnrnrnrn 113 65 .036 .021 
kV GE 453 333 XX XX 
Effluent treatment: 
Anionic pol TT TEE 136 109 .009 007 
Unapecihe polyacrylamide - - - -------------- 694 386 .024 013 
/;öoÜ—0Odſ 602 452 034 026 
2%; y 8 1.482 947 XX XX 
Filtering aids: Nonionic surfactants. - - - - - ----------—- 4 49 .008 005 
XX Not applicable. 


These values are for the flotation section only and would exclude material processed by other separation methods. 
Other operating data cre for the entire plant (grinding mill and concentrator). 
* Weighted average only for respondents reporting this data. 


Table 28.—Froth flotation of copper-molybdenum in 1985 


OPERATING DATA 
Plants: Energy used, kilowatt-hours: 
Number ____- -_-____.-.-------- 7 S!. é million 1,664 
Design capecity' thousand short tons 165,966 CCC ĩ oe Ge 13.2 
Ore treated:! Rod consumption, pounds: 
Quantity 3 ĩðͤ E do 125,766 Total ! thousands 11,206 
Per ton 0.556 
S eet percent. . 0.54 Ball consumption, pounds 
Mol um ---------- TN 0.05 l! thousands. _ 133,713 
Gold... troy ounce per ton 0.002 Per ton l 
Silver 6 ------------- do- 0.030 Liner consumption, pounds: 
Water used, gallons: Steel total thousands. . 16,388 
POSU M WP eee ete eet millions 49.465 Per ton? `` 22... 0.161 
New or makeup do 20.728 Rubber total thousands. _ 15 
BEE do 28.736 Per ton?gqgn Lc- 0.002 
Per f ooa eae 393 
CONCENTRATES PRODUCED 
tity Byproducts 
Grade Recovery 
Type (thousand Grade 
per ton) pe 
Copper 2,052 27.46 83 Gold ....... 0.054 62 
Molybdenum __ ____ 32 48.64 25 Silver 1.467 81 
REAGENT CONSUMPTION 
Total Per ton 
Function and type ntity Value Quantit 
(thousan y Value 
pounds) (thousands) (pounds) 
Flotation reagents: 
Collectors: 
Ethylxanth ate 417 $250 0.022 $0.013 
Amylzanthate `. ` ee 261 167 .007 .004 
Ixanthate. . | Le 70 50 .004 003 
tylxantchannnee Lc c2c ccu 123 84 .006 .004 
nspecified Lantha tes 224 388 .006 .010 


See footnotes at end of table. 
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Table 28.—F roth flotation of copper-molybdenum in 1985 —Continued 


Total Per ton 
Function and type antity Value Quantit 
(thousand y Value 
pounds) (thousands) (pounds) 
Flotation reagents —Continued 
Collectors —Continued 
Alkyl dithiophosphate --—------------------- 405 $352 .021 $0.018 
Unspecified dithiophosphate _______________-__ 62 93 .023 .035 
Xanthogen formate _ - - ------------------—— 48 80 .006 .010 
Thionocarbamatte 709 1,426 018 037 
Unspecified sulfide collector. TE 765 560 .028 .020 
Fuel TEE 2,207 442 .037 .007 
Kerosene EE 55 10 003 001 
T.... IO s De 5,346 3,902 XX XX 
ressants: 
Phosphorus pentasulfide __ -- - --------------- 1,926 573 1.068 318 
See! e E ae 3,652 1,543 .680 .287 
Sulfide aaldddd „4 „„ 19.649 3,587 6.874 1.255 
Sodium silicate... - - - - - -- ------------- ll 102 20 1.720 .944 
TOt oi oc ; ei A es 25,329 5,123 XX XX 
Activators: Sodium sulfide or hydrosulfide____________ 14,613 6,576 677 305 
pH regulators: OA ee ee 
Sufus cuu m ee ie 2,263 7 7.040 .021 
Caustic soda (NaOH) . ------------------—— 3 1 057 020 
Tir CER ³ĩð EE le 357,129 12,158 2.839 .09 
rr sx Ds 359,395 12,166 XX XX 
Frothers: 
Aliphatic alcohol 2,936 1,532 .051 .02 
FF 227 77 012 .004 
NEE 777 505 036 .023 
Polyglycol eher... 219 133 .006 .004 
Unspecified polyol. —- - -------------------- 587 232 .021 .008 
tele ee 4,746 2,479 XX XX 
Flocculants: 
Anionic polyacrylam ide 157 110 006 .004 
Nonionic polyacrylamide_ -- 52 122 .003 .007 
, e ée 374 250 010 007 
Unspecified polymer Lll lll l 66 98 113 .099 
%%ö%»*ͤo ut x 649 540 XX XX 
Dispersants: 
Sodium silicate. 2 LL LLL Le 51 10 .160 .032 
Polyphosphate - - - ---------------------—- 273 169 .016 .010 
ß6iIi!!!ůĩi.i NEUE E 324 179 XX XX 
Effluent treatment: pH regulators: Sulfuric acid |... 352 1 1.056 003 
Flocculants: 
Anionic civacrylamice E MAC NOR NUN ARMES KK 6 13 .020 .043 
Unspecified polyacrylam idee 211 183 011 009 
Unspecified polymerrrn -______ 46 34 .002 .002 
Total nno A ue kite 263 230 XX XX 
Filtering aids: 
onionic surfactants |... ~~. ~~ ~______.____ 701 513 700 512 
Unspecified polymer 15 8 .255 .135 
Ke WEE ß e LU LL E aerei 716 521 XX XX 
XX Not applicable. 


These values are for the flotation section only and would exclude material processed by other separation methods. 
Other operating data are for the entire plant (grinding mill and concentrator). 
Weighted average only for respondents reporting this data. 
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Table 29.—F roth flotation of lead-zinc in 1985 


OPERATING DATA 
Plants: Energy used, kilowatt-hours: 

NMunttttt eme 9 Total e ee millions. _ 63 
Design capacity! _ thousand short tons. _ 4,824 Pr 17.7 

Ore j Rod consumption, pounds: 
quantity 9nd TUERI do 8580 ` Total _--_------- thousands_ _ 258 
Per ton? __________________ 0.090 

Gne ce AE percent. . 5.87 Ball consumption, pounds: 

Silver troy ounce per ton. _ 1.976 C ousands_ _ 1,792 
37 o... 0.059 Per ton? __________________ 0.511 
E percent. _ 3.84 Liner consumption, pounds 

Water used, gallons: Steel total! thousands 152 
SIME millions. — 1,860 Per ton? ~ 0.054 
New or makeup `... do... 1,602 Rubber total thousands_ _ 17 
„V do... 257 Per ton? __________________ 0.170 
Per ton.. `- oe wx eee 520 
CONCENTRATES PRODUCED 
Byproducts 
Baier Grade 
Type ( and 5 8 Ty percent 
or tro 
short tons) pe Kete pef (percent) 
ton) 

Lee 271 74.21 96 Silver 20.700 78 
Zinc -.------ 5.18 4 
Gold... 1.065 18 
Copper 1.30 62 
e 188 55.28 90 Goll 073 10 
Silver 2.330 3 

Lead 9.75 
Copper 1.20 18 

REAGENT CONSUMPTION 
Total Per ton 
Function and type toe Value Quantit 
( d y Value 
pounds) (thousands) (pounds) 
Flotation reagents: 

Ethylzanthate Lc ccs cll LL lll 123 $96 0.137 $0.107 

Amylzantha te 7 900 1.017 

Fotoe) ee %%% ——ͤ : 8 219 136 082 .051 

DOM re 8 2 X 

eee 1 1 100 .200 

Unspecified sulfide collector... 2... 29 25 .095 .082 
( uu entes Ed Las 442 331 XX XX 

Depressants: 

Cyanide salt ie e e e e mé 86 13 .027 .023 

Zinc sulfate . .- 0 Le 607 180 .215 .064 
Total 5 5 rere are ³˙·¹ààà K 698 253 XX XX 

Activators: 

Copper use 624 370 185 110 
um sulfide or hydrosulfide _______________ 15 102 026 
3 684 885 XX XX 

pH regulators: 

ö§ÜGv;iê ecu D cic E 934 85 967 014 

... 47 5 906 091 
zz pp er ee ae 981 40 XX XX 

Aliphatic alcohol!!! 199 119 058 

Polyglycol ther pulos edt EE ME 17 14 053 1.761 

Petroleum based blends ____________________ 1 1 020 013 
t.... y e t. 217 134 XX XX 

polyacrylamide __.___._____________ 1 1 100 102 

Nonionic polyacrylamide.. _.__-------------- 1 8 011 027 

Pw y DER 2 4 XX XX 
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Table 29.—F roth flotation of lead-zinc in 1985 —Continued 


Total Per ton 
Function and type Quantity, Value, Quantity ` Valu 


Effluent treatment: 


pH regulators: 
Sulfuric acid e cc en Si NN cce cues 108 $3 .500 $0.016 
Lime- -e e cu sd ð;-)d yy e ME 2,161 106 2.582 .099 
%% Eu ˙rrꝛ⁵ ͤͤmuT— 6K EE Eee. 2.875 109 XX XX 

Flocculants: 
Anionic polyacrylamide `... 101 78 315 242 
Unspecihe polyacrylamide... - --- ---------- 1 2 .009 .025 
Toal noc e ee er E 102 80 XX XX 
Fitering sidi 
onionic surfoctanttt 246 130 108 057 
Polyscrylamidens me 25 001 001 
!l!l!lööͤ;W qq 2⁴6 130 XX XX 
XX Not applicable. 


These values are for the flotation section only and would exclude material processed by other separation methods. 
Other operating data are for the entire plant (grinding mill and concentrator). 
*Weighted average only for respondents reporting this data. 


Table 30.—F roth flotation of molybdenum in 1985 


OPERATING DATA 

Plants: Energy used, kilowatt-hours: 

NU ⁵³ðVÄ 4 Total ------------- millions_ . 255 
Design capacity! _ thousand short tona. . 36,923 Per ton ------------------- 16.0 

Ore treated:! Ball consumption, pounds: 

Quantity do.... 24,054 Total ~- eee thousands_ . 27,701 
Per ton]. 1.736 
Grade: Molybdenum - ....... percent. . 0.20 Steel liner consumption, pounds: 

Water used, gallons: Teil thousanda- 5.320 
Total — ˙˙àà—T— eue millions 7.066 Per ton? 22.2MM 0.221 
New or makeup -.--------- do- 2,847 

TTT cce am 4,219 
„Fß3 FCC 294 
CONCENTRATES PRODUCED 
Type sh hys (percent) (percent) 
Molybdenum: — ncc axe huc ee eeu a esu Ee E 67 61.73 85 
REAGENT CONSUMPTION 
Total Per ton 
Function and type antity Value Quantit 
y 
( Greg (thousands) (pounds) Value 
Flotation reagents: 
Collectors: 
Petroleum derivative _._.__...-.-...------- 9,397 $8,457 811 130 
FFF m TM neta 2,854 319 .228 .026 
1 sean nee ee es E MON MER REN CHE ERES 610 13 .140 017 
Total Lo ea ee Ba E AU a Ma i eat 12,861 8,849 XX XX 
Depressants: 
Phosphorus pentasulfideue cllc 890 450 .068 .035 
Cyanide salt `... 15 13 .050 .044 
Sulfide salt -2 e 41 8 .005 .001 
Unspecified depressant. _.........-..------- 101 105 023 024 
C7J777ô³%;5 « ᷣ ęi : x RM ORI E E EU: 1.047 576 XX XX 


See footnotes at end of table. 
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Table 30.—Froth flotation of molybdenum in 1985 —Continued 


Total Per ton 
Function and type tity value Quantit 
. (thousands) (pounds) Volu- 
Flotation reagents —Continued 
pH 

Caustic soda (NaOH) ũ T 1,500 $135 270 0.024 
VJ) DZ E RUMOR 8.000 367 443 .020 
Total nni 9,500 502 XX XX 
Aliphatic alcohol. ._..-..__..---------~- 563 314 .045 .025 
JJJ...]]ꝙ＋ . ce cu RU 488 190 .048 .019 
Polyglycol ether _.._._.......-.---.--.--..- 210 193 036 .033 
polyol oou ͤ0 dicker id ae ico e 80 32 019 .007 
yr PNE os is ee a ee 1,341 729 XX XX 
Dispersanta: Sodium silicate „„ 32 6 .516 .108 

XX Not applicable. 
These values are for the flotation section only and would exclude material processed by other separation methods. 


Other operating data are for the entire plant (grin mill and concentrator). 
*Weighted average only for respondents reporting this data. 


Table 31.—Froth flotation of zinc in 1985 


OPERATING DATA 
Plants: Energy used, kilowatt-hours: 
Number ~- ------------------- 4 Total ee A millions 
Design capacity! thousand short tons. _ 5.655 Per ton -~ ˙·à 0 8 18.4 
Ore treated: i Rod consumption, pounds: 
Quantity. - - ------------- do 3310 Totaal!!! z 212 
Per tonnsgss 0.214 
Grade: Zinne percent. _ $8 Ball consumption, pounds: 
Water used, gallons: Total thousands 545 
1 3 8 Ke 
or makeup Thee liner consumption, pounds: 
Reclaimed .__._._____ de. 1,156 Total 2. 2 cx thousanda . _ 6 
Per ton 581 Per ton!) 0.010 
CONCENTRATES PRODUCED 
tity 
Type nea ( SN, 3 
short tons)  'Percen prreen 
CANS os c mr ORE DOTT EN 185 63.52 93 
REAGENT CONSUMPTION 
Total Per ton 
Function and type | ntity Value Quantit 
(thousand y Value 
pounds) (thousands) (pounds) 
Flotation reagents: 
Collectors: 
Amylxanthate | LL LLL LL LLL LLL LLL LLL 3 $3 0.004 $0.004 
Alkyldithiophosphate ______________----_--- 126 105 047 039 
Mercaptobenzothiazole -2 ----------—- 38 35 070 .063 
Total hor ̃ 4 : ——8 167 143 XX 
Activators: ee EE 1,37] 509 .614 228 
Frothers: Polyg yoo) ether- us e 8 118 99 .052 .043 
Flocculants: Nonionic polyacrylamide 49 89 .065 117 
XX Not applicable. 
"These values are for the flotation section only and would exclude material by other tion methods. Ore 
treated may have been previously u by other concentration methods. Other operating data are for the entire 


plant (grinding mill and concentrator). 
weighted average only for respondents reporting this data. 
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Table 32.—F roth flotation of iron in 1985 


Plants: Energy used, kilowatt-hours: 
Number... 4 Total .-.---------- millions 2,045 
Design capacity! thousand short tons 89,989 Per ton --- ---------------- 40.1 

Ore treated: Rod consumption, pounds: 
Quantity do... 24,205 Léen EE thousands. _ 7,179 

100 uacua iude 
Grade: Iron percent 56.21 Bell consumption, pounds: 
Water used, gallons: Total . oe thousands. _ 9 
"pac pre UL MR millions. _ 1495 Por ton? LLL LLcl.- 0.918 
New or makeup ..--------- See 14, Liner consumption, pounds: 
8 T 535 f eel 4. ,963 Steel total „ thousands. _ 
Per ton- -2-2-2 Per ton? ~- 2222-2. 0.129 
total thousanda 10 
Por tongggg cc.- 0.006 
CONCENTRATES PRODUCED 
tity Grade 
Type Hs ort tons) (percent) (percent) 
lon Se un i a ³Ü¹ ee Ld tcc em S Me ee 19,428 66.23 95 
REAGENT CONSUMPTION 
Total Per ton 
Function and type quantity, Value Quanti 
( Value 
pounds) (thousands) (pounds 
Flotation reegents: 
Collectors: 
Diamine. ... 2... 2L 2222-222 222222222 150 $164 0.018 $0.020 
Unspecified amin 498 641 50 195 
Amine salt ß em 4,866 2,919 210 162 
Fatty acid ester A 186 279 150 225 
TOU Cond dr LL ð v 8 5,695 4,008 XX XX 
Depressants: Starches, celluloses, derivatives 33,638 6,128 1.870 EIN 
Activators: Acetic ac ilk. 76 14 .023 .004 
H regulators: 
à Carbon dioxide. |. 2 22 ------ -=--> 14,846 1,485 880 088 
Caustic soda (NaOH) ꝰ ~~. ------- 46,449 4,180 2.590 289 
jj Kd 5 gt iE 61,295 5,665 XX XX 
Frothers: Aliphatic alcohol! 181 035 015 
dos iti l lamid 151 121 001 001 
nionic polyacry M Cu eee AA : 1 

Polyethylene oxides... -- ----- ---------- 21 17 .001 .001 
Unspecified polymerrrrr, 1,099 857 .880 .686 
Total. oA eee eee oe 1,271 996 XX XX 

Dispersants: 
Sodium silicattk kk 1.810 962 .100 020 
Polyphosphat 629 890 .040 025 
TOt] o ccc xs ³⅛ÄA y 2,439 152 XX XX 

Effluent treatment: 
pH regulators: Ligne 20,330 1,626 1.130 .090 
Flocculants: 

Aluminum salttn kk 7.294 1,021 410 .057 

Unspecified polymer `... 11,018 8,247 358 268 

Total -cc ³A A ³ dE 18.812 9,268 XX XX 

Filtering aids: Nonionic surfactants - -- --.-.------------ 5,231 3,714 .290 .206 
XX Not applicable. 


These values are for the flotation section only and would exclude material processed by other separation methods. 
Other operating data are for the entire plant eege, ee? and concentrator). 
*Weighted average only for respondents reporting this data. 
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Table 33.—Froth flotation of limestone-magnesite in 1985 


OPERATING DATA 
Plants: Energy used, kilowatt-hours: 
z o as Ee le 4 ( ĩð ie es et millions 1 
Design capacity! thousand short tons. . 370 Per toñ 2 eA CLIE 6.3 
Ore trete! do 194 Rod consumption, pounds: 
Water used, gallons: Total -oos cae thousands_ _ 66 
Deeg SE Eer pEr E 224 Perton* 2222. 22-2 0.331 
or mah uet 3 Ball consumption, pounds: 
Reclaimed |... do 221 Totaal thousands 91 
Perton 2-25 ole ee 555 Per ton?C?̃¹W1md 0.923 
CONCENTRATES PRODUCED 
tity 
Type (thousand 
short tons) 
Limestone-magnesite _.__________.__--__---------------~--+----------+-+----- 238 
REAGENT CONSUMPTION 
Total Per ton 
Function and type antity Value Quantity 
T (thousands) (pounds) Value 
Flotation reagents: 
Collectors: 
Amine derivative eee 6 $6 1.000 $1.000 
Amine salt ere ee mede 73 88 566 .684 
Fatty and rosin acids and obs 4 4 .500 397 
Fatty acid derivativen. 188 55 2.120 615 
F)) we NS ec 377 45 4.240 .509 
puo PEDE 648 198 XX XX 
De ts: 
Sodiumsilicate. - - --------------------——- 35 3 2.600 .216 
ſ%ßw Oe ONY DER EE 124 6 9.000 414 
„ ß 159 9 XX XX 
pH regulators: Sulfuric acilili 2222... 6 d 700 .028 
Frothers: 
Pine Oil d fess oe ee be ee oes 25 14 330 185 
Polyglycol ether 3 5 030 .021 
Total nl ³ A aa DAL D S OE. 25 14 XX XX 
Flocculants: 
Aluminum salts `... 61 5.200 562 
Unspecified polymerrr 16 17 .700 749 
/r E ͤ nier ec 77 24 XX XX 
Effluent treatment: 
Flocculants: Polyacrylate____________-_-------- 5 14 .070 .186 
Grinding aids: Sodium hexametaphosphate ____ _______ 7 4 500 300 
XX Not applicable. 


"These values are for the flotation section only and would exclude material processed by other separation methods. 
Other operating data are for the entire plant (grinding mill and concentrator). 

*Weighted average only for respondents reporting this data. 

Less than 1/2 unit. 
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Tabie 34.—Froth flotation of feldspar-mica-quartz in 1985 


OPERATING DATA 
Plants: Rod consumption, pounds: 
Nn hi ac-——— Enim 10 Total ``. -------—- thousands_ _ 2,709 
Design capacity! thousand short tons 2,920 Per ton? 55. oco suce esed 1.159 
Ore PP AERE EE ae 2,084 BAN consumption: pounds: "m 
Water used, gallons: otal s one thousanda. . 1 
EE E 10,356 Per ton? __________________ 0.257 
New or malt a Sie 2,033 Liner consum ds 
e eum E E cpm M E Sas 8,323 Ee 346 
Pers 8 4.429 Per tonnssss 0.200 
ry used, kilowatt-hours: Rubber total thousands. . 6 
NUNC ONCOL ce PN millions. _ 83 Per ton? __________________ 0.011 
Per %ͤ «˙W.... T...... eS 44.5 
CONCENTRATES PRODUCED 
tity 
Type (thousand 
short tons) 
S EEN 607 
%%%. ³ ³ LLL cU UL Le S ee 
Mici ooa «˙ q KK. y vd yd y y 67 
Lithium dioxide. - - EE w 
REAGENT CONSUMPTION 
Total Per ton 
Function and type quantity Value Quantit 
( d y Value 
pounds) (thousands) (pounds) 
ae reagents: 
U d TEE 125 $117 488 454 
e NOMEN 281 252 .333 .292 
Fatty and rosin acids and soeps- „ 1,000 350 1.500 .525 
Fatty acid derivative 251 107 877 Krk 
Petroleum sulfona tes 210 133 .234 .148 
FCC). yy ecce 886 96 668 072 
Total ccc erue uer eL a 2,759 1,055 XX XX 
Hydrofluoric acid 525 202 1.144 441 
derivative _.-______________-__-___- ] 006 
PRUDENS 560 203 XX XX 
Activators: Hydrofluoric ech... 599 271 813 368 
pH regulators: 
Sulfuric acid ______ ~~ eee 1,743 56 1.543 049 
Caustic soda (NaOH) . LLL l2 2l 91 598 068 
Toul ee ee a 88 2,540 147 XX XX 
Frothers: 
Aliphatic alcohol. |... -------------------- 40 21 101 055 
FIC! ³˙¹“¹AuA ⁰ ˙⁰¹ůu-: ⅛ͤK k ie 39 24 .037 .022 
Polvglycol -  — ae W i E 8 1 060 .004 
Polyglycol eher... 35 25 .095 067 
blenlns sg 48 34 .834 .231 
Ku, JB 170 105 XX Xx 
Flocculants: 
Aluminum galt 351 10 140 004 
Unspecified polymer |... 2.22222 -2-.- 33 36 040 043 
Total suns Ede ee te 46 XX XX 
Effluent treatment: 
pH regulators: 
Caustic soda (NaOH) )) 719 14 3.420 068 
ET, EE 1,299 55 2.421 103 
Total: oe Z ĩͤ . n E han. 2,018 69 XX XX 


See footnotes at end of table. 
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Table 34.—Froth flotation of feldspar-mica-quartz in 1985 —Continued 


Total Per ton 
Function and type tity Value Quantit 
— (thousands) (bounds) Value 
Effluent treatment —Continued | 
Unspecified polyacrylamide 5 $6 0.040 $0.060 
Polyacrylate ______________-_____-__------ 55 52 258 239 
Polyethyleneimines |... -- -- - -- - --- ------- 11 9 .800 .696 
Unspecified polymerrrr 29 88 .009 .012 
Total 22 com c ͥ uM 100 105 XX XX 


W Withheld to avoid disclosing company proprietary data. XX Not applicable. 
‘These values are for the flotation section only and would exclude material processed by other separation methods. 
Ke UHR UNE data are for the entire plant grinding mil an and concentrator). 
reporting 


*Weighted average only for respondents 


Table 35.—Froth flotation of glass sand in 1985 


OPERATING DATA 
Planta: Rod consumption, pounds: 
Numb e ic e 5 titt r 3 im 
Design capacity’ thousand rt tona. _ C INEEREE. r / 
treated) mt 2.774 Ball consumption, pounds: 
Water used, gallons: CTT thousands. 
JJ aa N a ES TM. = 5,593 Perton* _________________. 1.104 
New or nabe es 383 
au She ek eae I do... 5,210 
Periton. REX CES ; 
CONCENTRATES PRODUCED 
tity 
Type dd 
short tons) 
Glee SE] EE 2,919 
REAGENT CONSUMPTION 
Total Per ton 
Function and type quent Value Quantit 
(t Value 
pounds) (thousands) (Pound) 
iremos reagents: 
Dui c omo c nd m ere a hee 91 n 0.140 $0.116 
Fatty and rosin acids and oe 2,639 1 1.18 383 
Petroleum sulfonates s 143 85 .420 .104 
Petroleum derivative 596 70 .885 .104 
n EE 8,469 993 XX 
Depressants: Sodium silicate ___________________- eS 00 001 
Activators: Sodium hydroxide ____...___________- 36 8 780 
pH regulators: 
Sulfuric acid ß St suc 1,922 95 2.465 122 
Caustic soda (NaOH) ũ 7 -____-- 1.885 178 1.425 .130 
p. o! Mer Hp oe a a 3,807 268 XX XX 
Prothers: 
Pine oil oie cA ee ee 4 .004 
Polyglycol. - - - -- -2-2-2-2 15 13 1 12 
bl ends 8 8.400 13721 
Total oc ure one I a 22 18 XX XX 
Dispersants: Sodium silicate ________.___________ 844 24 8.440 287 
Effluent treatment: 
pit regulators: Sulfuric ac 210 - 7 563 .018 
ts: Unspecified polymer, 20 17 1.150 .978 
lem CE ———————»»»-——————————————————— 
XX Not applicable. 
"These values are for the flotation section onl VF other separation methods. 
= operating data are for the entire plant (grinding mill and concentrator). e 
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Table 36.—F roth flotation of phosphate in 1985 
OPERATING DATA 

Plants: Energy used, kilowatt-hours: 

Nun 8 22 TC em millions. _ 1,849 
ign capacity! _ thousand short tons. - 160,087 Perion «2.25 222223 ee se 11.3 

Ore treated: Rod consumption, pounds: 

quantity aud ͤ ͤ ane ae do. 120,687 Total —— es thousands_ _ 304 
rade: d EE 0.008 
30s -------------- percent. 9.94 Ball consumption, pounds: 

Water used, gallons: Total .— _--------- thousanda.. _ 540 
Total nS millions... _ 565,852 Per ton-ü—ü 0.491 
New or makeup `... d. 58.487 
Reclaimed ..------------ do... 907,364 
o.ä t 3,164 

CONCENTRATES PRODUCED 
Type ( tity Grade Recovery 
short tons) (percent) (percent) 

POr ro om EE ee ene 21,081 31.21 10 

REAGENT CONSUMPTION 
Total Per ton 
Function and type ntity Value Quantit 
(thousand y Value 
pounds) (thousands) (pounds) 
Flotation reagents: 
Collectors: 
/ô;Ü5—ö⁵·mm ee ³ĩð2³ eS 4,847 $1,600 0.223 $0.074 
Unspecified amine 4,800 2,880 1.200 .120 
Amine derivative 6,885 2,444 221 078 
Aminen co ee ee mm 6,080 2,356 337 131 
N ammonium alt 1.644 553 319 107 
atty and rosin acids and sos 151.447 23,015 1.419 216 
Fatty acid derivati tee 10,770 1,389 .794 .102 
Petroleum sulfonateeeeeeeeees --- 110 50 .300 .135 
Petroleum derivative ~. -------------------- 676 68 .074 .007 
uel OU? —— a » =- ure E LE 130,943 12,521 1.268 .121 
Kerosene . ooo nuc uim mde 8,863 1,025 170 .020 
Total octo oe eee aa 275,410 47,950 XX XX 
Depressants: 
Sodium silicate. _........-.-.-----.--- __- 1,740 139 .190 .015 
Starches, celluloses, derivatives. 374 52 .350 .049 
% ³»¹A AAA cur 2,114 191 XX XX 
pH regulators: 
Sure. 134.866 3,398 1.320 .033 
Caustic soda (NaOH) ---------------------- 5,649 455 526 .042 
Ammonia or ammonium hydroxide |... .. 28,362 2,626 .294 .027 
lll ee ie ee ee 168,877 6,479 XX XX 
Frothers: 
Polyglycol etberrrnr ---- 82 41 019 009 
Unspecified polyol. l 13 11 .400 .330 
Petroleum-based blends `... 50 32 .200 .128 
Total. cree Nh WW . e yd Nat 145 84 XX XX 
Flocculants: Anionic polyacrylamide .. . .........- 19 17 .003 .003 
Dispersants: Sodium silicate ____________.__.  _- 126 19 .009 .001 
Effluent treatment: 
pH regulators: Sulfurie acid 8,440 228 7.910 214 
occulants: Anionic polyacrylam idee 1,655 2,188 742 KH 
XX Not applicable. 


These values are for the flotation section only and would exclude material processed by other separation methods. 
Other operating data are for the entire plant (grinding mill and concentrator). 
eighted average only for respondents reporting this data. 
Includes fuel oil used as an extender or activator. 
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Table 37.—Froth flotation of potash in 1985 
OPERATING DATA 
Plants: Water used, gallons: 
N /ô§ö;àö—[—2ẽ: ⁵ 5 Total sao emm millions_ _ 793 
Design capacity! _ thousand short tona. 15,850 New or makeup. ........ do... 218 
Ore treated: n e SC ined EE DES io 
Quantity... A —— 11,1 ON he es ERE EE. 1 
Energy used, kilowatt-hours: 
Grade: Kai... percent 11.30 Total m MEN millions 121 
Per EE 10.9 
CONCENTRATES PRODUCED 
tity Grade Recovery 
Type thousand (percent) (percent) 
öĩÄLgwũͥʃ EE 1,669 59.15 79 
REAGENT CONSUMPTION 
Total Per ton 
Function and type anniy Value Quantit 
2 ( d y Value 
pounds) (thousands) (pounds) 
Flotation reagents: 
Primary amine... -------------------- 675 $454 0.138 $0.093 
ammonium salt e __- 230 069 
atty and rosin acids and ob 990 198 .350 070 
tcs uh bas aaa aaa oes een 10 .060 024 
öÜ˙¹¹Ete . 8 1,958 213 .425 046 
poc TE PR 88 8,874 958 XX XX 
5 Gums and dextrans -.---------------- 1,732 332 .208 040 
regulators: Hydrochloric acid |... 2.2... 1 6 .059 002 
Aliphatic alcobolſ 525 294 .054 .030 
ether `- - ----------------------- 1 1 .002 .002 
Petroleum-besed blends `... 246 39 112 018 
/ ³;³ißi²ͥ . ³ AW 772 884 XX XX 
Flocculants: 
Eoo "s m m 
Unspecified polymer ee EU SE ES 424 215 192 097 
Total P Dine Aa. 481 288 XX XX 
XX Not applicable. 
These values are for the flotation section only and would exclude material processed by other separation methods. 


Other operating data are for the entire plant (grinding mill and concentrator). 
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Table 38. —Froth flotation of bituminous coal in 1985 


OPERATING DATA 
Plants: Water used, gallons: 
Number ....----------------- «8 NG: Total AA RR milliones.. 88,886 
capacity! _ thousand short tona. _ 86,114 New or makeup do- 
Raw treateel do 21,666 Neclaimd - do 34,791 
Energy used, kilowatt-hours: z 
do aeui m Les millions. 899 
Per ton 226 lo eee eek 6.5 
CONCENTRATES PRODUCED 
entity 
Type 5 
short tons) 
Clõan óðal eene tee 19,509 
REAGENT CONSUMPTION 
Total Per ton 
— dunda) (thousands) veer? Value 
a reagents: 
Fatty acid derivative `... A 11 $17 0.043 $0.065 
Petroleum derivative - ...------------------ 806 191 155 
Unspecified nonsulfide collector ge 90 126 .057 079 
Phosphorus derivatives 18 8 060 009 
FF he re et re 5, 8,025 312 222 
Kerosene — o ee ie r y 428 742 .096 
Total Le ee Sl ee a dc 6,910 8,474 XX XX 
pH 
Caustic soda (NaOH) ᷣ 188 63 4526 045 
J)) SE RT E REET ĩ A ELS EE d 11 1 014 001 
Ammonia or ammonium hydrox ide 80 640 154 
Total a ee ee EE TT9 71 XX xx 
Aliphatic alcohol 688 671 121 .12 
Polyglyonl. - - - ³˙ VA 8 6 .052 
Unepsifsd EE 161 y^ [^ Ae 
blends ....--.------------ 1,979 1,456 174 128 
Total a clea aca tate eh ee c NUR 8,742 2,842 XX XX 
Flocculants: 
Aluminum salte A -a 12 2 .066 .007 
,,, uc die uei ene 1,274 1,726 .408 558 
Cationic polyacrylamide --—-----...---------- 166 P 455 013 
Polyscrylate - eo OIII 63 54 eg - 
— E JJ d 486 2.499 1.250 
Unspecified polymer ------ 628 502 .204 168 
Total no cuc ͥ »⁰ sue Le td 2,809 2,160 XX XX 
ee treatment: 
$ Caustic soda (NaOH) . LLL ee 1,019 128 8.040 882 
Lifé 1 ou o pa ue area wl 019 001 
Total css 22a. ea dau e 1,024 128 XX XX 
Flocculants: 
Starch-cellulose `... 1 8 004 
Anionic pao ded dearer Lu n M A C, 854 716 .056 047 
Cationic lamide `- ...--------------- 853 507 216 164 
Nonionic polyacrylamide... - ---------------- 9 5 .195 107 
p nepecined polyacrylamide e e 56 46 127 104 
LEE 26 17 820 211 
Unspecified polymer c22.-2- 24 24 .109 108 
Total cue ĩ rm as ĩð rs 1,823 1,818 XX XX 


See footnotes at end of table. 
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Table 38.—Froth flotation of bituminous coal in 1985 —Continued 


Total Per ton 
Function and type tity Value Quantit 
— (thousands) (pounds Value 
aids: 
FTN RYE NOB ⁵⅛ð d EE LED 36 $29 0.031 024 
— ("dor 844 584 .261 181 
Unspecified polymeãe rn: 767 559 270 197 
Total eee eee eee ok Soot 1,647 1,172 XX XX 
XX Not applicable. 


These values are for the flotation section only and would exclude material processed by other separation methods. 
ANC ee Je are for the entire plant (grinding mill and concentrator). 
1/ 
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Statistical Summary 


By Sarah P. Guerrino: 


This chapter summarizes data on crude 
nonfuel mineral production for the United 
States, its island possessions, and the Com- 
monwealth of Puerto Rico. Included also are 
the tables that show the principal nonfuel 
mineral commodities exported from and 
imported into the United States and that 
compare world and U.S. mineral produc- 
tion. The detailed data from which these 
tables were derived are contained in the 
individual commodity chapters of Volume I 
and in the State chapters of Volume II of 
this edition of the Minerals Yearbook. 

Although crude mineral production may 
be measured at any of several stages of 
extraction and proceesing, the stage of 
measurement used in this chapter is what is 
normally termed “mine output." It usually 
refers to minerals or ores in the form in 
Which they are first extracted from the 
ground, but customarily includes the output 
from auxiliary processing at or near the 
mines. 

Because of inadequacies in the statistics 


available, some series deviate from the fore- 
going definition. For copper, gold, lead, 
Silver, tin, and zinc, the quantities are 
recorded on a mine basis (as the recoverable 
content of ore sold or treated). However, the 
values assigned to these quantities are 
based on the average selling price of refin- 
ed metal, not the mine value. Mercury is 
measured as recovered metal and valued at 
the average New York price for the metal. 

The weight or volume units shown are 
those customarily used in the particular 
industries producing the commodities. Val- 
ues shown are in current dollars, with 
no adjustments made to compensate for 
changes in the purchasing power of the 
dollar. 


tion of this chapter by 

; data specialist, Division of 
Nonferrous Metals; Ba E. Gunn, mineral data assist- 
ant, Division of Industrial Minerals; Wanda West, pro- 
ipe assistant, Division of State Activities; and William 
pc mineral data specialist, Division of International 
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Table 1.—Nonfuel mineral production’ in the United States 


1984 
Mineral A 
Quantity (tl : al “e is) Quantity (th M bes as nds) Quantity th : e s ddl 
METALS 
Antimony ore and concentrate 
short tons, antimony content 838 W 557 W W W 
Bauxite _____ thousand metric tons, 
dried equivalent. 679 $11,309 856 $15,643 674 $12,855 
od (recoverable content of ores, 
ef! FAR metric tona 1, 038, 098 1,751,476 1,102,618 1,625,116 1. 105,758 1,632,483 
Gold 8 content of ores, etc.) 
troy ounces__ 2,002,526 Fg49,071 "2,084,615 "751,888 2,475,436 786,345 
Iron ore, usable (excluding by roduct 
iron sinter) __. thousand long tons, 
BE rom weight. 44.295 1,938,496 W W W WwW 
Iron oxide pigments, e 
short tons. . 41,875 2,421 53,017 2,819 46,585 2,826 
Leed (recoverable content of ores, etc.) 
metric tona. _ T449,295 T214,745 79322,6711 WIRT 418,955 174,008 
Manganiferous ore (5% to 35% Mn) 
short tons, gross weight 83,523 216 88,423 860 19,882 W 
Mercury S pound fiaska _ 25,070 W 19,048 W 16,530 WW 
Molybdenum (content of ore and 
concentrate) __ thousand pounds . 48,805 166,612 102,405 326,780 111,936 847,812 
Nickel (content of ore and concentrate) 
short tona. . dyed he 14,540 W 6,121 W 
Silver (recoverable content of 
ores, etc.) thousand troy ouncea . 143,481 7496, 850 744.592 1808, 006 89,857 241,740 
Tungsten ore and concentrate - 
metric tons, contained W. 1,016 10,528 1,178 18,409 9,148 
Vanadium (recoverable in ore and 
concentrate) short Gong. 2,171 30,675 1,617 24,651 W W 
Zinc (recoverable content of ores, etc.) 
metric tons. _ 215,294 251,204 252,168 210,838 226,545 201,607 
Combined value of llium concen- 
trates, magnesium chloride for mag- 
nesium metal, rare-earth metal con- 
centrate, tin, titanium concentrate 
(ilmenite and rutile), zircon concen- 
trate, and values indicated by sym- 
bol W c md c XX 188,220 xx 2,421,624 XX 2,212,104 
%Cô§·³§³ð— med XX 5,857, 000 XX 6,004,000 XX 5,621,000 
INDUSTRIAL MINERALS 
(EXCEPT FUELS) 
Abrasive stones? |... short tons... 1,101 482 1,290 602 1,157 515 
SE e metric tons _ 69,906 21,866 57,422 24,238 57,457 20,485 
Barite _____ thousand short tons. _ 154 29,203 775 25,445 739 21,501 
Boron minerals... ...... do 1.303 439,181 1.367 456,687 1,269 404,775 
Bromine? |... thousand pounds. . 370,000 91,000 385,000 95,000 820,000 80,000 
Calcium chloride short tona. _ w w ,000 9, 000 W w 
Cement: 
Masonry . thousand short tons 2,921 186,240 8,281 219,877 8,187 213,096 
Portland- ..- do 67,183 8,315,690 74,816 3,810,446 14,250 8,817,385 
S e do- 40,858 931,091 748,702 1,082,127 44,974 1,011,377 
Diatomite ~ ------------ do ... 619 114,279 621 120,926 635 121, 
Feldspar .........- short tona. _ 710,000 ,500 710,000 : 700,000 22,800 
Fluorsper - -- ---------- 8 761.000 710,000 912,000 , W 
Garnet (abrasive d: do- 29,767 2,533 29,647 92,481 86,121 2.973 
Gem stones? ________________ NA 7,425 NA 7,450 NA 1,425 
Gypsum .... thousand short tons 12,884 101 .361 14,819 118, 671 14,726 114,229 
elium (Grade-A) 
million cubic feet: 31.299 345.465 1 642 761,575 1.865 69,938 
Lime ...... thousand short tons _ 14,867 757,611 15,922 811,183 15,690 ,000 
Magnesium compounds short tons 618.227 182,495 W W W W 
Mica (scrap) - thousand short tons. . 140 6,479 161 7,139 138 6,330 
0 do... 725 18,667 814 19,907 882 21,892 
Perlite short tons. . 414,000 15,664 498,000 16,638 507,000 17,160 
Phosphate rock 
thousand metric tona _ 42,578 1,021,095 49,197 1,182,244 50,835 1,208,265 
Potassium salts (K3O equivalent) 
MON 1,518 220,800 1,639 241,800 1,266 178,400 


See footnotes at end of table. 
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Table 1.—Nonfuel mineral production! in the United States —Continued 


1983 1984 1985 
Mineral : Value , Value ; Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
INDUSTRIAL MINERALS 
(EXCEPT FUELS) —Continued 
Pumice... thousand short tona . 449 $4,486 502 $4,929 508 $4,553 
Bal uer Leeds ee do... 84,573 597,081 89,225 615,099 89,484 741,199 
Sand and gravel: 
lO coco assar da- 655,100 — 91,935,000 773,900 2,244,000 *800,100 2, 438.000 
ee do 26,620 335,200 29,380 377,200 29,430 374,070 
Ze sulfate (natural) do 423 39,425 435 40,125 389 35,860 
Crushed 33 do... 861,600 8,327,000 956, 000 *3,755,600 1,000,800 4,053,000 
Dimension do- 1.090 141,843 1,157 154,949 1.121 171,667 
Sulfur, Frasch procesas 
thousand metric tona. — 4,111 414,210 5,001 646,106 4,678 §73,570 
Tak and pyrophyllite 
thousand short tons 1,066 20,280 71,127 723,167 1,269 29,188 
inp. sees short tons. _ 111,020 649 124,482 699 W W 
Vermiculite thousand short tons. _ 282 21,110 315 81,500 814 82,400 
Combined value of aplite, d Sech (na- 
tive), emery, graphite (1 ), heli- 
um (crude), iodine, kyanite, lithium 
minerals, magnesite, mar] (green- 
sand), olivine, pyrites, sodium carbon- 
ate (natural), staurolite, wollastonite, 
and values indicated by symbol \ XX 867,486 XX 937,900 XX 1,007,908 
Total `.. -------------- XX 15,263,000 XX 17,157,000 XX 17,612,000 
Grand total _._________- XX 21,120,000 XX "23,161,000 XX 23,282,000 


"Estimated. Revised. NA Not available. W Withheld to avoid disclosing com proprietary data; included in 
“Combined value” figure. XX Not applicable. Weed 
Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 


l 
Excludes output in New Mexico; withheld to avoid discl com, data; included with industrial 
minerals 7 rx and value" figure for 1983. oe Ren proprie 
Excludes abrasive stone and bituminous limestone and sandstone; ail included elsewhere in table. 
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Table 2.—Nonfuel minerals produced in the United States and principal 
producing States in 1985 
Principal producing States, ; 
Antimony ore and concentrate Idaho. 
Ape Va. 
Asbes too Calif. and Vt. 
pepe (native). .-------- Tex. and Utah. 
FFC Nev., Ga., Mo., Mont Ill., Tenn., Wash. 
Bauxite EE Ark. and Ala. 
Beryllium concentrate Utah and S. Dak 
Boron minerals Calif. 
Bromine `... Ark. and Mi 
Calcium chlorid Mich., Calif., Wash 
ment! Tex., Calif., Pa., Mich All other States except Conn., Del., Mass., 
Minn., N. H., N. J., C. N. Dak. RI Vt 
Clays ---------------- Ga., Tex., N.C., Wen ` All 1 Mw except Alaska, Del., Ha waii, 
Copper (min Ariz., N. Mex., U Mont Calif., Colo., Wd III., Mich., Mo., Nev., Tenn. 
Diatom ite Calif., Nev., Wash., ; 
, à 
Feldspat N. C., Conn., Ga, Calif. Okla. and S. Dak. 
Fluor pa III., Nev., Tex. 
Garnet, abrasive ________ Idaho, Maine, N.Y. 
Gold (mine Nev., S. Dak., Calif., Mont Alaska, Ariz., Colo., Idaho, Mich., N. Mex., 
Oreg., S.C., Utah, Wash. 
Gyps um Tex., Mich., Iowa, Okla ` Ariz., Ark., Calif., Colo. Ind., Kans., La., Mont., 
Nev., N. Mex., N.Y., Ohio, S. Dak., Utah, 
Va., Wash., Wyo. 
Helium... .....-.-.-- Kans., Tex., N. Mex. 
Iod ine Okla. and Mich. 
Iron ore Minn., Mich., Mo, enn Calif., Colo., Mont., Nev. 
Iron oxide pigments (crude) _ .. _ Mich., Ga, Mo., Va. 
Kyanite. esoe Ve Va. and Ga 
Lead (mine Mo., Idaho, Colo, N.Y ______ Ariz., III., Mont., Nev., N. Mex., Tenn. 
Ii Ohio, Ky., Mo., Pa EE All other States exce Alaska, Conn., Del., 
Ga., Kans., Maine, „N. H., NJ., N. Mes, 
N.C., R. I., S.C., Vt. 
Lithium minerals N.C. and Nev. 
Magnesite ___._________- Nev. 
Magnesium chloride Tex. 
Magnesium compound Mich., Calif., Utah, Del Tex. 
Manganiferous ore BC 
Marl, greensand `... N.J. and Del. 
Mercur Nev 
Mica (scrap . - N C., N. Mex., S. C., Ga Conn., Pa., S. Dak., Tex. 
Mol nom eee eee EROR Colo. ., Ariz., Idaho, N. Men Calif., Nev., Utah. 
E/ ³ĩͤ K 
Olivine -.--------—-~-—- N.C. and Wash 
Post- eo Ee „ Fla., Ind., DI... Calif., Colo., Ga., Iowa, Md., Mass., Minn., 
Mont., N.J., N.Y., N.C., N. Dak., Ohio, Pa., 
S.C., Wash., Wis 
Perlite N. Mex., Calif., Ariz, Nev Colo. and Idaho. 
Phosphate rock... Fla., N. C, Idaho, Tenn Mont. and Utah. 
Potassium salts ~.. ------- N. Mex., Utah, Calif. 
Pumice ~- ------------- Oreg., N. Mez., Calif., Idaho Ariz., Hawaii, Kans., Okla. 
Pyrites, ore and concentrate Tenn., Colo., Ariz. 
metal concentrate Calif. and Fla. 
)!] T" La., Tex., N.Y., Ohio Ala., Calif., Kans., Mich., Nev., N. Mex., 
N. Dak., Okla., Utah, W. Va. 
Sand and gravel 
Construction Calif., Tex., Mich., Ari All other States. 
Industria IIl., Mich., N J., Calif — All other States except Alaska, Del., Hawaii, 
Iowa, Maine, N.H., N. Mex., N. Dak., Oreg., 
; S. Dak., Vt., Wyo 
Silver (mine)... Idaho, Nev., Ariz., Mont Alaska, Calif., Co o., DL Mich., Mo., N. Mex., 
N.Y., S.C., S. Dak., Tenn., Utah, Wash. 
Sodium carbonate (natural) Wyo. and Calif. 
Sodium sulfate (natural) Calif., Tex., Utah. 
Staurolite |... 2... Fla. 
Stone: 
Crushed |... .......- Tex., Fla., Pa., Ga All other States except Del. 
Dimension 4 Ga., Vvrnrr All other States except Alaska, Del., Fla., 
Hawaii, Ky., La., Mise., Neb., Nev., N. J., 
N. Dak., R.I., W. Va., Wyo. 
Sulfur (Frasch) `... Tex. and La. 
Talc and pyrophyllite Mont., Tex, Vt, N. Ark., Calif., Ga., N.C., Oreg., Va. 
yb) e ee EPICURUS Alaska and Colo. 
Titanium concentrate Fla. 
p s Ill. and Okla. 
Tungsten ore and concentrate Calif. and Colo. 
Vanadium n Idaho and Ark. 
Vermiculite Mont., S. C., Va. 
Wollastonit 2. --- N 


M. 
Tenn, Mo., N. V., N. J 
Fla. 


Colo., Idaho, III., Ky. 
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Table 3.— Value of nonfuel mineral production in the United States and 
principal nonfuel minerals produced in 1985 


State Value Rank of US. Principal minerals, in order of value 
( total 

Alabama $405,915 20 1.75 Cement, stone (crushed), lime, sand and gravel (con- 

Aleska aa 89,969 42 39 pana and gravel (construction), gold, stone (crushed), 

Arona 1.550, 085 4 6.68 Copper, e sand and gravel (construction), cement, molyb- 

Arkansas 256,697 2 1.11 7177 eee 

California... 2,094,796 1 9.02 — sand — 9 gravel (construction), boron minerals, 

Colorado 408,178 19 1.76 um, cement, sand and gravel (construction), 
stone (crushed). 

Connecticut |... 12,886 43 31 Sone (crushed), sand and gravel (construction), feld- 
spar, sand and gravel (industrial). 

Delaware ...... 14.029 50 02 Magnesium compounds, sand and gravel (construction), 

Florida. |... ..... 1,559,266 8 6.71 rock, stone (crushed), cement, sand and 
5 (construction). 

HERE 946,075 1 407 Clays, stone (crushed), cement, stone (dimension). 
Hawaii A 23 Stone (crushed), cement, sand and gravel (construction), 
Idaho ---- 848,154 22 1.50 Silver, ‘phosphate 
Illinois 450,920 17 1.98 Stone (crushed), cement, sand and gravel (construction), 

sand and gravel (industrial). 
Indiana 802,954 25 1.30 Cement, (crushed), sand and gravel (construction), 
lowa e nous 228,017 82 98 Stone 5 cement, sand and gravel (construction), 
Lans 822,170 23 1.89 KL Large salt, stone (crushed), helium (Grade- A). 
Kentucky? 267,558 27 1.15 Stone (crushed), lime, cement, sand and gravel (con- 
Louisiana 622,268 15 225 . Sulfur (Frasch), salt, sand and gravel (construction), 
cemen 
Maine 41,108 46 .18 Sand and gravel (construction), cement, stone (crushed), 
Maryland |... 258,274 28 1.11 Stone (crushed), cement, sand and gravel (construction), 
Massachusetts 117,206 88 50 Sand amd greve (construction) evans (cramped): pene 
( on), lime. 
Michigan 1,847,858 6 5.80 ron ore cant magnesium compounds, stone 
Minnesota 1,547,958 5 6.66 Iron un ore sand and i ete (construction), stone (crushed), 
sand and gravel ustrial). 
Mississippi —- 102,798 40 4 e and pam (construction), clays, cement, stone 
Mimouri — 784.960 9 3.16 e stone (crushed), lead, lime. 
Montana 200,272 34 88 Gold, sand and gravel (construction), sil ver over 
ee 99,970 41 Ai Cement, sand and gravel (construction), stone hed), 
Nevada 680,883 12 2.72 Gold, diatomite, cement, silver. 
New Hampshire 32,900 47 14 Sand and (construction), stone (dimension), stone 
New Jeer... 177,576 85 76 Stone (crushed), sand and gravel (construction), sand 
Mexico 656,889 11 2.88 5 salta, molybden t. 
NEN Yn um mo um, cemen 
New Tork 667,308 10 2.88 Stone (crushed), cement, salt, sand and gravel (construc- 
North Carolina 432,156 18 1.86 Stone (crushed), phosphate rock, lithium com 
sand and gravel (construction). EN 
North Dakota 24,184 48 .10 Sand and gravel (construction), lime, salt, clays. 
3 607,127 18 261 Salt, fone (crushed), sand and gravel (construction), 
comen 
Oklahoma 251,607 80 1.08 Stone (crushed), cement, sand and gravel (construction), 
sand and gravel (industrial). 
Oregon... ...- 190,296 38 56 Stone ; and gravel (construction), cement, 
Pennsylvania 804,474 8 8.46 one (crushed), cement, lime, sand and gravel 
Rhode leland _ _ _ 12,192 49 .06 Stone (crushed), sand and gravel (construction), sand 
and gravel (industrial). 
South Carolina 276,929 28 1.19 . , Clays, sand and gravel 
South Dakota 207 389 33 .89 Gold, cement, stone (dimension), sand and gravel 
(construction). 
Tennesse 472.287 18 2.03 Stone ( ), zinc, t, 
Tea 1,783,359 2 1.46 Cement, sulfur (Frasch), stone (crushed), sand and 
gravel (construction). 
Dh... $12,859 24 1.54 Cement, copper, oe sand and gravel (construction). 
Vermont. 49,854 45 21 Stone (dimension), stone (crushed), sand and gravel 
(construction), talc. 
Virginia ._..--- 881,276 21 1.64 Stone einen cement, sand and gravel (construction), 
Washington- -- 243,670 31 1.06 Cement, sand and gravel (construction), gold, stone 


See footnotes at end of table. 
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Table 3.— Value of nonfuel mineral production in the United States and 
principal nonfuel minerals produced in 1985 —Continued 


Value Percent . a 
State (thousands) Renk of US. Principal minerals, in order of value 
West Virginia $105,409 89 45 Stone (Crashed) cement, sand and gravel (industrial), 
Wisconsin ...... 125,110 81 64 Stone (crushed), sand and gravel (construction), lime, 
sand and gravel (industrial). 
Wyoming 652,468 14 2.88 Sodium carbonate, cement (portland), sand and 
gravel (construction). 
Total! 28,282,000 XX 100.00 
XX Not applicable. 
‘Incomplete total. 


Table 4.— Value of nonfuel mineral production per capita and per 


square mile in 1985, by State 
Value of mineral production 
Population : 

State (square miles) (thousands) Total Per square mile Per capita 
(thousands) Dollars Rank Dollars Rank 
Alabama 51,706 4,021 $406,915 7,851 24 101 20 
Alaska j 521 89. 50 178 10 
Arisona a 114,000 8,187 1,550,085 13,697 11 486 3 
Arkansas 58,187 256,697 81 109 18 
California 158,706 26,365 2,094,796 18,199 18 79 24 
Colorado 104,091 408,178 8,921 35 126 16 
Connecticut |... 5,018 8,174 14,425 9 23 47 
Delaware 2,044 622 14.029 1,971 44 6 50 
Florida... ... — 58,664 11,866 1,559,266 ,580 1 187 14 
Georgia 10 5,916 946,075 16,060 7 158 11 
Hawaii 6,471 1,054 53.272 8.232 21 51 37 
Aab 1,005 848,154 4,166 33 846 6 
Illinois 5 11,585 459,920 8,163 23 40 39 
Indiana 86,1 5,499 802,954 8,372 20 55 35 
Io 56,275 2,884 228,017 4,052 84 79 25 
Kansss 2,450 822,170 8,916 36 131 15 
Kentucky .. 40,409 3.728 261,558 6,621 25 12 21 
Louisiana 47,751 4,481 10,987 15 117 17 
Maine 265 1.164 41.108 1.236 48 35 42 
Maryland ______- 10,460 4,392 258,274 24,692 2 59 32 
Michigan Bor 58,527 9/088 1341858 23/030 3 148 12 
Minnesota 84,402 4,193 1,547,958 18,340 5 369 5 
Mississippi 3 47.689 2,618 102,798 2,155 48 39 40 
air aa acs iin 5,029 734,960 10,545 16 146 13 
Montana 147,046 826 200,272 e 45 242 8 
Nebraska `... — 355 1,606 99,970 47 62 31 
Nevada 110,561 9 630,883 5,706 27 674 2 
Hampshire ... 9,279 998 32,900 8,546 40 83 44 
Jersey .....- 7,181 1,562 177,576 22,804 4 23 46 
Mexico ._ 121,598 1,450 656,889 5,402 29 453 4 
New Tork 1 17,783 657,308 13,385 12 31 41 
Carolina 52,669 6 432,756 8,217 22 69 28 
North Dakota 70,708 24,184 49 35 43 
. 41,830 10,744 607,121 14,690 8 51 33 
Oklahoma a 69,956 8,301 251,607 8,597 88 16 26 
Oregon 91,078 130,296 1,342 46 48 88 
Pennsylvania 11.858 804,474 17,756 6 68 29 
Rhode Island 1,212 12,192 10,059 17 13 49 
South Carolina 81,118 3,347 215,929 8,869 19 23 
Dakota 77,116 708 207. 389 2,689 41 293 1 
Tennessee 42,144 4,762 472,287 11,207 14 99 21 
5 266,807 16,370 1,733,359 6,497 26 106 19 
Utah gk 84,899 1,645 812,359 3,679 87 190 9 
Vermont 9,614 535 49,854 5,186 30 93 22 
55 40.767 5.706 381.276 9,353 18 67 30 
Washington 68.188 4.409 243,670 3,576 39 55 34 
West Virginia 24,231 1,936 105,409 4,350 82 54 36 
Wiscon n 56,153 4,115 125,110 2,228 42 26 45 
Wyoming S 509 552,463 5,648 28 1,085 1 

Total® or 
average — 8,618,701 238,114 28,232,000 6,416 XX 98 XX 
XX Not applicable. 
‘Incomplete total. 
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Table 5.—Nonfuel mineral production! in the United States, by State 


1983 1984 1985 
Quantity (th M ke i i de) Quantity (tk : bes e € de) Quantity 35 bs er nds) 
ALABAMA 

Cement: 

888 thousand short tona. _ 210 $13,417 259 $17,241 268 n 

JT do 3.279 150.255 8,656 167,191 8,721 65,972 
CGS RENE eh St ek do 1,863 20,758 1,906 80,500 1,878 18,189 
Gemstones. | LL Le N NA 1 NA 1 
Lime thousand short tons. _ 981 41,149 1,168 60,560 1,216 62,296 
Sand and gravel: 

C do- *8.600 923,500 10,848 26,188 111,000 *82,000 
Industrial do 418 8,256 442 8, 524 
Crushed_ ----------—- do... 20,558 95,874 22,000 98,500 25,853 109,176 
Dimension da 2.661 Ki 2.674 11 2,881 

Combined value of bauxite, clays (bentonite), 
phosphate rock (1983), and salt XX 10,956 XX 18,880 XX 7,805 
Toti. nel ate aL eun XX 861,921 XX 409,841 XX 405,915 
ALASKA 
Gem tones NA $60 NA $60 NA 960 
Gold (recoverable content of ores, etc.) 
ounces. _ 39,523 16,758 19, 438 1,009 44,138 14,210 
Send and gravel (construction) 
short tons.. *45,200 *97,200 80,861 66,883 29,000 *63,000 
Silver (recoverable content of ores, etc.) 
thousand troy ouncea_ 47 9 11 W W 
Stone (crushed) ___ thousand short tons. _ 1,981 9,460 92,500 *10,800 1,907 8,585 
Combined value of cement (portland, 
1984-85), copper (1983), lead (1983), 
tin, and values indicated by symbol W _ _ _ XX 971 XX 72,543 xx 4,164 
Total- ee xx 124,496 XX 187,296 XX 80,969 
ARIZONA 
Claes short tona. . 151 $1,425 188 $819 186 $1,508 
Copper (recoverable content of ores, etc.) 
metric tons._ 678,216 1,144,285 746, 458 1,100,182 796, 558 1,115,996 
Gem stones NA 2,700 NA 2,700 
Gold (recoverable content of ores, etc.) 
troy ouncea_ _ 61,991 26,284 754,897 719,799 52,063 16,585 
Gypum ......- tona. _ 1,929 261 2,882 251 1,926 
Lead (recoverable content of ores, etc.) 
metric tons. _ 1284 1112 W W 581 244 
C short tons. 340 16,700 859 17,804 476 21,226 
en (Content ee da. 23,934 80,210 24,018 16,112 24,125 68,889 
SOCOM thousand Sho toni. D ' 1 2 "a W 2 
Sand and gravel (construction) do... 223,200 75,000 30, 439 101.9589 *37,000 118.000 
(recoverable content of ores, etc.) 
thousand troy ounces. . 4,492 51,888 74,241 £34,570 4,885 80,001 
Crushed thousand short tons. 4,755 24019 5.200 27,300 5,929 23,121 
Dimension pone ( Si * w 
Combined value of cement, perlite, pyritt.. 
salt (1984), sand and g del ton h 
(1984), and values i by symbol W _ XX 87,449 XX 102,839 xx 95,447 
RT EE XX 1,511,672 XX "1,485,987 XX 1,550,085 
ARKANSAS 
DAR Sc thousand short tona. . 879 $9,956 1,019 $1,838 1,062 $10,169 
Gem stones NA 200 NA 200 NA 
Sand and gravel: 

_—. thousand short tons. _ *6.900 *19,600 8,334 23,186 *8,500 924,400 
Industrialal!lk do 886 4,796 459 6,207 412 5414 
Crugbed — -- ----------—- do 13,448 51.287 115, 200 59, 800 14.815 60,874 
Dimen ion do 9 573 ee T 5 806 

KT do. — 1 66 W w W w 
Combined value of abrasives, bauxite, bro- 
mine, cement, 4728085 lime, tripoli (198. 
84), vanadium ( and values indi- 
cated by symbol WW... XX 159,972 XX 174,797 xx 154,785 
Toti oso So rer XX 246,430 XX 272,628 xx 256,697 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 


1983 1984 1985 
] fi ] . — —ͤ——-—- — — — — f — — — ͥ— TA PNE 
Quantity (th M = ven is) Quantity (ti Value is) Quantity (ti Value is) 
CALIFORNIA 
Boron minerals thousand short tona. — 1,308 $439,181 1 $456,687 1,269 $404,775 
Cement, portland .--- -------- ein 1,561 20,949 8,715 520,026 9,462 601,506 
MURCIA SPEO ER do- 1.816 18.255 2,100 28,868 2,203 26,600 
Gem stones N 300 NA 500 NA 
Gold (recoverable content of ores, etc.) 
16,300 85,858 30,965 166,101 52,446 
8 3 thousand short tons. . 1,213 10,668 12,448 12,201 
Pet yh Secs K E 358 994 26,827 24,733 
Peli. .. aat SE 18 612 W W W 
Pumictde ~~~ are 65 1,582 80 1,600 78 1,491 
Sand and gravel: 
ion- ------------ do 91,000 808,700 102.420 380,427 112, 800 430,000 
ustria l MNA 2,150 84,066 89,176 2.255 87,484 
Silver (recoverable content of ores, etc.) 
ounces _ 21 908 W w 115 709 
Stone: 
Cruahed thousand short tons. 85,582 146.289 *38,600 *158,000 41,199 174,895 
Dimension do... 20 2,839 25 2.449 
Tale and yllite do- 71 1.289 74 1,642 100 2,493 
Combi value of asbestos, calcium chloride, 
cement ( ), clays (fire clay); cop 
per diatomite aped iron ore, 
1984), magnesium 
num (1984-85), perite. potassium salts, 
rare-earth metal concentrates, sait, sodium 
carbonate, sodium sulfate, t n ore 
and concentrate, wollastonite (1983-84), and 
values indicated by symbol W |... XX 859,218 XX 160,085 XX 323,014 
Totals 2 ce aaa xx 1,788,550 XX "1,995,286 XX 2,094,796 
COLORADO 
Clay thousand short tons. . 459 $2,650 808 $2,111 808 $1,743 
Gem tone NA 80 NA 80 NA 80 
Gold (recoverable content of ores, etc.) 
troy ounces. _ 68,063 26,789 60,010 21,643 43,301 13,755 
umm thousand short tona. .. W W 291 W 233 1,800 
Send and gravel 
C do 221.200 81, 600 28,024 87,324 27,500 *88,000 
ustrial =... ..- do 212 8,233 149 2.218 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. . 2,146 24,546 2,200 17,909 549 3,370 
Crushed... thousand short tons. _ 6,790 22,149 91,200 926,200 1,087 25,930 
Dimension sks 1 *1 204 
9 value of 1 a aid iron ore, 
ny yw gern. perlite, 
), salt (1 wll P(1984-85), 
zi ore and concentrate, vanadium 
(1 ), zinc, and values indicated by 
Wi eee XX 176,969 XX 278.609 xx 273.296 
Total oc oi ere ee XX 837,652 KX 7496, 176 XX 408,178 
CONNECTICUT 
Clay thousand 5 " 86 WI He os 106 $632 
Sand and gravel (construction) - do ...  °5,000 *17,900 6,718 22,817 *6,000 *21,000 
Crushed_ P77 do- 7,692 45,890 *8 300 *49.400 7.277 43,937 
Dimension Jan 18 1,028 *18 ] 20 1,285 
Combined value of feldspar, gem stones, mica 
(scrap), sand and gravel (industrial), and 
value indicated by ymbol VW XX 5,480 XX 5,834 XX 5,532 
TOtllo ocu AAA XX 71,218 XX 79,696 XX 72.386 
DELAWARE 
Marl (greensand) __ thousand short tona. . GG 1 $18 2 
Sand and gravel (construction) do *1,400 *$3,200 1,003 2.195 *1,300 *4.000 
/ d Sie ee XX 8,200 XX 2,818 XX 4,029 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1983 1984 1985 


Mineral Value Value ; Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 


FLORIDA 
Cement: 
Masonry ....- thousand short tona. _ 313 $19,557 383 $24,624 316 $17,137 
Portlaade --- TELA 3,329 ,048 8,564 172,548 8,282 48,908 
eg, aie at ETRURIAE eae Seales 31,566 772 34,048 672 33,074 
Gem gtoneg. NA NA NA 
Line thousand short tons. _ W 18,881 171 9,379 W W 
BER eee nen eee ee ene eae? do 114 : 5,464 248 5,833 
Sand and gravel 
677A do 114,900 1, 500 21.032 48,494 22,500 49,500 
AD SE do- 29 3.447 1.533 9,815 2,123 12,642 
Stone (crushed) ~- ---------- do. ... 51,282 235,700 *68,500 ,000 69,266 281,281 
Combined value of magnesium compoun 
phosphate rock, rare-earth metal concen- 
trates, staurolite, titanium concentrates 
(ilmenite and rutile), zircon concentrates, 
and value indicated by symbol W _ _ _ — XX 774.122 XX 915,996 XX 1,005,429 
TOLÀ] stoners eee See XX 1,275,826 XX 1,510,864 XX 1,559,266 
GEORGIA 
Clay thousand short tona _ 1,859 $560,005 8,679 $600,029 8,671 $515,097 
Gem stones. ____________-____-_ N N N 
Sand and gravel 
Construction thousand short tons eg. 800 9,400 5,347 18,623 *5,000 *13,400 
Industrial em 539 1,298 418 6,795 571 6, 
Crushed. ee do. 41,100 186,198 45, 900 220,000 52,062 256,588 
Dimension |. ---------- HR 183 21,019 4202 720,007 185 19,466 
/ TP ae 14 101 15 104 16 111 
Combined value of barite, bauxite (PE SU, 
cement, feldspar, iron oxide 
(crude), kyanite, mica (scrap), and ui Zs XX 65,536 XX 79,914 XX 74,718 
vk, TC XX 849,672 XX 940,492 XX 946,075 
HAWAII 
Cement: 
8 thousand short tona. . $641 
cM ULP pee 216 20,673 186 18,282 16 16,050 
Sand and gravel (construction) 
short tona. — *440 *1,000 436 2,031 *500 2, 100 
Crushed. dd do 5.582 29,703 5, 400 29,700 5,621 34,183 
Dimension SE (3) — E NE SE 
Combined value of other industrial minerals 891 XX 442 XX 351 
svo T XX 52,411 XX 51.247 XX 53,212 
IDAHO 
Antimony ore and concentrate, antimony 
content 585 W 557 W W W 
Clay thousand short tons 6 $91 51 W 32 W 
Copper (recoverable content of ores, etc.) 
metric tons. . 3,556 6,000 8,701 $5,455 3,551 $5,242 
stones NA 100 150 N 175 
Gold (recoverable content of ores., etc.) 
ounces. — W W W W 44,306 14,074 
Lead (recoverable content of ores, etc.) 
metric tona. _ 25,893 12,376 W W 83,707 14,169 
5 short tona. _ 7, 87 5,616 : 
te rock __ thousand metric tona. . W 4,122 S 3.784 102,430 
and reel (construction) 
ousand short tons *3,000 9, 800 4,725 13,509 4, 000 11.400 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1983 1984 1985 


Mineral ; Value : Value f Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 


IDAHO—Continued 
Combined value of cement, clays (bentonite 
and fire clay, 1984-85; fuller's earth, 1985) 
garnet (abrasive), reum (1984), molybde- 
num (1984-85), perlite, pumice, sand and 
gravel (industrial) stone (dimension), tung- 
sten ore and concentrate (1983), vanadium 
(1984-85), zinc, and values indicated by 
symbol M XX $169,318 XX $100,326 XX $12,239 
Toti hy hue EIE RU XX 415,159 XX 412,350 XX 348,154 
ILLINOIS 
Cement (portland) thousand short tona. — 1,857 $74,975 1,997 $82,622 2,101 $86,211 
Chaya co . do... 717 3.360 253 940 265 876 
Gem stones NA 15 NA 15 NA 15 
Beat. thousand short tona. . Ww W 49 
Sand and gravel 
Const ructioůonn ------ do. ... 21.100 *58,400 25,969 72.477 26.600 77.000 
Industrial „ nee 4,060 42,871 4,100 52,197 4,056 56,915 
ne: 
Crushed- -------------- do -~ 42,761 166,860 948,500 *191,600 41,044 164,117 
Dimension do- 71 ER oe 2 107 
Combined value of barite, cement (mason- 
), clays (fuller's earth), copper 
(1985), fluorspar, lead, lime, silver, 
tripoli, zinc, and values indicated by 
symbol t XX 60,355 XX 72,010 XX 14,619 
Total 5r m XX 406.907 XX 471.861 XX 459,920 
INDIANA 
Clay thousand short tons. _ 3558 2$1,421 3658 282,085 740 $2,776 
Gem stones N N 
eat thousand short tona. . 81 1,973 61 1,358 54 W 
Sand and gravel 
Construction do 114,400 *37 900 16,071 44/44 118.600 *55,800 
Industrial `... UNES W 94 1,129 1,209 
Stone 
CCT do. ... 24,051 82,182 25 700 99,400 22,384 81.119 
Dimension ~- ---------—- do 144 11,015 159 *14,269 188 20,186 
Combined value of abrasives (natural), 
cement, clays (fire clay, 1983-84), 
sum, lime, stone (crushed 4 1985), and 
values indicated by symbol T XX 115,450 XX 130,250 XX 141,863 
Total_ - ------------------ XX 250,542 XX 293,236 XX 302,954 
IOWA 
Cement 
Masonry ....- thousand short tona. _ 37 $3,425 42 $3,260 39 $3,372 
Portland `... ro ccc 1,644 87,836 1,730 92,699 1,618 77,890 
e ese eee SE 576 3,258 2,695 2,450 
Gem stoneg N 1 N NA 
Gyps um thousand short tona. . 1,612 13,518 1,527 12,421 er de tr: 
il muc 8 
Sand and gravel (construction) do 111.800 32, 800 13.882 97.027 712.000 30,500 
Stone (crused )) do- 24,844 101,097 23, 800 100, 000 23.657 94.496 
Combined value of lime, stone (dimension, 
1983, 1985), and values indicated by sym- 
OW EE XX 5,425 XX 4,943 XX 5,211 
Total. — ------------------ XX 247,360 XX 253,445 XX 228,017 
KANSAS 
Cla ys thousand short tons. 118 $3,921 918 $5,537 878 $5,326 
Gem stones NA NA 1 NA 
Helium: 
Crude million cubic feet. 188 3,572 402 8,844 W w 
Grade A AK. do 775 27.125 1.015 38.063 W w 
Salt) thousand short tona. . 1,719 61,195 1,712 71.558 1.790 71.970 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production: in the United States, by State —Continued 


1983 1984 1985 
Mineral "A. Value e Vale ae... Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 


KANSAS—Continued 
Sand and gravel: 
-- thousand short tons.. 12,400 828,600 11.796 326,358 13.200 881, 800 
Industriall - do. ..- 199 2,184 W W 134 1.1 
Stone (crushed) ._.._....--- do. ... 12,687 45121  *13,600 *48,500 15,653 51,155 


Combined value of cement, gypsum, lime 
(1983-84), pumice, salt (brine), stone (dimen- 


sion), and values indicated by symbol W XX 91,866 XX 113,149 XX 154,794 
Total clum RES XX 261,585 XX 312,010 XX 822,170 
KENTUCKY 

Caye thousand short tons... 3669 9$2,142 F 3662 T 352,533 775 $6,487 

Cem ton enn NA N 1 NA 
Sand and gravel: 

—— thousand short tons *5,500 *13,000 1,839 18,252 91,600 *19,000 

Industrial `... do 10 124 W W W W 

Btone (crushed) EE ECCE do... 83,399 117,842 57,300 183,000 8.022 134,978 


1983-84, fire , 1983), stone (crush- 


ed 1985), zinc, values indi- 
rede ages i Wl enel mcm Lin xx 91,408 XX 7103,422 xx 107,092 
S eeneg eee sees xx 224,517 xx 1257. 208 XX 267,558 
LOUISIANA 
dae thousand short tons. 3505 $10,793 547 2$10,858 334 $1,017 
Gem stones... LLL „„ N 1 NA 1 NA 1 
Sag thousand short tons. . 11,544 100,936 13,101 112,142 12,325 138,955 
Send and gravel: 
83 E d aie do. — *14,200 *46,600 17,040 54,664 *15,000 *48,000 
Industriaa ..- do 291 4,252 266 3,757 267 ,838 
Stone (crushed) |... ------—- do... 5,758 25,702 4, 100 19,500 24.820 925,956 
Sulfur (Frasch) .. thousand metric tons. — 1,643 W 2,007 W 1,698 W 
Combined value of cement, clays (bentonite, 
1984), gypsum, lime, stone ( - 
1985) and values indicated 
io aren aes REO 8 xx 258,477 XX 310,548 XX 298,501 
Total. 2 Se XX 446,761 XX 511,470 XX 522,268 
MAINE 
Clays ` thousand short tons. _ 43 $93 48 $97 50 $100 
Gem stones NA W NA 400 NA 400 
Sand and gravel (construction) 
thousand short tons *4,800 12.100 7,885 19,228 91,200 *18,000 
Stone (crushed) |... do 848 2,851 *1,300 *4.400 1,459 5,114 
Combined value of cement, E 
peat (1983-84), and stone (di ion) XX 11.319 XX 713,814 XX 17,494 
Total oe ie ee x xx 26,363 XX 37,939 XX 41.108 
MARYLAND 
Clays? ......- thousand short tons. _ 484 $1,747 847 $1,484 836 $1,647 
Gem stone NA 2 NA 2 NA 2 
Line thousand short tona- 1 383 T 419 10 608 
Peal MN 8 do 4 W b W wW W 
Sand and gravel (construction) do- 110,600 *31,800 14,234 46,671 *17,000 58.000 
Cruhed. doris do ... 19,284 80,429 22,100 *94 L000 24.405 98,584 
Dimension ____._________ do. ___ 12 682 17 864 18 1,218 
Comianed valde ar earns Eër br 
sand and grevel (industrial, 1984-85), 
and values indicated by symbol W.. XX 18,366 XX 98,261 XX 98,215 
Total otc we EE XX 199,409 XX . 241,701 XX 258,214 


See footnotes at end of table. 
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1988 1984 1985 
Mineral Value 


Quantity (nousanda) QUA (thousand) Deg (thousands) 


MASSACHUSETTS 
Clays `... thousand short tons. — 237 $1,298 240 $1,212 265 $1,388 
Lime EE do 156 10,671 171 12,426 159 10,935 
ane and gravel (construction) do 10, 400 *36,200 14,168 42,189 14.900 *47,500 
ne: 
4J4J4J4JJ*ͤ 0 eu Laus do 7.740 36.002 8. 400 99.000 9,354 42,881 
Dimensio/- „ do 51 10,488 57 11.657 73 13,724 
Combined value of gem stones, peat, and sand 
and gravel (industrial) XX 1,016 XX 898 XX 177 
Total. Beep oS XX 95,675 XX 107,332 XX 117,205 
MICHIGAN 
Clays _________ thousand short tons 1,199 $5,698 1,821 $5,062 1,477 $5,514 
Gem stones NA 1 NA 1 15 
Gyps um thousand short tons.. 1,097 8,104 1,534 10,304 1,772 11,888 
ane um d l weigh 10,713 13,263 W 12.629 
ousan tons. ight . ; 
ine ee tons.. 23,142 622 30,092 24,790 
// W LLL LE do- 215 4,286 227 4,341 282 5,414 
Ce y c ES c 1,855 93,306 1,491 93,860 991 75,030 
Sand and gravel 
Construction do 23.000 52,800 36.071 76.540 8,000 93,000 
8 Industrial do- 3,545 21,611 ; 33,060 ,945 25,469 
tone 
Crushed. ~- ------------- do___- 24,763 82.152 28. 100 000 30,685 95,953 
Dimension ET 4 112 *4 129 4 113 
Combined value of bromine, calcium chloride, 
cement, copper (1985), gold (1985), iodine, 
iron oxide pigments (crude), esium 
compounds, silver (1985), and values indi- 
cated by symbol & XX 882,239 XX 1,063,214 XX 1,010,672 
Total- -von eee EE XX 1,178,926 XX 1,408,607 XX 1,947,853 
MINNESOTA 
Gem stones NA $5 NA $5 NA $5 
Iron ore (usable) 
thousand long tons, gross weight 30,699 1,842,455 35,602 1,561,516 84,971 1,430,353 
Manganiferous ore short tona. . 11,314 W 68.019 W ee m 
Peat. --------- thousand short tona. . W wW 24 W 34 1,720 
Sand and gravel: 
Construction do 224.600 53.000 22,612 49,087 - 25.000 *55,500 
SES EE do- 685 12.932 W W 884 16,910 
ne 
J)) ase es do... 8,580 25,320 8,900 925,800 1,156 22,601 
Dimension do 28 11,365 *39 *13,369 87 13,598 
Combined values of clays, lime, and values 
indicated by symbol W `... XX 9,953 XX 26,470 XX 7.271 
„ ee ets due dw XX 1,455,030 XX 1,676,247 XX 1,547,958 
MISSISSIPPI 
Clay thousand short tons. _ 1,446 846 "21274 10,866 1,558 $34,864 
Sand and gravel (construction do 711,000 34,600 12,205 34.955 918,400 42,000 
Stone (crused )))) do- 1.651 4.877 2,000 5, 800 1.582 4.282 
Combined value of cement, clays (ball clay 
and fuller's earth, 1984), and sand and 
gravel (industrial XX 26,882 XX 742.016 XX 21,647 
Totül-- lnc cac eme XX 89,705 XX 798.187 XX 102,793 
MISSOURI 
Baris 3 thousand short tons. . W W W W 41 $2,791 
ment: 
Masonry .-------------- do- 146 $7,389 143 $7,088 189 6,630 
Portland `... do- 3,499 157,249 8,981 178,225 8,669 159,757 
Clays? -_---------------- do. 1,418 11,848 1,575 14,666 1,545 10,271 
Copper (recoverable content of ores, etc.) 
metric tona. . 1,125 18,038 5,818 8,575 13,410 19,797 
Gem stones NA 10 NA 10 NA 10 
Iron ore (usable) 
thousand long tons, gross weight. 877 27,054 1,370 W 1,110 W 


metric tons.. 409,280 195,620 278,329 156,766 — 871,008 155,955 
See footnotes at end of table. 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 
1988 1984 1985 


Mineral Val Val Val 
Quantity thousands) QUADY (thousands) Quantity (thousands) 
MISSOURI—Continued 
Sand and gravel: 
--- thousand short tons. — 91,100 817,700 1,967 $19,964 91,500 *$20,000 
E ed res NER UE ee 000 7,541 614 8,129 585 7,880 
Silver (recoverable content of ores, etc.) 
thousand Moy ounce = 2,021 23,124 1,401 11,406 1,685 10,044 
Stone (crushed) .. ... thousand tona. . 89,454 120,700 41.600 197,000 50,646 162,097 
Zinc (recoverable content of ores, etc.) 
metric tona. _ 51,044 52,062 45,458 48,701 49,940 43,908 
Combined value of (fuller’s earth), iron 
oxide pigments ), lime, stone (dimen- 
sion), and values indicated by symbol W . _ xx 92,596 XX 142,016 XX 136,370 
CCC xx 725,868 xx 181,897 XX 784,960 
MONTANA 
Antimony .-.-.....-._. short ton 253 mS 2z » Zu 
No thousand short tons. _ 10 $150 W W W 
ONE uror RR „ 194 6,206 7229 785,642 279 $8,296 
o mets : 56,345 W — 15090 — 22281 
Gem - NA 900 NA 450 NA 400 
Gold (recoverable content of ores, etc.) 
— 161,496 68,449 181,190 65,88 160,262 60,909 
Lead (recoverable content of ores, etc.) 
z 1,168 556 W KL 846 856 
Gees short tona. 86 w 89 5,097 W w 
Sand and gravel ( EE *5,000 10,200 7.776 21,269 9, 000 26.000 
3 5,708 65,299 658 46,018 4,010 24,680 
ounces. _ d 
Stone (crushed) _ . — tona. — 872 2,820 p *2400 21,780 195.044 
iron d molybdenum (1969). peat, 
ore, 
phosphate rock, sand (ind 
al), — stone 
by symbol W |... xx 81,644 XX 793,811 xx 62,356 
C Lec SERES XX 291,968 XX 7240, 085 xx 200,272 
NEBRASKA 
Gays `. thousand short tons.. 164 $501 180 $556 244 $718 
ES 8 NA Ww NA W NA 10 
Sand and gravel: 


Stone (cru) ame 4442 22,612 4880 *93,400 175 19,134 
Combined value of cement, lime, and valuss _ T 
indicated by symbol W |... xx 89,296 XX 48,621 xx 51,308 
Tell. oe er xx 87,400 xx 100,868 XX 99,970 
NEVADA 
rio thousand short tona. _ 668 $21,196 615 $14,924 590 $10,904 
e do... 58 2,848 320 21,191 280 23,776 
6— mum 8 NA 1.200 NA 1,800 NA 1,800 
Geld (recoverable content of ores, etc.) i 49,319 "1,020,546 "368,068 1.276.114 
ouncea.. .. 960,657 ` 405,369 
. — tone. — 908 7 1.192 8,800 1 8,942 
Lead (recoverable content of ores, etc.) De e 
metric tons. _ 7 wW o» (*) 
Mercury, 3 ri 76-pound flasks. 25,070 W 19,048 W 16,580 W 
--- thousand short tons.. — 1,500 416,200 8,202 20,505 500 24, 800 
SSS mea a ane W 489 Ww 479 W 
d et "6.179 59,252 6,477 52,727 4,947 80,883 
ounces. — 
Stone (crushed) .... _ — Mio tona. _ 1,260 5,58 1, 100 . 700 1,884 6,218 
Combined cement (portland), clays 
(fuller’s earth end kaolin, 1984-85), copper, 
» iron ore, lime, um 
lite, salt, ore and aoatra dui 
(1984), pol pi tan indicated by symbol W xx 111,178 xx 151,787 xx 139,191 
Total. aso 0 xx "682 494 XX 7624.062 Xx 630,883 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 


Mineral Value Value Value 
Quantity (thousanda) Quantity (thousands) Quantity (thousands) 
NEW HAMPSHIRE 
Sand and gravel (construction) 
ER thousand short tona. _ 94.000 *$12,100 5,637 $16,064 6,300 319.800 
ne: 
ruhe!!! do. ___ 946 2,853 *850 2.700 1.612 6,434 
Dimension s 58 4,032 *59 94,198 79 6,532 
Combined value of other industrial minerals XX 101 XX 160 XX 134 
Total A: ncn EC ee d XX 19,086 XX 23,112 XX 82,900 
NEW JERSEY 
Clas thousand short Long 62 $596 r $611 130 $2,050 
Gem stones A 1 N 1 N 
Pest. ....- thousand short tona. . W 5 128 W 811 
Sand and gravel: 
Construction- 222-2. do... 10,800 934,900 9,545 $31,878 10,600 936,700 
Industria] ______________ do 2,386 31,819 2,712 32,287 2,820 31.119 
Stone (crushed) ~- )) 12,301 70,421 713, 500 975,000 15,692 94,339 
Zinc (recoverable content of ores, etc.) 
metric tona _ 16,476 15,038 W W W Ww 
Combined value of magnesium compounds 
(1983), marl (greensand), stone (dimensio 
1983-84), and values indicated by symbol XX 2,445 XX 16,331 XX 13,056 
r!!! ðͤ Laus XX 154,615 XX 156,236 XX 171,516 
NEW MEXICO 
Class thousand short tona. . 50 $115 61 $143 60 $161 
Gem stone NA 200 NA 200 NA 200 
Gold (recoverable content of ores, etc.) 
troy ounces. _ W W W W 45,045 14,309 
Gypsum. ------- thousand short tona. . 169 1,016 818 1,622 350 1,570 
Lead (recoverable content of ores, etc.) 
metric tons. _ 258 123 zc rS W W 
Lin thousand short tons. _ 17 W Bow ZI E zn. 
rl 88 do 894 13,297 416 14,115 419 14,521 
Potassium salts __ thousand metric tona. _ 1,278 174,700 1,418 204,100 1,120 156,000 
Pumice thousand short tona. _ 110 1,070 182 1,269 152 | 1,114 
aon and gravel (construction) _ do... 97.000 *20,000 8,963 22,389 *8.400 22,800 
tone: 
Crushedd -_ do. ..- 4,730 15,118 4.700 177000 3,641 15,282 
Dimension _____________~_ do 18 141 *19 149 20 271 
Combined value of cement, r, helium 
(Grade-A), mica (scrap), molybdenum, salt, 
silver, tungsten ore and concentrate (1984), 
and values indicated by symbol ow XX 291,411 xx 1874. 855 XX 430,705 
Total: EE xx §17,191 XX "635,842 XX 656,889 
NEW YORK 
A S thousand short tona. _ 2371 3543 3$2.435 700 $3,129 
Gem stones NA 30 NA 80 N 
Lead (recoverable content of ores, etc.) 
metric tona. _ 1,299 621 Ww WwW W W 
Peaat thousand short tona. _ 18 W W w W W 
LEE do 4.859 100,119 5,644 128,755 6,928 142,318 
Sand and gravel 
Construction. 22. ~~ do... 138, 700 54, 200 25,968 80,868 28.000 *88,500 
Industrial Eu W 
Silver (recoverable content of ores, etc.) 
" troy ounces. . 88 379 W Ww W W 
ne 
Crushed_ p thousand short tons. . 31,991 134.752 83.100 135,000 35,189 165.136 
Dimension do- 24 4,310 15 4.271 16 3,666 
Zinc (recoverable content of ores, etc.) 
metric tons. _ 56,748 51,783 w W W W 
Combined value of cement, clays (ball clay, 
1983-84), emery, garnet (abrasive), gypsum, 
lime, talc, titanium concentrate (ilmenite, 
1983-84), wollastonite, and values indicated 
by symbol — XX 156,351 XX 265,873 XX 254,529 
Total 2.5 ----------------- XX 503,414 XX 612,490 XX 657,308 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1988 1984 1985 
Quantity Tad ue nda) Quantity med a nds) Quantity W da) 


NORTH CAROLINA 
Cay ·˙ thousand short tons. — 068 226, 688 $10,477 
Feldspar |... „ short tons. _ See 18,610 510,275 18,994 490,993 8, 
(scrap) — thousand short tona. E 4,266 79 8,762 80 8,726 
Sand and gravel: 
Construction do 65,600 16, 900 6,312 18.159 6,100 19,500 
Dette PFF da 1,066 11,689 1,158 12,864 1,204 13,086 
Crashed. 22-2 --- do 83,694 145,001 8, 100 168.000 41,771 194,818 
Dimension TON 81 8,261 W W 85 6,132 
Tale and illite `. do 89 1,452 81 1,587 1,604 
value of cement (1983), clays 
(kaolin, 1983), lithium 
rock, and value indicated 
amboi H, XX 190,641 XX 224,077 xx 170,012 
Total oo fees eee eee xx 898,557 XX 451,480 XX 482,756 
NORTH DAKOTA 
Gem Stoma NA = NA $2 NA 
Lime ` thousand short tona. — 51 6,7 60 §,912 56 
Sand and gravel (construction) .. . _ do *3,800 *15,000 6,426 11.351 *6,900 *13,800 
Combined value of clays, peat, salt, , and stone 
1985) .-.-------------- XX 3,570 XX 4,529 XX 4,820 
Totàl -—— —————— Loo XX 25,870 XX 21,794 xx 24,184 
OHIO 
Cement: 

TENE thousand short ton 91 A54 101 092 110 $10,412 

Portlandgdg ---- do- 1.575 1.599 1,525 69,810 1,769 
CONGO oe ITE do... 1 116 8,061 1, 4 2,114 10,581 
Cen t ns NA W N 
Lin thousand short tons. . 1,906 84,928 1,859 81,951 1,730 84,142 
La TEEN Beck W W 18 6 418 
Bi. o ( da 2,565 85,988 W 4,188 148,949 
Send and gravel: : 

V do 27,200 84, 600 81,148 104. 709 33, 000 109, 000 
Industria da- 1,226 17,848 1,506 20,829 1,812 21,945 
Crushed ------------- da $2,987 114,059 8, 500 189,000 88,310 186,544 
Dimension _____.._._____ de. 49 2,923 97 *3,454 58 8,661 

Combined value of abrasi and 
values indicated by symbol 33 XX 1,684 xx 108,240 XX 1.541 
SJ —— ee XX 479,144 XX 652,908 XX 607,127 
OKLAHOMA 
Cement: 
SE thousand short tona... 45 $3,074 49 HACER 48 $2,854 
EEN da 1.719 83,685 1,782 ,701 1,589 12,583 
6—ꝛ cmn do 862 2,288 979 
W e thousand short tons. . 1 P | "T ile 12,495 1 Gu 12548 
Pumice | LL ------------ do 1 W W W * W 
Sand and gravel: 

IO Lue EEE acu do. 7,500 17, 800 10,984 26,582 12,600 932,300 
Industrial do 1.184 18,221 W w W W 
Crushed. SE da 28,865 16,941 925,500 000 31,178 98,811 

F da- 10 787 712 6771 11 
Combined value of ee salt, 
tripoli, and values by W XX 17,867 xx 28,187 xx 29,335 
Toll] os eet eee eo ES XX 226,186 XX 245,182 XX 251,607 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 


1983 1984 1985 
Mineral : Value ; Value 


OREGON 
Clayhů thousand short tona. . 188 $275 189 $288 188 $285 
Gem stones N NA 400 NA 350 
Gold (recoverable content of ores, etc.) 
troy ounces. _ 822 187 W w W W 
Nickel (content of ores and concentrates) 
E i short tona. — 2z Ja 14,540 W 6,127 W 
and gravel (construction) 
thousand short tons. 1 1. 000 *37,000 12,776 87,117  *12,500 *36,800 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. . 1 10 wW W AE NI 
Stone (crushed) ___ thousand short tons 13,089 89,8973 12.500 €37,500 15,336 54,244 
Talc and soapstone __________- do (3) 123 3) 66 3) 30 
Combined value of cement, copper (1983), 
diatomite, lead (1983), lime, pumice, sand 
and gravel (industrial, 1983), stone (dimen- 
sion, 1983 and 1985), and values indicated 
by symbol KTK XX 32,922 XX 45,081 XX 88,587 
Total__.-.----------------- XX 110,940 XX 120,402 XX 180,296 
PENNSYLVANIA 
Cement: 
Masonry ...-- thousand short tons 262 17,095 298 $20,849 308 $20,970 
Portland do- 5,154 18,539 5.785 281.590 5.535 288,036 
iva m ea Se east eyes POR 916 4311 963 4,050 1,142 5,293 
Gem stones NA 5 N NA 
Line thousand short tona. . 1,507 81,682 1,620 90,182 1,492 85,269 
777% c we EL do- 22 62 24 693 
Sand and gravel 
Construction... - - --- --- do  *11,800 52. 000 14,472 64,285 17.000 *74,000 
Industrial `... rn wW 9,846 
Stone: 
Crushed. -- ------------- do- 51,523 226,948 556, 200 228.000 64,765 310,859 
Dimension — 53 5,799 *44 *6,001 1 8.214 
Zinc (recoverable content of ores, etc.) 
metric tona. . 16,792 15,322 = 2a aS [s 
Combined value of clays (kaolin), mica 
(scrap), and values indicated by symbol W _ XX 12,812 XX 12,701 XX 1,380 
TOU onmia hate a t edet XX 635,141 XX 108,356 XX 804,474 
RHODE ISLAND 
Sand and gravel (construction) 


Combined value of gem stones, sand and 


1,483 $5,282 21.200 SE 
Stone (crushed) -~ -- ---------- do 971 5,507 1, 000 5,800 . 191,135 107 016 
avel (industrial, 1984-85), and stone xx 


crushed traprock, 1988) XX 23 486 XX 576 
vr TEE XX 7,930 XX 11,568 XX 12,192 
SOUTH CAROLINA 
Cement, portland thousand short ton W W 2,319 $103,891 2,207 $104,705 
Clays? - ĩðͤ ĩð LdEL S do- 1.813 $34,830 1,834 36,809 1,896 37,695 
Gem stones_ - ------------------— NA 10 NA 10 NA 10 
Manganiferous ore thousand short tona. 22 W 20 W 20 
„CCC TONS W W 5 W W 178 
Sand and gravel 
Construction... -- -------- do. __. 95,200 *15,000 5,845 17,097 *4,900 *14,000 
Industrial 19! do- 842 13,169 882 14,889 794 14.092 
ne: 
Crush ed do- 15,786 61,054 717,900 912,500 17,079 12,520 
Dimension ___.._.._._--- do 17 1.165 16 1.092 8 541 


Combined value of cement (masonry), clays 
(fuller's earth), gold (1985), mica (scrap), 
silver (1985), vermiculite, and values 


indicated by symbol vv—! XX 105,366 XX 29,562 XX 82,193 
rr XX 230.594 XX 275.850 XX 275.929 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1983 1984 1985 


Mineral : Value j Value : Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 


SOUTH DAKOTA 
Cement: 
Masonry .....- thousand short tons. _ 4 $359 5 $283 4 W 
Portland ________.-_-_--- do- 603 37,435 619 30,773 655 W 
Clays? ose lone ee Li do 123 353 119 843 117 $309 
Feldspar |... .....- short tona. _ 7,109 107 1,219 124 13,721 W 
Gem stones NA 10 NA 70 NA 70 


Gold (recoverable content of ores, etc.) 
troy ounces... 309,784 131,848 — 310,527 111,994 856,108 118,119 
Gp urn thousand short tons. . w W W W 34 269 


Sand and gravel (construction) do- *5,100 *11,500 5,786 12,168 *6 400 *16,000 
Sil ver (recoverable content of ores, etc.) 

thousand troy ounces. . 62 T18 50 407 63 388 

Crushed __ thousand short tons. . 3,906 12,982 €3,800 *12,800 4,071 14,412 

Dimension _____._____ __- do 42 15,794 *60 *18,642 w w 


Combined value of beryllium, clays (ben- 
tonite), lime, mica (scrap), and values 


indicated by symbol p xx 11,432 xx 711,265 XX 62,772 
I acu E RENE XX 222,093 XX T198,869 xx 207,839 
TENNESSEE 
Cas thousand short tona. _ 1,066 $26,516 731,165 721,690 31.244 3$25,913 
Gem tones NA 5 NA 5 NA 5 
Phosphate rock __ thousand metric tona. — 1,193 29,078 1,368 33,215 1,233 21,600 
Sand and gravel: 
Construction. thousand short tona. _ *6 100 *18,700 6,304 19,830 *1.200 #22 000 
Industrial do 483 5.455 650 6.903 569 6,156 
Crushed. - ---- --------—-- do...- 80,578 111,573 $36,200 *138,000 37,939 *155,760 
Dimension do 7 1.161 «T *1,097 5 173 
Zinc (recoverable content of ores, etc.) 
metric tona.. 109,958 100,336 116,526 124,854 104,471 92,971 


Combined value of barite, cement, clays (ful- 
ler's earth, 1985), copper, lead (1984-85), 
lime, pyrites, silver, and stone (crushed 


granite, 1985) L. —------------——— XX 114,493 XX 131,918 XX 141,109 
Total. cs nec he Sy tn XX 401,312 XX 1477.572 XX 472.287 
TEXAS 
Cement: 
Masonry ....- thousand short tona. _ 276 $19,704 291 $24,409 263 $22,114 
Portland o. co 9,760 8 10,423 551,421 10,242 532,494 
(ANAL elec te do 3,955 22,575 1 23.517 r 317.091 4,107 28,059 
Gem stone n NA 225 A 175 NA 175 
Gypsum. ______ thousand short tona. _ 2,049 16,357 2,166 19,431 1,981 17,299 
Helium (Grade- A) million cubic feet. 524 18,340 W W W W 
lime thousand short tona. _ 1,067 60,193 1,157 61,214 1,192 65,927 
CY RPM CERDO fh on he Bs do- 8.028 65,670 8,184 69,672 8,390 80,434 
Sand and gravel: 
Construction. ~~ ___ do ... 558,500 €208,000 62,389 199,461 57,800 €198,000 
„ TERRE PUER do...- 1,788 29,637 2,028 29,282 1,968 29,095 
Crushed_ DOPO: do- 76,328 239,187 89, 200 €300,000 85,764 306,821 
Dimension do 50 11.071 47 11.236 37 11.760 
Sulfur (Frasch) — thousand metric tons. . 2,468 w 2,994 W 2,979 W 
Tale and pyrophyllite 
thousand short tons 250 3,933 1240 14,125 261 5,245 


Combined value of asphalt (native, 1984-85), 
clays (fuller’s earth and kaolin, 1984), 
ſluorspar. helium (crude), iron ore, mag- 
nesium chloride, magnesium compounds, 
mica ‘scrap, 1984-85), sodium sulfate, 


and values indicated by symbol W_ _ _ ___ XX 279,291 XX 7419,861 XX 435,936 
EE —— — 
ee... eee E XX 1,508,481 XX — "1,713,378 XX 1,733,359 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 
1983 1984 1985 
Mineral Value 4... Value Val 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
UTAH 
Beryllium concentrate _ _ _ _ _ _ tona. _ W W 6,080 $6 5.788 $6 
EE energy short iie t 3$1,569 815 223 2,509 
Copper (recoverable content of ores, etc 
metric tons 169,751 286,403 W W W W 
—:; 80 NA 80 NA 80 
Gold (recoverable content of ores, etc.) 
- 238,459 101,107 W 135,489 43,089 
8 de thousand short tons _ 2,736 277 2,671 418 4,033 
noe EE ey Sl eee PP "m 315 16,771 291 16,471 11,912 
ER BCE 936 23,184 1,246 28,651 1,189 28,468 
Sand and gravel 
535 da 9,800 19,800 agr 34.507 *14,000 *36,400 
Silver (recoverable content of ores, etc) ` 
ounces. _ 4,567 §2,242 W W W 
Stone (erushed) short tons. _ 4,407 14,636 5,200 16,400 4.657 14,180 
Combined value of asphalt (native), cement, 
clays (fuller's | : ore 
(usable, 1 (1984), ^ (1888 
compounds, molybdenum, por 
te um salts, sodium 
„ 3 , 1983 and 1985), 
vanadium (1983-84), zinc (1984), and values 
indicated by symbol rh . XX 138,051 XX 424,8238 XX 171,732 
EE XX 656,579 XX 525,382 XX $12,859 
VERMONT 
Sand and gravel (construction) 
ES thousand short tona. . *3,000 *$6,200 8,802 $8,071 *2,100 *$1,000 
Cruse da 1.339 5,579 800 *7,000 1,689 7,468 
nion do. ..- 116 19,995 116 *20,462 116 26,346 
Combined value of talc and other industrial 
GE XX 10,355 XX 9,565 XX 9,040 
Total P XX 42,129 XX 45,098 XX 49,854 
VIRGINIA 
Gu. thousand short tons- . 
Iron oxide pigments, crude .. chort tons _ W W W W 2,280 W 
3 short tona. _ 557 24,637 562 24,799 28,108 
Sand and gravel (construction) _ _ da 91,200 *80,800 8,860 87.359 *10,200 *42,000 
Crushed_ —  —— M Ü€ do... 31,959 159,553 941,200 *196,000 51,686 221,900 
FFC Eeer 93 2,238 *22 43,052 10 3,136 
Combined value of aplite, ceme 
kyanite, sand and gravel (ind ), talc 
), U ues indi- 
cated by aymbol r p p XX 66.629 XX 74.355 xx 79,140 
C XX 289,344 XX 341,589 XX 381,276 
WASHINGTON 
Claes thousand short tons . 3282 231.715 292 r 281,598 243 $1,402 
Gem tones NA 200 NA 200 NA 200 
Pet. sone thousand short tonsa. — W W W W 12 292 
Send and gravel: 

FFC do. ... 115, 800 50, 300 23,369 61,070 22,700 262, 300 
Industria do 331 4,581 356 5.201 322 5. 589 
Crushed. a ----------- do.--- 0445 29,607 "10400 5790 4845 31,052 

Combined value of barite, calcium chloride _ = Hu 
(natural, 1985), lg 8 (fire ao 
1983-84) diatomite, 
olivine, aby abl tale d a ine 
indicated by symbol T XX 101,025 XX 102,855 xx 142,782 
KT EE XX 187,465 XX 202,624 XX 243,670 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 
1983 1984 1985 


: e Value : 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 


WEST VIRGINIA 
Cay thousand short tons. . 3249 23532 881 $3,410 831 $3,342 
E PERPE do 1,026 W 1,004 895 w 
Sand and gravel (construction) . do... $100 *3,400 976 8,198 *900 *3,000 
Stone (crushed) 2... do 9.439 37,962 9,100 37,300 9,393 38,348 
Combined value of cement, clays (fire clay, 
1933), lime, sand and gravel industrial), 
and values indicated by symbol W XX 62,079 XX 68,279 XX 60,719 
Total. c oe oe ee ee XX 103,973 XX 112,187 XX 105,409 
WISCONSIN 
Tiu EEN thousand short tona. _ a $17,624 373 $19,892 SC $19,001 
S. ³ðÄ2 % x 8 Sate 
Sand and gravel 
Construction do 114.200 28, 800 17.785 38.245 116.000 6.000 
Industrial do 621 7.208 1.060 11.821 1.197 14.624 
Crushed _------------—- do 14,252 39,896 — *15,800 45,000 14,496 42,380 
Dimension do- 24 2,884 *24 *2,863 22 2,738 
Combined value of abrasive stone, cement, 
and values indicated by symbol W XX 4,779 XX 11,527 XX 10,372 
Total. iᷓ⁰w XX 101,191 XX 129,348 XX 125,110 
WYOMING 
Clay thousand short tons. . 2,140 $49,059 2 628 "$61,921 2,302 $64,146 
Gem stones NA NA N 
Gypsum________ thousand short tons 382 2,963 376 2,618 516 4,488 
Sand and gravel (construction) do 2, 400 8,000 4.586 13,372 93,500 *11,000 
Stone (crushed) )) do 2,019 7,169 11.900 ,600 92,030 ,929 
Combined value of beryllium concentrate 
(1983), cement (portland), iron ore (1983), 
lime, sodium carbonate, and stone (crushed 
granite, 1988905 XX 561,860 XX 458,187 XX 465,275 
Total- o . ee te XX 629,901 XX 549,923 XX 552,468 


licable. 

pi roduction as measured by mine shipments, sales, or marketable production (including consumption by producers). 

Excludes certain clays; value included with Combined value” figure. 

Less than 1/2 unit. 

Partial total, excludes the values of magnesium compounds, which must be concealed to avoid disclosing company 
Proprietary data. 

*Excludes bentonite and fire clay. 

*Excludes marl; value included with "Combined value“ figure. 

TExcludes salt in brines; value included with "Combined value” figure. 

*Excludes sandstone; value included with “Combined value” figure. 

"Excludes other stone; data included with Combined value” figure. 

J*Excludes traprock; data included with Combined value” figure. 


Table 6.—Mineral production! in the islands administered by the United States 
(Thousand short tons and thousand dollars) 


1983 1984 1985 
Area and mineral ————— —— — . 
Quantity Value Quantity Value Quantity Value 
American Samoa: Stone NA NA NA NA OH 1 
Guam: enen 329 2,192 *345 2.280 548 3,731 
Virgin Islands: Stone 231 2,305 *249 2,391 214 2,405 


"Estimated. NA Not available. 
Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
Lens than 1/2 unit. 
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Table 7.—Mineral production: in the Commonwealth of Puerto Rico 


(Thousand short tons and thousand dollars) 


Mineral 1983 1984 1985 
Di Quantity Value Quantity Value Quantity Value 

Cement (portland) 931 82,509 997 87,568 962 12,602 

ClüylB coSed et etim 8 125 251 128 266 118 264 

Lim oe ot os a ³ͤé K ⁰ʒ eee art 35 3,885 35 4,531 23 3,249 

Sand and gravel ___.__..-.-_------- NA NA 43 W "Y PEN 
Stone: 

Crushed . 2 ee uev 5,536 26,611 *5,813 27,675 5,493 25,799 

Dimension- ---—----------------- W W *35 *455 Er za 

Total e shat o E ees XX 113,256 XX 120,495 XX 101,914 


Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data; not included in Total.“ 
XX Not applicable. 

IProduction as measured by mine shipments, sales, or marketable production (including consumption by producers). 
Total does not include value of items not available or withheld. 


Table 8.—U.S. exports of principal minerals and products, excluding mineral fuels 
1984 1985 


Mineral " Value ; Value 
Quantity (thousands) Quantity (thousands) 
METALS 
Aluminum: 
oe slabs, crude ~- --------------- metric tona. — 259,598 $396,798 847,292 $441,598 
Serap een Uber Ne eu iE RE do 258,404 275,686 374,646 350,669 
Plates, sheets, bars, etc. - ----------------— do....- 198,399 496,841 167,874 411,337 
Castings and forgings NU CAU EROR ES NIRE do 11,590 69,845 12,408 74,498 
Aluminum sulfate |... LLL Lll lll. do- 2.789 1.185 5,698 1,178 
Other aluminum compounds do- 37,616 31,700 32,390 27,829 
Antimony, metals and alloys, crulle short tons §11 915 362 876 
Bauxite including bauxite concentrate thousand metric tons 82 12,735 56 6,407 
Beryllium p pounds. _ 39,315 2,562 119,428 6,375 
Bismuth, metals and alloh ~- ---------------- do 311.511 1.091 268.669 
Cadmium metlalllẽ“l c- metric Long 106 208 86 342 
Chromium: 
Ore and concentrate: 
ports Db ee ac thousand short tons. . 55 2,951 101 4,600 
Reexports ˙ꝗ locu AAA do- 4 864 670 
Ferrochromium -~ - - - -—----------------—-— do_ 15 10,542 10 7,688 
Cobalt (contentnhi „ thousand pounda.. . z 670 7,661 627 7,355 
ci re, 
, concentrate, composition metal, unrefined (copper 
enten o eee metric tons. _ 14,528 91,558 168,024 175,307 
WED oo ec ee dro cs do. ou 80,810 96,266 134,300 132,386 
Refined copper and semimanufactures . _- _ - do- 135,885 351.999 101.121 448,227 
Other copper manufacturers do. ... 13,817 30,438 7,883 17,522 
Ferroalloys not elsewhere listed: 
Ferrophosphorus -----------------—-- short tons 39,603 5.279 49,674 5,776 
1213 B Gee ee ee do- 27.485 16.158 14.498 24,581 
Ore and base bullion -~ nnn troy ounces _ 1,498,617 528.284 1.078.369 334,331 
Bullion, refin hh do- 3,482,473 1,284,718 2,888,309 919,433 
Fer. ens eh ese thousand long tons. . 4,993 239,257 5,033 240,557 
Iron and steel 
Pig iron e o m uu e uar Sela 888 short tons 56,674 5,685 31,614 3,543 
Iron and steel products (major): 
Steel mill products . ---------------- do- 977,284 904.011 929,954 855.078 
Other steel producta. - ---------------—- do.... 261,246 513,942 200,387 465,672 


Iron and steel scrap: Ferrous scrap including rerolling 
materials, ships, boats, other vessels for scrapping 


bd thousand short tons. _ 9,840 938,402 10,191 940,416 
Ore and concentrate metric tons 11,858 4,760 9,987 4,503 
Pigs, bars, anodes, sheets, etc. 2.2. -- do- 7.445 15.214 27,342 20,977 

POD scot coh os tee ha ase ͤ ͥͤ Ee do 45,097 11,575 59,949 12,963 

Magnesium, metal and alloys, scrap, semimanufactured 

forms, n. e uk „„ short tons 48.337 136,661 40,322 113,600 
anese: 
Ore and concentrate _________________-_- do 287.606 15,643 56.040 4,286 
Ferromanganese ________________-----.- do. ___ 6,764 4,397 6,927 4,762 
Silicomang ane „ do- 5.333 2.237 3.089 1.359 


Jö i˙ ) . el eee do... 4,082 5,915 5,162 1,242 
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Table 8.—U.8. exports of principal minerals and products, excluding mineral fuels 
Continued 
1984 1985 
Mineral 
Quantity Value Quantity Value 
METALS —Continued 
geg See trate (molybdenum content) 
. 
EEN FER 414 5,954 546 6,180 
forms, n.. .F. da 257 6,368 408 8,390 
Ferromolybdenum .....---------------- da $50 1,567 1262 2,698 
Com JJ 8 26,602 56,458 23,169 46,109 
Primary ( commercially pure, anodes, ferronickel, 
NL IT Met tone. - 86807 131.490 24,854 96,508 
strip; tubes, pipes, blanks, Coupe? hallow bar wire) 
Compound and waste and T: 15,861 28722 3325 49,516 
e srap- - — e 
Muri ani eee, 
ru 
osmium (metal and alloys including — y da Tert.am 14,748 339,254 56,116 
Platinum (metal and alloys)... .------ ENDE 220,885 6,149 187,018 54,052 
Rare-earth metals: and alloys ..... short tona. . 84 809 8117 
— se ta “ E z 122,929 1,587 154,122 1,481 
Ferrosilicon veis ep ute de 5 short Gs 29,904 21,135 12,969 12,071 
do. ..- 6,023 8,618 5,186 1,446 
e thousand troy ounces. . 14,108 119,965 12,145 79,086 
Bullion, :::... sc eee i do 0,340 12,611 81,746 
metal, other orm thousand pounds. . 508 24,608 491 19,265 
. 77/7 LD oe RR RET oe ety TSA 8 do 151 17,026 148 15.155 
Ingots, pigs, bars, etc.: Exporte metric tona. — 1,429 14,409 1,478 16,744 
Tinplate and terneplate ......_____...__ -- ae 154,679 088 155,119 85, 
Ore and concentrate _.___.._________ short tona... 8,651 1,986 21,159 6,953 
LI ͤ ͤ — EE NE mg 
nec. - æ We = e $ LU 
Pigments and oxides _.__________.___.___ do 108.247 02,828 1 112,870 
(tungsten content). 
and concentrate ___._..__________ metric ton 129 1,240 124 831 
ENEE P 448 12,415 661 15,784 
y Alloy por „„ do 816 17,329 1,449 1 
Ore and concentrate (vanadium content) 
Pentoxide, etc We ee d E 14514 3088 6,300 
da '938 5,205 908 4,791 
Slabs, e ae metric tona. _ 760 975 1,011 1,525 
strips, other forms, ne do- 976 2,421 176 973 
Waste, scrap, dust (sinc content) |... do... 42,079 23,871 45,984 22,080 
forms, nec -.------------- da 1,428 2,849 2,674 500 
Ore and concontr att do.. 30,579 18,853 264 8,216 
Ore and concentrate ...______________ short tons. — 9,528 2,647 16,855 8,965 
) 8 ore 422 1,268 1,048 8,332 
Metals, alloys, other forms `... HA 808 1,153 51,558 
INDUSTRIAL MINERALS 
Abrasives (includes . 
reexports): ous 
Powder or deg... thousand carats. _ 41,992 74.887 51,598 81,806 
Other o2 ͤ Kw oA eT 8,301 30,441 8,291 29,530 
Diamond wheels ee 596 5,141 553 6,603 
Other natural and artificial metallic abrasives and products xx 999,719 XX 389.716 
3 353 ee metric tona. _ $9,779 18,221 45,075 16,866 
EE XX 162,690 XX 198,476 
5 pe DE metric tona. .. 140 125 581 123 
agg Sag ù . EE XX 651 XX 289 
Becke Natural barium sulfate__.__________ short tons. _ 1,449 514 5,876 692 
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Table 8.—U.S. exports of principal minerals and products, excluding mineral fuels 
—Continued 


1984 1985 


Mineral : Value : Value 
Quantity (thousands) Quantity (thousands) 


INDUSTRIAL MINERALS —Continued 


Boron 
e BEE short tons_ _ 44,728 $24,402 49,457 $21,598 
Sodium borates, refined |... do 1576,231 134.000 623,375 151,000 
Bromine compounds thousand pounds. . 53,200 16,200 61,000 23,400 
cium: 
Other calcium compounds including precipitated calcium 
carbonate 2 oo ence short tona. . 31,000 17.000 49,000 25,000 
Chloride EE do- 34.062 20,568 26,143 6,343 
Dicalcium phosphate do. ... 40.000 33,000 58,600 43,000 
55 Hydraulic and clinkeerrrr ~~ da- 80, 007 13,496 97.897 21.478 
Clays: 
Kaolin or china ela thousand short tona. _ 1,418 170,137 1,381 174,204 
Bentonite- ~~~ ~~ do 563 45,375 640 973 
e tee a eee aa 8 718 80.221 759 90.694 
Diatomite_ - ------------------—----—---- do- 127 29,461 120 28,519 
Feldspar, leucite, nepheline syenite _________- short tons. . 10,080 920 9,280 680 
FHC V-: do- 12.266 1.292 9,671 1,063 
Gem stones (including reexports): 
Diamond ~- -----------------—-— thousand carata__ 2,273 574,719 2,378 571,300 
Pearle oc, tot 0¼.c ið a s XX 8,265 XX 3,600 
Other o e enel LL Ut dm LU ear XX 98,150 XX 56,500 
Graphite, naturl - - ----------------- short tons. _ 7,096 2,807 10,159 3,830 
Gypsum: 
Crude, crushed or calcined `... — thousand short tons 131 12,711 83 13,021 
Manufactured, wallboard and plaster articles XX 17,141 XX 13,398 
Helium --------------------- million cubic feet. 392 21,461 439 25,316 
LIme-.. ee eee 8 short tons 24,714 6,805 19,383 5,155 
Lithium compounds: 
Lithium carbonat thousand pounds. _ 18,069 24,487 13,916 19,006 
Lithium hydroxide - -------------------- do 8,198 14,108 7,853 13,709 
Other lithium compounds do____ 5,430 9.765 5,608 12,453 
esium compounds: 
esite, dead burn short Long 17,275 3,641 24,805 §,529 
„ crude, caustic-calcined, lump or ground do-—- 32,053 14.026 21.567 9,773 
Waste aste, scrap, ground thousand pounds. . 15,306 2,038 17,318 2,310 
Block, film, splitting do ___ 348 549 82 159 
Manufactured, cut or stamped, built-up. - - _ _ _ - _ - do____ NA 4,519 NA 5,103 
Mineral-earth pigments, iron oxide, natural and synthetic 
short tons 32,428 31,832 29,720 27,574 
Nitrogen compounds (major! thousand short tons. _ 10,439 1,635,430 10,799 1,553,387 
EDD ate rocekkkkkkkkkk thousand metric tons. . 111.316 392.032 10.284 281.515 
osphatic fertilizers: 

Phosphoric acid do 1867 7181,055 716 141,162 
Superphosphates _ -__------------------ do 2,847 7149,150 5,524 176,515 
Diammonium phosphates ~. - -------------- do- 6,346 1,200,579 6,131 1,048,322 
Elemental phosphoruns metric tons. — 14,852 22,375 17,131 27.024 

E ements and compounds: Zinc oxide (metal content) do- 288 621 359 1,005 
otas 
Potassium chlorid do 621,820 57,200 699,770 NA 
Potassium sulfate... LLL ~~~. __ 2c do- 67.320 13,940 91.000 NA 
Quartz. crystal: 
, ³ð e thousand pounds 277 11,021 185 8,723 
33 JJ 8 do. ___ 42 234 60 290 
Crude and refined thousand short tona. _ 820 15,299 904 15,988 
Shipments to noncontiguous territories. |... _ _ _ _ do 118 2,301 23 5,196 
Sand and gravel: 
Construction: 
„ do- 1.210 8.094 997 6212 
p e E do 635 2,231 516 2,723 
Industrial sand __-___~__________________ do. — 1,193 27,656 866 22,580 
Sodium compounds: 
Sodium carbonate. - - --..-------------——- do- 1.648 160.774 1.771 186.064 
Sodium sulfat k do- 76 9,587 119 11.899 
ne: 
VPP mdr 60 tee do 2.378 23,970 2,372 29,347 
Dimension oe ee A do____ NA 723,007 NA 13,835 
Sulfur, crude thousand metric tons... 1,334 156,067 1,365 189,248 
Talc, crude and ground thousand short tons. _ 256 16,162 237 14,282 
fr ³ AAA eat ener ied XX 13.988.499 XX 13.065.121 


"Revised. NA Not available. XX Not applicable. 
Not comparable to prior years owing to regrouping of nickel forms. 
Silicon carbide (crude and refined) has been deducted and is shown separately elsewhere in this table. 
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Table 9.—U.S. imports for consumption of principal minerals and products, excluding 
mineral fuels 


Mineral 
Quantity 
METALS 
Aluminum: 
/// ĩ¹A metric tona. _ 881,956 
Scrap- - un y . enu 137,615 
Plates, sheets, bars, etc... do. ... 457,562 
Aluminum oxide (alumina) 
ousand metric tons 4,466 
Antimony: 
Ore and concentrate (antimony content) 
rt tona. _ 4,299 
uide including needle or liquated _ ~~~ _ do—— S Dr 
Onda J : NUS oe 17,884 
Arsenic: 
White (AsO; contentt ?)) do... 13,985 
Malls eee do- 304 
Bauxite, crudle thousand metric tona. _ 110,228 
Beryllium ore short Long 1,332 
Bismuth, metals and alloys (gross weight) pounds. . 1,948,394 
Cadmium metal... metric tons. — 1,889 
Calcium metall pounds_ _ 248,973 
Cesium compounds and chloride do- 53,652 
Chromium: 
Ore and concentrate (CraO: content) 
e " igh 33 ahoari (oni » 130 
errochromium S Hid weight). e eee 
Ferrochromium-siliſotn[nßnn do.. 8 
l/ ³⁰ n eadem do- 5 
Codalt: 
Metal l/»˙»ů thousand pounds... 23,316 
BO uM ` sé 
ts com weight) 8 , 
Columbium ore do- 3,265 
r (copper content). 
concentrate metric Gong 11.056 
ll po MN MR rp do... 2,094 
Ee SE EE do- 38.949 
un in ingots, et do 444,699 
7 8 do- 23.005 
Fert ys not elsewhere listed, including spiegeleisen 
short tons. . 5,321 
Gallium EE kilograms. . 9,669 
Germanium.. -~ - -- LLL LLL LLL -__- do- 116.719 
Gold: 
Ore and base bullion _.____.___ troy ounces. — 1,837,052 
Bullion, reſineddʒl do. ... 6,031,550 
Hafnium. non E short tons 1 
ain thousand troy ounces_ 1,022 
lron ore o ee eee thousand long tons. 17,187 
Iron and steel 
Pie iron o Ama ML LED short tons 702,355 
Iron and steel products (major): 
Steel mill productg ____- do 26,169,048 
Other products ~- .------------- do. ___ 71,146,133 
yo Tap including tinplate ..... thousand short tons... 572 
Ore, flue dust, matte (lead content) metric tona. _ 29,888 
Base bullion (lead content)!vjvhvhvv do ... 43 
Pigs and bars (lead content do- 161.489 
Reclaimed scrap, etc. (lead content do- 5.026 
Sheets, pipes, DA ee ANM ee do _ __ 1,667 
ium: 
etal and crab short tona. . 5,296 
Alloys ( esium content? do____ 3,596 
Sheets, tubing, mbbons, wire, other forms (magnesium 
Snell!!! a ee do.... 489 
ese: 
Ore (35% or more contained manganese) __ do 338,094 
Ferromangan ese do— 409,310 
Ferrosilicon-manganese (manganese content) 
do- 91.339 
Metal, uoc eem AA A te do- 13.314 
Mercury: 
Compounds pounds 7249. 08g 
l ͤ E ee 76 pound fla flaska_ _ 25,321 


Bee footnotes at end of table. 


1984 


Value 
(thousands) 


$1,292,724 
145,748 
1,027,631 


976,364 


110,201,074 
71,155,386 
46,946 


11.923 
57 
86.189 
2.029 
4,044 


12,260 
10,791 


2,620 


16,024 
117,678 


44,746 
12,978 


71,111 
7,214 


1985 


Quantity 


980 
15,771 
838,258 


24,218,482 
1,211,146 
601 


Value 
(thousands) 


$1,017,453 
108.625 
847,476 


809,664 


3,480 
452,240 
50,619 


22,561 
104,389 


51,423 
9,052 


1,625 
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Table 9.—U.8. for minerals and 
e imports — M n products, excluding 


1984 1965 
Quantity (th M hes chan nde) Quantity ( Value 
METALS —Continued 
ee 
um 
5 thousand = $183 112 $566 
Waste and scrap (gross weight) sd oaa do NA NA 2,830 
Unwrought 6 content) _.. da 142 2,170 145 2,310 
W t (gross bn pl 3 da 182 8,028 94 2,301 
Ferromol um (rose weigh „ do... 2,086 4,488 1,424 8,721 
Material in chief be Beer ege 
content) .________-_____- Le nes 5,266 19,441 329 
8 pounds (gross weight) --.--.-------- do- Ee 8,431 8,815 6,678 
Pigs, shot, cathodes... ___ — short tona... 108,017 461,371 ; 446,009 
Plates, f;; EE do... : 58,1 10,100 
MIT mox b S p e do... 82, 116,956 101,101 
E NOE CN OPE ay EN Mes 6,199 20, 
P and faken... do 1 78.788 12.753 67,717 
Ferronickel e -=-= do... 43,048 68, 
FF. ue 5,526 22,413 5,079 20,722 
Unwrought: 
G and nuggets (platinum). .. _ troy ounces. .. 19,786 5,647 82 
ir pio A "— 8% 0 8245 
Iridium dc 18.225 7.472 i 9,615 
Palladium nnn do... 1,796,989 278,222 1,896,810 
Rhodium ~ - - - - ------------ -= do... 155,671 201, 173,310 
Rutheniunuu A es 11852 16,652 ed po 
Other um group metals SE 
Platinum... - - ----------- -~-= da 100 28,946 
Palladium nnn do- 168,012 24,192 84,492 9,532 
J ͤ ( do... 516 1 78 
Other platinum-group motalass do 506 122 18,167 2422 
+ lie Sag and other cerium 138,128 1,661 118,885 1,902 
Monazite `... "n DS See ams - 5,661 2,202 6,694 1,984 
Metals including scandium and yttrium 
kilograms... 4316 619 8,185 285 
Motal including pounds. _ 1,962 450 4,948 1,225 
C/ 
Ammonium perrhenate (rheaium content) do- 74.754 1,062 8,825 669 
Selenium and selenium compounds (selenium content) 
= 916,946 8,054 400,658 8,858 
Metal (over 96% silicon content) . . __ _ short tons. — 26,221 55,881 51,801 83,367 
Ferrosilicon. A do... 143,651 12,874 165,421 74.019 
Ore and base bullion ____ thousand troy ounces. 18,018 106,587 20,180 
Bullion, refined `... . daa 784,838 
EK waste, doro do... 402 12,172 11,671 76,218 
TTC thousand pounda. . 2,199 19,054 8,187 
Tellurium (tellurium content kilograms. _ r 1 90,050 871 
UH oon cad as ee aos ee a ud oe oes pounds. _ 2,964 2,655 
Concentrate (tin content eer ^ RE ase ces Sen eg 
scra ue, n.s. 
di e — 1211 1,818 871 2,804 
Tinfoil, powder, flitters, ee XX 8,292 XX 
Tin pounds metric tons. _ 838 5,301 827 5,164 
um: 
Imenite’ |... 22 ee short tona. _ 619,444 798,682 68.821 
A/ ³⁰⅛·³⅛ẽ]Qj.. %ͤ K do- 80,508 44,910 179,663 48,967 
JJ) ee ⅛ ͤ k ʒ Sa eee do 5,533 85,469 5,479 89,408 
FFT do. 579 861 483 982 
3333) 8 US. 198,501 186,953 196,218 206,809 
Tungsten c ies and concentrate (tungsten content) 
metric 8 5.807 51.715 4,146 86,106 
i nde mes ee thousand pounds. 2,341 11,889 1.557 7.787 
errovanaglium dm - ` ® 
Pentoxide____.___._-_.___ ee do 297 1,269 2 180 
Vanadium-bearing materials do... 1,266 562 605 
Ore (zinc content! metric tona. . 86,172 29,186 90,186 83,626 
Blocks, pigs, slabs |... A A do 689,228 635,940 610,900 608,008 
Sheets, eteee A do 1,908 8,559 2.757 
Fume (zinc content)...  _- do- 314 171 
Waste and scrap ~- -______ ees 8,940 8,247 1 
Dross and skimmings . - gg do- 5,027 8,161 4,942 2,419 
Dust, powder lakes do. ... 1,512 9,505 8,681 10,781 
Manufactured ``... XX 927 XX 718 
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Table 9.—U.S. imports for consumption of principal minerals and products, excluding 
mineral fuels —Continued 


1984 1985 
Mineral ; Value e Value 
Quantity (thousands) Quantity (thousands) 


METALS —Continued 
Zirconium: 
Ore including zirconium sand - - __ ___ short tons 66,436 $7,548 43,787 $4,599 
etal, scrap, om pound do- 1,844 20,330 4,202 24,962 
INDUSTRIAL MINERALS 
Abrasives: 
Diamond (industrial) |... ... thousand carata_ _ 43,710 113,632 46,222 127,191 
Other uc ²⅛*˙ ea ee aa 8 XX 268,062 XX 255,686 
weng EE metric tons 209,963 64,749 142,431 44,093 
te: 
Crude and ground gd thousand short tons. _ 1,776 74,945 2,127 82,913 
Witherite ___________________e short tons. . 226 153 142 14 
Chen! do- 35,208 20,524 32,907 19,978 
ron: 
Boric acid (contained boron oxide — do- 74.000 3,449 6,000 5,121 
Colemanite (contained boron oxide) 
thousand short tons 20,000 12,123 83,000 24,620 
7; ee c ei he do- 47.000 10.202 31.000 11.120 
Bromine (contained in compounds) thousand pounds... 16,080 10,996 17,079 11,065 
Calcium chloride short tons 22,078 1,817 11,136 10,967 
Cement: Hydraulic and clinker _ thousand short tons 8,546 7T294,207 14,487 437,429 
%%%; AA short tons. . 31,585 4,868 40,902 5.981 
Cryolite 7 8 do. ... 22,122 13,124 16,596 10,003 
Feidspar: 
Cde - co eL amu eh d E do... 2 1 936 1,126 
Ground and crushed... 2... SEH 23 14 16 25 
„ do- 703.711 65.241 552,959 49,639 
Gem stones: 
Diamond --------------- thousand carats- 18,228 2,905,317 8,151 3,006,762 
Emerald. |... ... 22 22-22-2222. do- 4.410 154.644 2.741 139,000 
Other a EE EE XX 591,555 XX 534,113 
QUPD, natura short tons. . 58,246 14,579 52,131 16,186 
ypsum: 
Crude, ground, calcined. . thousand short tons 8,915 74,351 9,924 64,331 
Manufactured ___._._-____--.--------- XX 95,310 XX 91,091 
qued crude EE thousand pounds. . 5,067 124,803 4.971 26.761 
Hydrated _____.____~___-__- Le short tons. . 59,906 3.669 48,821 8,407 
r; ³ 5A bu am dé do 187.579 9,722 145,230 8,810 
Lithium: 
leese liz n oi erie a do.... 7150 139 4,716 1,277 
Compoun dnss do 462 2.313 1.402 5,774 
esium compounds: 
rude magnesite_____.___________- do.... 7758 232 1.350 332 
Lump or ground caustic-calcined magnesia do- 154,893 9.594 65.709 10,407 
Refractory magnesia, dead-burned, fused magnesite, 
dead-burned dolomite _____________ do. __ 155,162 126.186 179.207 32,075 
T Compounds ` -------------------- do. _ __ 46,153 10,036 36,751 10,085 
ics: 
Waste, scrap, ground thousand pounds. . 23,198 3,251 20,057 2,920 
Block, film, splitting do. ___ 1,480 644 1,684 1,080 
Manufactured, cut or stamped, built-up ~ _ do- 856 2,836 978 3,154 
Mineral-earth pigments, iron oxide: 
Ocher, crude and refined short tons 7 31 26 22 
Siennas. crude andrefined.. do.... 160 72 270 49 
Umber, crude and refined do.... 6,401 1,012 4,921 195 
Vandyke brown ________________ cs do- 659 244 404 140 
Other natural and refined do 996 444 1.026 561 
Synthetic e a cr do. ... 30,015 19,720 33,151 20,999 
Nepheline syenite: 
a TEE do ... 410 17 920 62 
Ground, crushed, ete do- 377,535 14.201 331.684 11.373 
Nitrogen compounds (major) including urea 
p thousand short tons 8,476 984,524 8,544 880,348 
eat: 
Fertilizer-grade _______________ short tons. 453,387 53,491 452,018 54,244 
Poultry- and stable grade. do- 31,685 4,318 25,370 3,606 
Phosphates, crude and apatite thousand metric tons 9 274 34 1,593 
Phosphatic fertilizers: 
Fertilizer and fertilizer materials... — do . 119 7,536 30 5,929 
Elemental phosphoruins do.... T4 6,482 2 3,530 
Gr. ³ꝛ¹ do- 11 1.550 3 492 


See foot notes at end of table. 
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Table 9.—U.S. imports for consumption of principal minerals and products, excluding 
mineral fuels —Continued 
REESE ᷣͤ v ee 
Quantity ` wd Ae Quantity ` we Ae 


Pigments and salts: 
Lead pigments and compound metric tona. _ 19,081 $15,022 16,272 $12,468 
Zinc pigments and compounda do 52.432 48,178 52,310 48,244 
Potash ͥͥ•¹¹˙ÜÜ A da. — 7,947,700 658,100 7,570,900 499,100 
Pumice: 
Crude or unmanufactured __ ___.___ short tona. . 16,703 402 181 198 
Wholly or partly manufactured... ..- do 192 148 857 103 
Manufactured, n.s.pf 2222222 XX 148 XX 218 
quarte cyan (Brazilian lascas) __ thousand pounds. . 569 373 173 99 
EE thousand short tona_ _ 7.545 74,100 6,207 65,593 
Sand and gravel 
ustrial sand. _—-—--------------- do 926 81 1,513 
sand and gra vel do... 151 1,603 246 1,572 
Sodium compoun 
ium TE ae do 17 2.301 56 8.089 
Sodium sulfat do 265 21,198 194 14,492 
e: 
2322 PH da 2,923 15.071 2,725 10,209 
Dimensiooͤ nnn XX 1223, 150 XX 295,094 
Calcium carbonate fines thousand short tonsa. — 292 2,471 281 1,432 
Strontium: 
Minerals short tons. . 48,852 4,293 31,552 3,321 
Compounds do. ..- 4,155 ; 7,403 ; 
Sulfur and compounds, sulfur ore and other forma, 
30000000 thousand metric tona. . 72,557 7200, 189 2,104 199,240 
Talc, unmanufacturdd thousand short tons. _ 45 9,156 : 
Total oo nuce o mE RE Mim XX 181,497,367 XX 29,450,174 


"Revised. NA Not available. XX Not applicable. 
Includes titanium slag averaging about 70% TiOs. For details, see "Titanium" chapter. 


Table 10.—Comparison of world and U.S. production of selected nonfuel mineral 
commodities 


(Thousand short tons unless otherwise specified) 


1984 1985P 
U.S. U.S. 
Mineral World US, Percent World us, Per 
produc- produc- produc- produc- 
1 world S S world 
tion lon produc- tion tion produc- 
tion tion 
METALS, MINE BASIS 
Antimony (content of ore and concentrate) 
short tons. . 60,396 551 1 60,621 Ww NA 
Arsenic trioxide? ______ metric tons 44,099 6,800 15 45,030 2,200 5 
Bauxite? . thousand metric tons... 88,173 856 1 85,133 674 1 
BFI. short tons... 9,838 6,030 61 9,688 5,738 59 
Bismut E 8,415 NA 9,175 NA 
Chromite ~- ------------------- 10,312 uas es 10,951 Tt ES 
Cobalt (content of ore and concentrate) 
short tons 35,869 Hx NS 39,867 tlg ie 
elon cas tantalum concentrate (gross 
ight 7 thousand pounds. . 78,827 one Age 83,857 Pa Ja 
Copper (content of ore and concentrate) 

thousand metric tons. . 7,986 1,103 14 8,114 1,106 14 
Gold (content of ore and concentrate) 

thousand troy ounces. . 46,408 2,085 4 48,217 2,475 
Iron ore (gross weight) 

thousand long tona. . 817,428 51,269 6 845,251 48,751 6 
Lead (content of ore and concentrate) 

5 metric tons. . Eon 334 10 Ee 424 12 
Manganese ore gross weight) ___ d 2s Sa 9 2 wees 
Mercury. . thousand T6-pound flaske_ . 195 19 10 196 17 9 
Molybdenum (content of ore and concen- 

trate ?: thousand pounda- 214.506 103,664 48 215,139 108,409 50 
Nickel (content of ore and concentrate) 833 15 2 851 6 1 
Platinum-group metals? 

thousand troy ounces. _ 7,648 15 (9 7,951 wW NA 


See footnotes at end of table. 
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Table 10.—Comparison of world and U.S. production of selected nonfuel mineral 
commodities —Continued 


(Thousand short tons unless otherwise specified) 


93 


1984 1985” 
US. " U.8. : 
Mineral World US. percent World US. porcen 
Gr wë world EN 
" produc- produc- 
tion tion 
METALS, MINE BASIS —Continued 
Süver (content of ore and concentrate) 
troy ounces. . 415,239 44,592 11 412,213 89,857 10 
Tin (content of ore and concentrate) 
"i PEN sd SS z 198,432 W NA 191,108 W NA 
jum concentrates ight 
Drmenite - ----------------- 3,402 W NA 3,654 W NA 
Rütilë orn ducti cc 388 W NA 402 w NA 
ie ore and concentrate (contained 
FCC metric tona- 46,478 1.20 8 46,989 996 2 
V. um (content of ore and concentrate) 
short Gong _ 84,291 1,617 5 83,665 WwW NA 
Zinc (content of ore and concentrate) 
thousand metric tona. . 6,564 278 4 6,676 252 4 
METALS, SMELTER BASIS 
Aluminum (primary only) _ do- 15,664 4,099 26 15,289 8,500 28 
cuum EE prie Geng E 19,171 1,686 9 18,662 1,608 9 
SENE DTP Cp 5 608 ERR "o 28,217 Se Se 
8 amelter ( and See 
d metric tona. . 8,344 1,183 14 8,831 1,138 14 
e 5 » 8 646,317 51,961 10 555.222 49,963 9 
smelter (pri 
piri 55 = 5,494 1,072 20 §,569 1,124 20 
(primary) 860 159 44 861 150 42 
CCC 0——V0—B—v— 771 45 6 782 36 5 
Selenium? ___________ kilograms. _ 1,850,702 253,598 19 1,122,835 W NA 
Steel, ww 782,008 528 12 788,119 *88,259 11 
Tellurium® |... 2... kilograms.. _ 99,594 Ww NA 98, W NA 
m 3 EE rid tons. _ 199,669 194.000 2 198,715 108.000 2 
metric tons. _ 6,463 831 5 6,567 812 5 
INDUSTRIAL MINERALS 
Ame c ccc cec Lu da 4,106 57 1 4,111 87 1 
Berite n K ĩð un 6,352 11775 12 6,671 11789 11 
Boron minerals ~- -------------- 2,115 1,367 49 2,679 1,269 41 
Bromine. . __ pounds. _ 873,550 11 85,000 44 885,090 11820,000 88 
Cement, hydraulic . 1,045,468 278,699 8 1.071.225 197 7 
Bentonit? 6,493 113,438 53 118,196 51 
Fuller's earth 2.528 111,899 15 2,104 112 059 16 
Raolinn“?l!D!́UẽA 2. -- 23,354 111,958 84 28,361 417 798 D 
Corundum ----------- short tons. _ 16,265 ee pes 16,805 ES = 
Diamond thousand carata_ . 63,517 e cu 66,371 = 2s 
Diatomite____________________ 1,933 627 1,951 685 D 
Feldspat 4.167 710 17 4,294 700 16 
Fluorspar 11 PRIMNS 5.270 72 1 5,268 66 1 
Graphite hort tons. . 685,507 W NA 676.740 W NA 
Gypsum oe 8 86,767 14,319 17 89,220 14,726 17 
lodine, crude  — thousand pounds. . 27,419 W NA 27,141 NA 
Lime ea et hl x 125,680  !! 1215, 956 18 128,581 11 1215,718 18 
Magnesite. _______________.__ 18,121 NA 1 NA 
Mica (including scrap and ground) 
thousand 8 608,700 000 53 587,792 275,100 §1 
Nitrogen, N content of ammonia _ _ _ _ _— 93,029 13,368 14 94,302 13,238 14 
een eee ere eC 282,719 800 (*) 283,106 839 e 
Perlite Boc eu i tr cia A 1,808 11498 28 1,798 11607 28 
Phosphate rock (gross 0 
metric tons_ - 152,488 49,197 82 151,968 50,835 84 
Potash (KO equivalent) da 29.348 1,564 5 28,618 1 5 
is EE a 12,662 11502 4 12,110 1 4 
d G—A—WAAA at caer 188,699 11 159,256 21 187,693 11 129,519 2¹ 


See footnotes at end of table. 
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Table 10.—Comparison of world and U.S. production of selected nonfuel mineral 
commodities —Continued 


(Thousand short tons unless otherwise specified) 


1984 1985P 
U.S U.S 
Mineral World US penne World US prn 
uc- produc- produc- produc- 
tion! tion beu tion! tion S 
tion tion 
INDUSTRIAL MINERALS —Continued 
Sodium compounds, natural and manu- 
factured: 
Sodium carbongate -- 31,126 8,511 27 31,628 8,597 27 
Sodium sulfate_ -- ---—--------- 4,697 19 4,647 827 18 
Strontiummd short tons. _ 137,236 Ek Eh 138,700 E SCH 
Sulfur, all forms 
thousand metric tona. . 52,607 10,652 20 54,856 11,609 21 
Talc and pyrophyllite. -- ---------- 8,351 1,127 14 8,305 1,269 15 
Vermiculite | LLL ccc 545 315 58 556 314 56 


PPreliminary. NA Not available. W Withheld to avoid disclosing company proprietary data. 

1For those commodities for which U.S. data are withheld to avoid disclosing company proprietary data, the world total 
excludes U.S. output and the U.S. percent of world production cannot be reported. 

*World total does not include an estimate for output in China. 

*U.S. figures represent dried bauxite equivalent of crude ore; to the extent ible, individual country figures that are 
included in the world total are also on the dried bauxite equivalent basis, but for some countries, available data are 
insufficient to permit this adjustment. 

*Less than 0.5%. 

primary and secondary blister and anode copper, including electrowon refined copper that is not included as blister or 


“Includes bullion. 
"Refined nickel plus nickel content of ferronickel, and nickel oxide. 
*World total does not include estimates for output in the U.S.S.R. or China. 
*Data from American Iron and Steel Institute. Excludes production of castings by companies that do not report steel 


To includes tin content of alloys made directly from ore. 
11 Quantity sold or used by producers. 
includes Puerto Rico. 


Abrasive Materials 


By Bureau of Mines Staff 
CONTENTS 
Page Page 
Abai Trade .—— sm 96 Corundum and Emerẽ/ 100 
J eee et RAN, 98 Industrial Diamond ---------- 101 
Scil Silica Stone Products 99 Manufactured Abrasives 105 
„ 100 


The combined production value of natu- 
ral abrasives, which consist of tripoli, spe- 
cial silica stone, garnet, and emery, decreas- 
ed in 1985. Shipments of processed tripoli 
increased slightly in quantity but decreased 
6% in value. Production of garnet, an abun- 
dant iron-aluminum silicate, increased 24% 
in quantity and 20% in value. There was an 
11% increase in the quantity and a 7% 
increase in the value of refined garnet 
shipped when compared with 1984 ship- 


ments, a new record high. Production of 
crude special silica stone decreased 10% in 
quantity and 14% in value, and shipments 
of finished special silica stone products 
decreased 35% in quantity and 63% in 
value. Both the quantity and value of spe- 
cial silica stone finished products sold or 
used were the lowest since 1981. Production 
of emery, an impure aluminum oxide, 
decreased 56% in quantity and 61% in 
value of product mined and shipped. 


Table 1.—Salient U.S. abrasives statistics 


1981 1982 1983 1984 1985 
Natural abrasives production by producers: 
Tripoli (crude) / short tons. _ 107,330 112,928 111,020 124,482 W 
Value r.i vit thousan $617 $653 $649 $699 W 
Special silicastone! |... short tons. 2,501 1,285 1,101 1,290 1,157 
Valuuahn kk thousands. _ $1,096 $553 $482 $602 $515 
ML ct SRE Set —n§ short tons. 25,451 21,303 29,161 29,647 36,721 
Vll! x thousands. _ $2,059 $2,321 $2,533 $2,481 $2,978 
SONG ne ? short tons. . W W W 

CCC MR. da- W W W W W 
Manufactured abrasive s short tons _ *586,915 418,224 *418,158 *531,264 *478,897 
J eee IL LM thousanda. . $225,503 $167,471 3167, 430 43203, 231 3171.97 

Foreign trade (natural and artificial abrasives). 
Exports (value do- $189,719 $174,126 $192,794 $191,003 $191,272 
Reexports (value) |... do- 327,758 $22,650 $24,111 327.248 $23,845 
Imports for consumption (value __ _ _ — do- $301,695 $245,048 $289,865 $381,694 $382,877 


W Withheld to avoid disclosing company proprietary data. 
‘Includes grindstones, oilstones, and 
*Primary garnet; denotes first marketable product. 


whetstones. Excludes grinding pebbles and tube-mill liners. 


nudes C Canadian production of crude silicon carbide and fused aluminum oxide and shipments of metallic abrasives 
‘Excludes | U.S. and Canadian production and value of aluminum-zirconium oxide. 


96 


The nonmetallic manufactured abrasives 
industry, which consisted of crude silicon 
carbide and fused aluminum oxide, experi- 
enced a 10% decrease in shipments and a 
20% decrease in value. The average unit 
values of these shipments, including high- 
purity fused aluminum oxide, dropped from 
those of 1984. 

The metallic abrasives industry, which 
consisted of primary producers of steel, 
chilled and annealed shot and grit, plus cut 
wire shot manufacturers, reported a 9% 
decrease in quantity and an 8% decrease in 
value shipped from those of 1984 shipments. 

U.S. exports of diamond grit and powder 
reached a new record high at 50 million 
carats, a 5% increase over 1984 exports. 

Total imports of abrasive materials in- 
creased slightly in value. Imports of indus- 
trial diamond increased 6% in value and 
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12% in quantity. Imported stone increased 
14% in quantity and 21% in value with an 
average price of $8.52 per carat, a 6% 
increase from that of 1984. Imports of syn- 
thetic grit, powder, and dust from Ireland 
increased slightly in quantity but accounted 
for 75% of the imports in this category. The 
average value of the synthetic grit, powder, 
and dust imported from Ireland increased 
from $1.44 to $1.49 per carat. Total exports 
plus reexports of abrasive materials de- 
creased slightly in value. 

Domestic Data Coverage.—Domestic pro- 
duction data for abrasive materials are 
developed by the Bureau of Mines from six 
separate, voluntary surveys. Of the 51 oper- 
ations canvassed, producing natural and 
manufactured abrasives, all responded, 
representing 100% of the total production 
shown in tables 1, 5, 6, 8, 15, 16, and 17. 


FOREIGN TRADE 


Exports plus reexports of industrial dia- 
monds, loose, increased 7% in volume to 
54.9 million carats, and 6% in value to 
3111.3 million. This was a record high 
quantity. The diamond content in diamond 
wheels, exported and reexported, was 
558,000 carats, a slight increase; the de- 
clared value was $6.6 million, an increase 


of 28.4%. The value of imported diamond 
wheels increased 28% to $10.5 million. 

The value of imported abrasive materials 
was essentially unchanged from that of 
1984, and exports plus reexports decreased 
slightly in value. Net imports were valued 
at $167.8 million. 


Table 2.—U.8. exports of abrasive materials, by kind 


(Thousands) 
1984 1985 
Kind 
tity Value tity Value 
NATURAL ABRASIVES 
Industrial diamond, naturel or synthetic, powder or dust carats. . 41218 $12,484 49,725 $78,235 
Industrial diamond, natural or synthetic, other do. ... 6,626 1 10,227 
Emery, natural corundum, in eni ied S = 3,783 7 1,918 833 
MANUFACTURED ABRASIVES 
(fused aluminum oxide do 24,588 15,829 24,581 15,004 
Silicon carbide, crude or in griine do 11,365 8,086 10,004 7,147 
ide abrasives, n. ec do. ..- 911 1,250 1,420 1,006 
Other refined abrasives _..___.__-_____-______- do 29,939 17,078 21,152 12,364 
and polishing wheels and stones: 

Diamond oe ³oWwꝛꝛA eee et carats. _ 582 5,085 552 6,544 

Polishing stones, whetstones, oilstones, hones, similar stone 
number 827 2,360 726 2,208 
Wheels and stones, n.e.e,¶Q „ 8,465 20,171 3,445 19,348 

Ares paper and cloth, coated with natural or artificial 

EE rs Em 11,915 86,046 10,406 88,576 
Grits and shot including wire pelletei 2. do 18.313 5,542 16,172 4,786 
gu EECH XX 191,003 XX 191,272 
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Table 3.—U.S. reexports of abrasive materials, by kind 


(Thousands) 
1984 1985 
Kind Quan- 5 
tity Value tity Value 
NATURAL ABRASIVES 
Industria! diamond, natural or synthetic, powder or dust carata_ . TT9 $1.853 1,868 $3,571 
Industrial natural or synthetic, other do— 2.442 23,815 1.735 19.303 
Emery, natural corundum, pumice in block pounda- 227 230 30 13 
MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide) ~~ - ~~ - - do 282 126 57 40 
Silicon carbide, crude or in grains 2. do. ..- 680 521 367 299 
abrasives, n. e RED 10 71 Rue Es 
Grinding and polishing wheels and stones: 
JJ ³ÜW ⅛ᷣꝛ vb ꝛ⁊ͤᷣ v carats_ _ 4 56 1 59 
pene stones, whetstones, oilstones, hones, similar 

7 ³ðĩV—³W 00000 HN number E ee 7 16 
Wheels and stones, neee unds_ _ 32 200 55 266 

Abrasive paper and cloth, coated with natural or artificial abrasive 
USCA RE MN do 109 370 45 278 
ze ⁵⁵ a e ea eee XX 27,248 XX 23.845 

XX Not applicable 


Table 4.—U.S. imports for ee of abrasive materials 


(natural and artificial), by kind 
(Thousands) 
1984 1985 
Kind Quan- Quan- 
tity Value tity Value 
MO. flint, egies ita tripoli, crude or crushed -short tons. 20 $421 24 $475 
Silicon carbide, crule c- do- 64 29.992 56 22.854 
Aluminum oxide, crudddggggdſ ~~~. ~~ cllc. o. 175 15,155 152 60,444 
Other crude artificial igh fetes ses a eie FF 5 8 3.513 14 4.570 
Abrasives, ground, verized or refin 
Rottenstone and (rpol LL cos 2l 2l do 22 a E -— 
Siliconcarbide ~- - -------—-----~---—-———- do- 7 9,343 6 9,007 
Aluminum oxide Ons 21 17,140 18 13,982 
Emery, corundum, flint, garnet, other, including artificial 
abrasives EE do- 3 5,475 2 5,343 
Papers, cloths, other materials wholly or partly coated with natural 
or artificial abrasive (!) 71,525 (5) 78.219 
Hones, whetstones, oilstones, polishing stones number 2.191 1.154 7.102 1.757 
Abrasive wheels and millstones: 
Burrstones manufactured or bound up into millstones 
ort tona. _ (*) 49 ad 14 
Solid natural stone wheels number 291 165 429 300 
PEUT ³ĩð . M E o- 8,207 420 10,477 
Abrasive wheels bonded with reaing pounds _ 9,662 16,469 11,208 16,891 
OUR Anat UCM NEAN 88 (!) 12,313 (*) 16,299 
Articles not specifically provided for: 
Emery or garnet - --------------------------——— (?) 250 ($) 554 
Natural corundum or artificial abrasive materials (1) 8,886 (3) 8,367 
Other nap EE 1 4,494 1) 4,094 
Grit and shot, including wire pellets pounds 18,759 : 6,751 1,478 
Diamond, natural and synthetic: 
di cio d 8 number 12 526 14 561 
Crushing borrtt᷑t LLL LLL LLL 2L c carata _ 219 291 390 568 
Natural industrial diamond stones do...- 7,125 58,838 8,174 74,433 
iners diamond do- 31.157 1,690 21.271 6.019 
Powder and dust, synthetic do 28,381 38,684 29,633 38,860 
Powder and dust, natura do____ 6,828 8,129 6,754 7.311 
JJ 6%%%%ꝓyc k y a INE XX 381,694 XX 382,877 
XX Not applicable. 
Quantity not 


Less than 1/2 unit. 
Includes 43,000 carats of synthetic miners’ diamond in 1984 and 111,000 carats in 1985. 
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Industrial diamond imports totaled 46.2 
million carats of loose material valued at 
$127.2 million, an increase of 6% in quanti- 
ty and 12% in value. Imports of synthetic 
powder and dust increased to 29.6 million 
carats with an average value of $1.31 per 
carat compared with 28.4 million carats at 
$1.36 per carat in 1984. Imports from Ire- 
land increased 3% in this category and 
accounted for 46% of the synthetic powder 
and dust increase. Industrial diamond stone 
imports increased 1.2 million carats, while 
the value increased $0.49 per carat to $8.52. 
Ireland, the largest U.S. source of industrial 
diamonds in terms of quantity, shipped to 
the United States a total of 25.8 million 
carats, mostly synthetic, valued at $43.1 
million. Although the quantity increased 
slightly, the value increased 8%, primarily 
because of increases in the unit prices of all 
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categories except miners’ diamond. Of the 
25.8 million carats from Ireland, 22.3 mil- 
lion carats was synthetic powder and dust 
with an average value of $1.49 per carat. 
The share of imports of industrial diamond 
from Ireland was 56% of total quantity and 
34% of total value. 

The Republic of South Africa, the largest 
U.S. source of imported industrial diamonds 
in terms of value, shipped to the United 
States a total of 4.7 million carats valued at 
$45.9 million, a decrease of 41% in quantity 
and 8% in value. The share of imports from 
the Republic of South Africa was 10% of the 
total quantity and 36% of the total value. Of 
the 4.7 million carats, 3.9 million carats 
were industrial stones with an average 
value of $11.49 per carat, a 47% increase 
from that of 1984. 


TRIPOLI 


Fine-grained, porous silica materials are 
grouped together under the category tripoli 
because they have similar properties and 
end uses. Processed tripoli, sold or used, 
increased slightly in quantity and decreased 
slightly in value; most of the increase in 
quantity was for filler material, and the 
value decreases occurred in both abrasive 
and filler end uses. 

Because tripoli grains lack distinct edges 
and corners, they were used as mild abra- 
sives in toothpaste and industrial soaps and 
as buffing and polishing compounds in lac- 
quer finishing in the automobile industry. 
The mineral was also used as a filler and 
extender in paint, plastic, rubber, and 
enamels. 

The five tripoli producers were Malvern 
Minerals Co., Garland County, AR, which 
produced crude and finished material; 
American Tripoli Co., which produced crude 
material in Ottawa County, OK, and fin- 
ished material in Newton County, MO; 
Illinois Minerals Co. and Tammsco Inc., 


both in Alexander County, IL, which pro- 
duced crude and finished amorphous (mi- 
crocrystalline) silica; and Keystone Filler 
and Manufacturing Co., in Northumberland 
County, PA, which processed rottenstone, a 
decomposed fine-grained siliceous limestone 
or shale. 

Prices quoted in the Engineering and 
Mining Journal, December 1985, for tripoli 
and amorphous silica were as follows: 


Tripoli, paper bags, carload lots, f.o.b., 
White, Bice TL: Air floated through 
Elco, 1L: 
200 mesh 


Table 5.—Processed tripoli' sold or used by producers in the United States, by use* 


Use 
Abrasives short tona. . 
Value thousands_ _ 
Ill 8 short tons. . 
DI eO EE thousands. _ 
Total L. -=-= short Gong 
Total valt ee thousanda- 


Includes amorphous silica and Pennsylvania rottenstone. 
*Partly estimated. 


mou ONCE 8.55 
Rose and cream, Seneca, MO, and 
rs, AR: 
Doub ground 5 280 
eground. 2. -- 
M E 
orphous silica, und, paper 
f.o.b. Elco, IL, in do: r ton: 
Through 200 mesh, 90% to 95% |... $71.00 
Through 200 mesh, 96% to 99% 12.00 
Through 325 mesh, 90% to 95% 73.00 
Through 325 mesh, 96% to 98%  . 69.50 
Through 325 mesh, 98% to 99.4 78.00 
Through 325 mesh, 99.5 95.00 
Through 400 mesh, 99.994... 128.00 
Below 15 micrometers, 99%6 . 187.00 
Below 10 micrometers, 99€... „ 164.00 
Below 8 micrometers, 99% - 196.00 
1981 1982 1983 1984 1985 
$4,494 798 88,073 40,812 40,022 
2,206 $2,477 $3,203 $3,738 $3,670 
56,932 314 65.188 65.941 68,800 
$4,393 ,557 $6,077 $6,989 $6,452 
91,426 291,111 108,211 106,753 108,822 
286,600 $7,084 $9,280 $10,727 $10,122 


*Data do not add to total shown because of independent rounding. 
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SPECIAL SILICA STONE PRODUCTS 


Production of special silica stone products 
included oilstones and whetstones from 
Arkansas and Indiana, grindstones from 
Ohio, and deburring media from Wisconsin. 

Four main grades of whetstones were 
produced, ranging from the high-quality 
Arkansas Stone, with porosity of 0.07% and 
characterized by a waxy luster, down to 
Washita Stone, with a porosity of 16% and 
resembling unglazed porcelain. The four 


main types were as follows: 


Trade name Use 
Washita Stone Rapid sharpening. 
Soft Arkansas Stone General purpose. 
Hard Arkansas Stone Polishing blades to a 
very fine edge. 
Black Hard Arkansas Stone Polishing the most per- 
fect edge possible. 


Table 6.—Special silica stone finished 


products sold or used in the United States) 


Quantity Value 

Year (short (thou- 

tons) sands) 
VOR oe ees oe ee 523 $3,928 
22 8 713 5.360 
VVHUAUn A eres 602 3,814 
TIBA EEN 683 3,975 
Ët EE 8 443 1,452 


Includes grindstones, oilstones, and whetstones. Ex- 


cludes grinding pebbles and tube-mill liners. 


Table 7.—Producers of special silica stone products in 1985 


Company and location Type of operation Product 
Arkansas Oilstone Co.: Hot Springs, AR- `. Stone cutting and finishing Whetstones and oilstones. 
Arkansas Whetstone Co. Inc.: 
Hot Springs, AR____________-_._.-___- ff Do. 
/öͤõĩõĩÜ⁵ẽ ĩ˙ĩ n 8 T oes Crude novaculite. 
Baraboo Quartzite Co. Inc 
Baraboo, ſ7ſ)“,, ce aedem Crushing and sizing _ _ _ _ — Deburring media. 
Dorae oui ę m1... reel PERS iios Met oc ee Crude silica stone. 
Buffalo Stone Corp.: Hot Springs, AR `. umbling and sizing Metal finishing media and 
novaculite. deburring media. 
Cleveland Tane Co.: 
W ü be NUR DI Stone cutting and finishing Grindstones. 
7) ely Ne po ieee adel EE Quarry -----------—- Crude silica stone. 
Dans Whetstone Cutting Co. Inc.: 
EE i TR CLONE cutting and finishing Whetstones and oilstones. 
r Crude novaculite. 
Halls Arkansas Oilstones Inc.: Pearcy, zx Stone cutting and ſinishing Whetstones and oilstones. 
Hindostan Whetstone Co.: 
5 ING ecce i ĩðê—ñ 8 od daa ccc uer Cure pones 
Tp a p REO SR rude silica stone. 
Hiram A. Smith Whetstone Co. Inc.: UU 
Hot Springs, AR ~- ------------------—— Stone cutting and finishing Whetstones and oilstones. 
Dooe hr aa ĩ ðVĩĩĩ ĩ V8 Quarry ------------ Crude novaculite. 
Norton Co. Oilstones, Norton Pike Div.: 
Hot Springs, Růů ͤ kk dn 
Littleton, Stone cutting and finishing Whetstones and oilstones. 


Pioneer Whetstone Co: Hot Springs, AR _________ 
Poor Boy Whetstones: Hot Springs, AR (inactive _ _ _ 
Wallis Whetstone Inc.: 
Malvern, AR ?! 8 
Malvern, AR (inactiv® _-._____.______ 
Washita Mountain Whetstone Co.: Lake Hamilton, AR 


Quarry 
Stone cutting and finishing 


Crude novaculite. 
Whetstones and oilstones. 
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Arkansas finished stone production 
accounted for 78% of both the total value 
and the total quantity of special stone 
products sold or used by U.S. producers. 

American Trails Whetstone Co., Glen- 
wood, AR, and Poor Boy Whetstones, Hot 
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Springs, AR, remained idle for the second 
year. Arkansas Oilstone Co., Hot Springs, 
AR, reported no mining activity but contin- 
ued production with purchased raw materi- 
als. 


GARNET 


The United States continued to account 
for an estimated 7095 of the world's garnet 
production; the remainder was produced 
primarily, in order of size, by India, Austra- 
lia, China, and the U.S.S.R. Three domestic 
producers continued to be active, one each 
in New York, Idaho, and Maine. Barton 
Mines Corp., Warren County, NY, sold gar- 
net for use in coated abrasives, glass grind- 
ing and polishing, and metal lapping. The 
NYCO Div. of Processed Minerals Inc., Es- 


upgrading classification facilities and mak- 
ing additional processing changes. These 
improvements parallel an improved market 
demand, especially for sandblasting and 
water filtration. In addition, IGE installed 
two new dust collectors at its mine oper- 
ation. 

Production of garnet increased 24% in 
quantity and 20% in value. There was a 
significant increase in the quantity and 
value of refined garnet shipped when com- 


sex County, NY, reported that its byproduct pared with that of 1984. 
garnet was not recovered in 1985. Emerald 
Creek Garnet Milling Co. operated two Table 8.—Garnet sold or used by 
mines in Benewah County, ID, and reported producers in the United States 
that its garnet was used chiefly in sand- 
blasting and water filtration. Industrial s Santy er 
Garnet Extractives Inc. (IGE), near Range- tons) sands) 
ley in Oxford County, ME, produced al- 
mandine garnet and a garnet-containing 19$) - 2860 55843 
utility grit concentrate which was used ER FFF 29892 Por 
largely in sandblasting and water filtration. 1982——— 30,634 6,102 
The firm doubled its mine capacity by 

CORUNDUM AND EMERY 


Corundum.—There were no imports of 
abrasive-grade corundum during 1981-85. 
Demand was met by withdrawal from 
stocks. In recent years, the domestic supply 
had consisted almost entirely of material 
imported from Zimbabwe through the Re- 


public of South Africa by one firm in 
Massachusetts. Another Massachusetts 
firm accounted for one-half of the total 
domestic consumption. Corundum was used 
in grinding and polishing optical compo- 
nents. 


Table 9.—Natural corundum: World production, by country! 


(Short tons) 
Country 1981 1982 1983 1984” 1985° 
India Be oe ee ee 1,424 1,494 781 487 550 
South Africa, Republic o 100 68 54 23 311 
USSR- i tite gs ue I ere 9,500 9,500 9,600 9,600 9,600 
Uruguay“ te) oe dU 240 50 55 55 44 
Zim bwe ace ò ⁵ 8 13,450 9,606 5,644 r *6.100 6,600 
. ĩðVVj eae re 24,114 20,718 16,140 16,265 16,805 


Estimated. Preliminary. Revised. 
Table includes data available through June 24, 1986. 
*Reported figure. 
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Emery.—One company, John Leardi Em- 
ery Mine, continued to operate an emery 
mine near Peekskill in Westchester County, 
NY. The crude material, a corundum-con- 
taining silicate rock, was processed by two 
companies—Washington Mills Abrasives 
Co., North Grafton, MA, and Emeri-Crete 
Inc., New Castle, NH. Domestic emery was 
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used as a nonslip additive for floors, pave- 
ments, and stair treads. 

World production of emery was principal- 
ly from Greece and Turkey. In 1984, produc- 
tion of emery in Greece was reported to be 
8,929 short tons, and production in Turkey 
was reported to be 22,074 tons. 


INDUSTRIAL DIAMOND 


Domestic production of synthetic indus- 
trial diamond was estimated to be 76 mil- 
lion carats, the same as in 1984. The five 
companies producing synthetic diamond in 
the United States were E. I. du Pont de 
Nemours & Co. Inc., Industrial Diamond 
Div, Gibbstown, NJ; General Electric Co., 
Specialty Materials Department, Worthing- 
ton, OH; Megadiamond Industries Inc., Pro- 
vo, UT; U.S. Synthetics Corp., Orem, UT; 
and Valdiamant International, a division of 
Valeron Corp., Ann Arbor, MI. Secondary 
production of industrial diamond, as sal- 
vage from used diamond tools and from wet 
and dry diamond-containing waste, was 
estimated to be 1.5 million carats. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the guidelines, industri- 
al diamond stone would be only in tier II 
with a goal of 7.9 million carats. The De- 
partment of Defense Authorization Act, 
1986 (Public Law 99-145), signed by the 
President on November 8, 1985, stated that 
no action may be taken before October 1, 
1986, to implement or administer any re- 


duction in a stockpile goal in effect on 
October 1, 1984. 

The U.S. Government industrial diamond 
stockpile inventory, as of December 31, was 
at 22.0 million carats of crushing bort; 
however, the 12.5 million carats of stone 
exceeded the current goal for stone of 7.7 
million carats. Available for disposal, from 
enabling legislation effective October 1, 
1984, was 5.0 million carats of stone. The 
inventory of small diamond dies was 25,473 
pieces, compared with a goal of 60,000 
pieces; however, no purchase authorization 
has been issued. 

The United States remained the largest 
consumer of natural industrial diamond 
stones but was totally dependent on foreign 
sources, importing approximately 9.4 mil- 
lion carats. 

Exports plus reexports of industrial dia- 
mond dust and powder, including synthet- 
ics, was at a record high level for quantity of 
51.6 million carats valued at $81.8 million. 
Exports plus reexports of stone totaled 3.3 
million carats valued at $29.5 million. 


Table 10.—U.S. imports for consumption 
of industrial diamond 
(excluding diamond dies) 


(Thousand carats and thousand dollars) 


Year Quantity Value 
IONS LL euni bunt rcd 24,817 88,617 
1984. us S Aem mE i 43,710 113,632 
1989: 2. og ac AR 8 46,222 127,191 
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De Beers Consolidated Mines Ltd. 's sales 
in 1985 through the Central 

tation were estimated to be $1.8 billion 

compared with $1.61 billion in 1984. Sales 

during the second half of 1985 were unu- 
ually strong. 

Australia.—Argyle Diamond Mines Joint 
Venture produced a total of about 17 mil- 
lion carats from its alluvial operation before 
the operation was closed in October. The 
second phase, production from the AK-1 
kimberlite pipe, commenced on schedule in 
December. The firm estimated that the AK- 
] deposit would produce about 25 million 
carats per year for about 20 years.' 

Botswana.—The new Jwaneng Mine ex- 
panded its diamond production. Although 
mining was centerod in the middle lobe, 
stripping proceeded on the northeastern 
lobe. The ore grade increased by 23% at the 
jwaneng Mine, by 30% at the Letlhakane 
Mine, and by 8% at the Orapa Mine. 

Brazil—Mineracáo Tejucana S.A, a 

member of the Union Miniére Group, 
planned an expansion of its current annual 
output of industrial diamonds from 52,100 
carats to 62,500 carats. Coupled with an 
increase to 540 carats per year of industrial 
diamonds at the Morro Vermelho plant, 
Brazilian output of industrial diamonds was 
anticipated to increase by 10,900 carats.* 

Burma.—The Ministry of Mines carried 
out exploration for diamonds by test pitting 
and drilling. It discovered 68 diamonds with 
a total weight of 65.31 carats in the period 
April 1, 1984, to December 31, 1984, mostly 
industrial diamonds. 

Japan.—DEBID (BVI) Ltd. of the British 
Virgin Islands was reported to have taken a 
96% share of the new Japanese company, 
Debius Industrial Diamond Japan Co.* The 
Dew company was to deal exclusively with 
the inspection and sale of imported natural 
and synthetic industrial diamonds in Japan. 

South Africa, Republic of.—The Minister 
of Finance announced a special temporary 
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surcharge of 5% over and above the 20% 
surcharge already in effect on taxes paid by 
all domestic diamond and gold mines. The 
new surcharge was added in view of mining 
profits obtained owing to the favorable 
rand-dollar exchange rate in 1984. The 
Chamber of Mines, a mining trade associa- 
tion, responded by saying that any addition- 
al profits had been absorbed by increased 
capital expenditure. 

De Beers reported about 95% of 1985 
South African diamond production, or 
about 9.7 million carats. Its Finsch Mine, 
the largest diamond mine in the Republic of 
South Africa, produced 4.9 million carats, 
and its Premier Mine produced 2.7 million 
carats. Other sources indicate that in 1984, 
73% of South African production was from 
Cape Province, 2696 from Transvaal, and 
the balance from the Orange Free State. 

The Finsch Mine worked slightly lower 
grade ore, in accordance with manage- 
ment's plan. The Premier Mine experienced 
no further collapse of the gabbro sill. In- 
vestigations indicated that retreatment of 
the mine's stored tailings appeared to be 
feasible, and the processing was scheduled 
to begin during the year. 

Swaziland.—Trans-Hex Ltd. was involv- 
ed with its joint venture partner, the Swazi- 
land Government, in a $5 million expansion 
of mining activity at its kimberlite pipe. 
The open pit extraction of industrial and 
low-quality gem diamonds, plus smaller 
amounts of good-quality gems, was expected 
to last at least 8 years. The expansion in 
capacity was expected to go on-stream in 
October 1985. 

Zaire.—Société Miniére de Bakwanga 
(MIBA) produced 6,896,000 carats in 1984, 
and exported 6,902,000 carats worth $57.9 
million. MIBA invested $9.7 million in a 
new hydroelectric power station plus addi- 
tional funds for geological exploration and 
research, modernization of workers' hous- 
ing, and improving the security of the 
operations. 
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ABRASIVE MATERIALS 


TECHNOLOGY 


A Japanese firm developed a process for 
mass producing large size industrial-grade 
diamonds. Graphite material was subjected 
to pressures of 50,000 to 60,000 atmospheres 
and temperatures of 1,400° to 1,600° C for 
100 hours. Diamonds with diameters of 6 
millimeters were produced in a single cycle. 
Current mass production techniques were 
limited to the synthesis of diamonds with 
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diameters no larger than 0.8 millimeter.‘ 

A British company developed new fur- 
nace techniques, which improved general 
production and permitted the introduction 
of new drill bit matrices. These improve- 
ments were accomplished through the use 
of a special atmospherically controlled 
ceramic-tube radiant furnace. Diamond grit 
drill bits produced using this technique 
reportedly outperformed previous designs 
drilling hard-rock formations. 


MANUFACTURED ABRASIVES 


Superior Graphite Co. began production 
of ceramic grades of beta-silicon carbide at 
its facility in Hopkinsville, KY. A continu- 
ous, proprietary high-temperature process- 
ing technology is being employed that pro- 
duces a free-flowing inexpensive grain that 
can be used as is or can be further processed 
to finer grits. Silicon carbide is currently 
made by batch processes and pulverized to 
meet abrasive, metallurgical, or refractory 
industry specification. The main markets 
targeted for the new line of silicon carbide 
are the newly emerging high-tech ceramic 
and advanced refractories fields. In the 
United Kingdom, TAC Engineering Materi- 
als, a subsidiary of Turner and Newell Ltd., 
established a research and development 
unit for engineering small production runs 
and prototypes using sintered silicon ni- 
trides and selected oxide ceramics at 
Trafford Park, Manchester, England.* The 
company was aiming for markets in the 
metal extrusion, welding, textile, automo- 
tive, and other related industries. 

In mergers, closures, and acquisition, 
Norton Canada Inc. Hamilton, Ontario, 
Canada, and Carborundum Abrasives Inc. 
have agreed in principle for Norton Canada 
to acquire and operate the coated abrasives 
business of Carborundum Abrasives Cana- 
da's Sand Papers Div. in Plattsville, Ontar- 
io, Canada. The agreement also included a 
provision for Norton Canada to produce and 
market Carborundum's bonded abrasives 
line.” Satellite Alloy Corp., a U.S. producer 
of silicon carbide, closed its Springfield, PA, 
production facility in March. The plant was 
sold and dismantled. 


TECHNOLOGY . 


A technical article encompassing a wide 
range of fused materials employed in abra- 
sives, refractories, and foundry markets was 
published.* The article highlighted the in- 
ternational fused aluminum oxide industry 
with special emphasis on the North Ameri- 


can producers. The industry production and 
processing flowsheets were discussed in de- 
tail along with the physical chemistry of the 
fusion reactions required to produce high- 
quality white and brown fused aluminum 
oxides. The paper also featured the individ- 
ual company operations and the marketing 
areas served. The scientific rationale for the 
use of sintered alpha-silicon carbide (SASiC) 
as an advanced material for the chemical 
processing industries was postulated.* The 
physical, mechanical, and  corrosion-re- 
sisting properties of SASiC along with high- 
density and high-temperature performance 
were compared with those of conventional 
alloy and ceramics and shown to be superi- 
or. Special features of the article were the 
tables comparing the corrosion resistance of 
selected materials in liquid media with 
SASiC and another table listing the range 
of uses for SASiC in six industries: oil and 
gas production, chemical processing, paper- 
making, heat treating and furnacing steel, 
nuclear, and mining and mineral process- 
ing. The latter table also lists the environ- 
ments to be expected, the primary benefits 
to be derived, and processing applications. 
Several noteworthy techniques and prod- 
ucts were announced for the rapidly grow- 
ing advanced ceramics and/or high-tech 
material fields that are silicon carbide and 
nitride related. De Beers Industrial Dia- 
mond Ltd. reported that cubic boron nitride, 
harder than either cemented carbides or 
ceramics, was being successfully used in 
machining where diamond tooling is pre- 
cluded because of the reaction between the 
tool and the workpiece.'* In another devel- 
opment, silicon carbide and nitride compo- 
nents, formed by hot isostatic pressing, 
tested favorably when compared with typi- 
cal cast metal products. If continuing re- 
search proves equally successful on improv- 
ing high-temperature fabrication tech- 
niques, it could result in material with 
sufficient strength to justify use in turbine 
blades. A joint study by Kubota and the 
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Agency for Industrial Science (Japan) has 
resulted in a unique silicon nitride which is 
stronger at elevated temperatures (above 
1,000* C) than at ambient temperatures.“ 
The successful transfer of this physical 
property to a polycrystalline fabricated pert 
could accelerate the development of high- 
performance ceramic motors and turbine 
blades. Rare earth oxides, such as lantha- 
num and praeseodymium, reportedly are 
used as the sintering additives. Lastly, a 
new technique was advanced for “welding” 
ceramic materials. Initial research and 
development studies centered on silicon car- 
bide and nitride ceramics. 

The proprietary joining process employs 
an adhesive material sandwiched between 
the ceramic faces and then rapidly fused 
together electrically into a monolithic 
shape. By altering the composition of the 
special adhesive material, most ceramic 
materials should be amenable to this form- 
ing technique. The successful develop- 
ment of this method should lead to a wide 
variety of intricate and inexpensive ceramic 
components for both traditional and high- 
tech uses. 

A West German firm developed a fully 
automated three-station precision honing 
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machine which employs a single-stick 
bronze-bonded cubic boron nitride tooled 
honing facility for hydraulic boring. The 
machine averaged 35 seconds per bore in a 
cast iron valve block for bores 50 millime- 
ters in diameter and 100 millimeters long.'* 


‘Industrial Minerals (London). World of Minerals. No. 
220, Jan. 1986, p. 8. 
Company News and Mineral Notes. No. 213, 
June 190, p 12. 
. Company News and Mineral Notes. No. 219, 
Dec. 1985, p.91. 
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June 1985, 10. 
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Lash R. W. Sintered Al Carbide: An 


-Silicon 
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92, No. 25, Dec. 1985, „pp. 121-1 
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Mineral Notes. No. 214, July 1985, p. 76. 
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Dec. 1985, 1985, p. 88. 
is — > Company News and Mineral Notes. otes. Diamond 
SS Complete Honing System. No. 209, Feb. 
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Table 13.—Crude artificial abrasives manufacturers in 1985 


Company Location Product 
The Exolon-ESK Co ----------------- PA teases 8 : 
i ae ETE ne 8 tario, Canada aluminum oxide 
(regular) and sili 
General Abrasives, a division of Dreaser Niagara Falls, NY `... Fused aluminum oxide 
Industries Inc. eae 
——P . Niagara Falls, Ontario, Canada Fused aluminum onde 
(regular) and silicon 
Norton co Huntsville, AI Fused aluminum oxide 
al item crea 
JV ³² tere hoe EI Worcester, kk. General abrasive process- 
CES ee ees Ca la Madel Quebec, Canada ` Silicon carbide 
Oe ees ⁵ 8 e 5 8 Fused aluminum oxide 
(regular and high- 
purity) and aluminum- 
zirconium oxide. 
Sohio Electro Minerals ooo Niagara Falls, NY |... EE 
igh-purity). 
111 P 8 . 
(regular). 
Do . Shawinigan, Quebec, Canada Silicon carbide. 
Washington Mills Abrasives Co ais Octet Canada Fused aluminum ozide 
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Table 14.—Producers' of metallic abrasives in 1985 


Company Location ae oa 

ve Materials Inl, Hillsdale, ail Cut wire 
Durastee] kcͥſobocoI Pittabu PA xo eet or Steel 

Industries in Adrian, M Do 

Ne ayia ae a EO HOO SENDEN RO ee Butler, PI Do 
Globe Steel Abrasives o Mansfield OH 
Jumbo Manufacturing inc ppecanoe, IN _______-_____---_-_ Chilled and anneal- 

ron. 

Metaltec Steel Abrasives o MIS. es Ce $ 
National Metal Abrasive o Wadsworth, OH_________________ Do 
The P ) es se NECEM Butler, PPI Do 
Pellets Inc- Tonawanda, NY `- ---------------- Cut wire 
Steel Abrasives Inc Fairfield, OH _~_______~-_____--_ Chilled iron 
Wheelabrator-Frye Inc `... Bedford, VA ~- ----------------- Steel. 


*Excludes secondary (salvage) producers. 


Table 15.—Crude manufactured eS produces in the United States and Canada, 
y kin 


(Thousand short tons and thousand dollars) 


Kind 1981 1982 1983 1984 1985 

Silicon carbide? ei!) 156 112 109 113 

Value ³ðĩWA..·Ü ͥ dd v $68,839 $54,507 $52,016 $57,125 $42,563 

Aluminum oxide (abrasive grade)! )) 132 137 169 

EI $73,712 $45,975 $50,565 $63,818 $54,061 

Aluminum-zirconium oxide 8 

JÜ˙¹t ⁵ ³ i W $4,600 W W W 
Metallic abrasives? LLL cll- 166 172 217 

)J½)!!!!üõͤͤͤ PC es E $82,952 $62,389 $64,849 $82,288 $75,349 

Totale. Ee Se Sy 3587 418 3418 3531 3479 

Total value 3$225,503 $167,471 167,430 203,231 * *$171,974 


W Withheld to avoid disclosing company proprietary data. 

‘Includes material used for refractories and other nonabrasive purposes. 
*Shipments for U.S. plants only. 

*Excludes U.S. and Canadian production and value of aluminum-zirconium oxide. 
Pata do not add to total shown because of independent rounding. 


Table 16.—End uses of crude silicon carbide and aluminum oxide (abrasive grade) in the 
United States and Canada, as reported by producers 


1984 1985 
Use Quantity Value Yearend Quantit Val Yearend 
stocks y ned stocks 
(short tons) (thousands) (short tons) (short tons) (thousands) (short tons) 
SILICON CARBIDE 
Abrasives 50.946 322.217 6,704 46,664 $18,451 6,245 
NMetallurgical 71.140 28.718 6.140 53.433 19.018 5,448 
Refractories and other 14,509 6,190 3,036 12,508 5,094 1,703 
Total “(// ³ĩ AA 136.595 57.125 15,880 112,605 42,563 13,396 
ALUMINUM OXIDE 
Regular: Abrasives plus refractories! 156,814 53,740 9,175 152,401 46,705 16,993 
High purity /// 19,856 10,078 1,950 16,422 7,356 1,769 
„„ See 176,670 63,818 11,125 168,823 54,061 18,762 


Abrasives combined with refractories to avoid disclosing company proprietary data. 
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Table 17.—Production, shipments, and annual capacities of metallic abrasives in the 


United States, by product? 
Production 

Product Quantity Value 
(short (thou- 
tons) sands) 

1984: 
Chilled iron shot and grit W W 
Annealed iron shot and grit W W 
Steel shot and griꝶ _ 196,921 $69,653 
, n ebe 20,427 8,015 
CCC 217,348 11,668 

1985: 
Chilled iron shot and grit W W 
Annealed iron shot and ent... W W 
Steel shot and grit 182.655 54,404 
e ß od ee 17,713 7,584 
Total ee} ca oe b xus 200,368 61,988 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


1Excludes secondary (recycle) producers. 


Shipments 

Quantity Value 

(short (thou- 

tons) sands) 
W W 
Ww W 
197,946 $74,368 
20,053 7,920 
217,999 82,288 
W W 
w W 
187,381 70,647 
10,088 4,102 
197,469 15,349 
XX Not applicable. 


Annual 
capacity? 
(short 
tons) 


Total quantity of the various types of metallic abrasives that a plant could have produced during the year, worki 
three 8-hour shifts per day, 7 days per week, allowing for usual interruptions, and assuming adequate fuel, labor, an 


transportation. 


Includes cut wire, aluminum, stainless steel shot, and items indicated by symbol W. 


Aluminum! 


By Frank X. McCawley? 


World production decreased in 1985 as 
many of the world’s major producing coun- 
tries slowed production in response to high 
inventories and low metal prices. The larg- 
est decrease was in the United States, 
where production decreased 15% from that 
of 1984. U.S. annual capacity decreased 
owing to the closure of three facilities. A 
major innovation to the domestic aluminum 
industry was the introduction of alumina 
tolling into metal by independent compa- 
nies for major foreign and domestic metal 
corporations. Despite low prices and an 
oversupply of metal, new smelters came on- 
stream and production increased in Austra- 
lia, Brazil, and Canada. Foreign sources of 


aluminum continued to supply a large 
share of the U.S. market. Although U.S. 
exports of aluminum increased substantial- 
ly, the United States remained a net im- 
porter of aluminum. 

Domestic Data Coverage.—Domestic pro- 
duction data for aluminum are developed 
by the Bureau of Mines from two separate, 
voluntary surveys of U.S. operations. Typi- 
cal of these surveys is the “Aluminum” 
survey. Of the 11 companies to which 
monthly survey requests were sent, all re- 
sponded, representing 100% of the total 
primary aluminum production shown in 
tables 1, 6, and 14. 


Table 1.—Salient aluminum statistics 
(Thousand metric tons and thousand dollars unless otherwise specified) 


1981 1982 1983 1984 1985 
United States: 

i OA Ee 4,489 3,274 3,353 4,099 3,500 
SE ee $7,520,841 $5,485,121 35.754.298 $7,319,844 $6,249,614 

Price: Producer list, ingot, average cents per 
pound. r y LOL 76.0 76.0 71.8 81.0 81.0 
Secondary rocovere // 1.394 1.466 1.564 11,760 11,762 
Exports (crude and semicrude 787 748 776 734 908 
Imports for consumption (crude and semicrude) 848 878 1,091 1,477 1,420 
Aluminum industry chipment? ? 5,644 5,090 "5,857 16.509 6.385 
Consumption, apparent... 4.614 4,370 5,035 5,279 5,174 
World: neil. ewe wobec 715.079 113,408 13.910 515,664 15.289 


“Estimated. PPreliminary. 
! Beginning with 1984, 5 reaver from 5 purchased, tolled, or imported new and old aluminum scrap expanded for 
full industry coverage. Prior to 1984, aluminum recovered from all types of purchased scrap not expanded for full 
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110 
Legislation and Government Pro- 
grams.—The Environmental Protection 


Agency (EPA) and the Aluminum Associa- 
tion tentatively agreed to new guidelines to 
regulate the effluents from aluminum 
plants discharged into water. The original 
regulations promulgated by EPA in March 
1984, under the Clean Water Act, placed 
strict limits on the discharge of effluents 
from nonferrous metals plants including 
primary aluminum smelters, secondary alu- 
minum smelters, and aluminum fabricating 
plants. The revised guidelines would in- 
crease the limits for fluoride and other 
pollutants from primary plants and for 
metals, including aluminum, chromium, 
and zinc, from casting, cooling, and demag- 
ging operations from secondary plants. The 
Aluminum Association in a consolidated 
lawsuit with other metal companies and 
metal associations had filed petitions to 
review the original regulations. In agreeing 
to the new EPA guidelines, the aluminum 
companies and the Aluminum Association 
agreed to dismiss their lawsuit. EPA was to 
issue new regulations, which affected only 
the aluminum industry. 

Under a proposal for the fiscal year 1987 
budget, the Office of Management and Bud- 
get proposed the sale of the Bonneville 
Power Administration (BPA) to private in- 
terests. The plan was part of a larger 
scheme that proposed selling several Gov- 
ernment assets to private interests. 

The General Accounting Office (GAO) 
study (GAO/RCED-86-23) on the use of recy- 
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cled U.S. Department of Defense aluminum 
to meet the National Defense Stockpile 
(NDS) goal found that with reprocessing 
and changes in the stockpile procedures, 
Department of Defense scrap aluminum 
could make about a 1% increase per year in 
meeting the aluminum stockpile goal. How- 
ever, cost of recycling would be about the 
same as purchasing like amounts of alumi- 
num on the open market. 

On July 8, the President approved the 
National Security Council (NSC) recom- 
mendations for modernizng the strategic 
and critical materials stockpile. Under the 
NSC proposal, the NDS would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict that would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. The status of aluminum was deferred 
until further detailed studies could be 
made. At yearend, this proposal was under 
consideration by the Congress. The Depart- 
ment of Defense Authorization Act, 1986 
(Public Law 99-145), signed by the President 
on November 8, 1985, stated that no action 
may be taken before October 1, 1986, to 
implement or administer any reduction in a 
stockpile goal in effect on October 1, 1984. 
The current aluminum metal goal is 700,000 
short tons but there is only 2,080 tons in the 
stockpile. 


DOMESTIC PRODUCTION 


Primary.—Domestic primary production 
was about 3.5 million metric tons in 1985. 
As 1985 began, soft metal ingot prices and 
high world inventories continued to hurt 
the domestic industry. U.S. producers that 
began reducing production in mid-1984 to 
offset declining prices and high inventories 
continued to shut down production capacity 
throughout the year. In late 1985, US 
annual smelter capacity was reduced to 4.7 
million tons because of the permanent clo- 
sures of Reynolds Metals Co.’s 61,700-ton- 
per-year smelter at Arkadelphia, AR, the 
113,400-ton-per-year smelter at Jones Mills, 
AR, and the permanent closure of Alumi- 
num Co. of America’s (Alcoa) 14,500-ton-per- 
year experimental chloride plant at Palest- 
ine, TX. The Arkadelphia and Jones Mills 
plants both stopped production of metal 
in October 1985, and the Palestine plant 
stopped operation in 1983. By yearend 


1985, the operating rate of U.S. primary 
smelters was about 66.4% with 1.74 million 
tons of the 4.7 million tons of annual 
capacity shut down compared with 78.2% of 
the 4.9 million tons operational at yearend 
1984. The status of the primary industry at 
yearend 1985 was 6 smelters permanently 
closed, 5 smelters temporarily closed, 18 
operating at reduced capacity, and 4 oper- 
ating at full capacity. 

Throughout the year, production capacity 
was shut down as follows: Alcoa shut down 
a total of about 431,500 tons of annual 
capacity at Alcoa, TN, Evansville, IN, 
Massena, NY, Rockdale, TX, Vancouver, 
WA, and Wenatchee, WA; Kaiser Alumi- 
num & Chemical Corp. shut down 55,300 
tons of capacity at Tacoma, WA, and Ra- 
venswood, WV; Reynolds shut down a total 
of 245,000 tons at Listerhill, AL, Arkadel- 
phia and Jones Mills, AR, Troutdale, OR, 


ALUMINUM 


and Longview, WA; Alcan Aluminum Corp. 
shut down 54,400 tons per year at Sebree, 
KY; and Alumax Inc. shut down a total of 
54,400 tons at Mount Holly, SC, and Fred- 
erick, MD. Additional closures during the 
year were 65,300 tons of annual capacity at 
Commonwealth Aluminum Corp.’s Golden- 
dale, WA, and 100,200 tons per year of 
capacity at Noranda Aluminum Inc.’s New 
Madrid, MO, smelters. 

The U.S. aluminum producers made sev- 
eral important adjustments that could 
change the future domestic aluminum in- 
dustry. In general, companies moved into 
new ventures such as fiber optics, ceramics, 
plastics and vinyls, electronics, and other 
nonaluminum industries. In addition, the 
companies were relying less on the produc- 
tion of primary ingot, and instead were 
concentrating on plans for increasing oper- 
ations in the fabrication end of the industry. 
In December, Alcoa announced plans to 
close down 350,000 tons per year of unspeci- 
fied primary capacity. Reportedly, future 
supplies of metal could come from outside 


sources. 
Consolidated Aluminum Corp., St. Louis, 
MO, a subsidiary of Swiss Aluminium Ltd. 
(Alusuisse), Zurich, Switzerland, reorganiz- 
ed its U.S. operations into two groups, a 
basic aluminum business and a value-added 
diversified organization. The basic group 
was made responsible for production and 
sale of ingot and mill products from its two- 
thirds interest in the Ormet Corp. plants in 
Hannibal, OH, and its wholly owned plant 
at New Johnsonville, TN. The diversified 
group included the Madison, IL, aluminum 
and magnesium extrusion and rolling mill; 
a lamination plant at Iuka, MS; a metal 
filtration-metal treatment plant at Hender- 
sonville, SC; and the Benton, KY, composite 
plant. The reorganization of Consolidated 
Aluminum from primary production to 
value-added fabrication apparently followed 
the lead of its parent Swiss company, Alu- 


suisse. 

In March, BPA provided the Direct Ser- 
vice Industries (DSI), which included the 
aluminum producers of the Pacific North- 
west, a 4-month incentive rate of 19.8 mills 
per kilowatt hour (mills/kWeh) providing 
the companies purchased a total of 2,282 
megawatts (MW) of power from March 1 to 
July 1. This rate replaced the incentive rate 
of 22.7 mills/kWeh that ended February 28. 
In September, BPA again provided an in- 
centive rate to DSI customers, mainly, 
to maintain the continued operation of 
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the aluminum smelters, which consumed 
about 30% of BPA’s power output, and to 
protect BPA revenues. The 10-month in- 
centive rate, effective September 1, reduc- 
ed the power rate to an average of 18.8 
mills/kWeh dependent on a guaranteed us- 
age of 2,050 MW. The incentive rate was to 
run from September 1, 1985, to June 30, 
1986, and reduced the standard rate of 23.5 
mills/kWeh, about 6 mills from September 
through March, 3 mills in April, and 1 mill 
in May and June. 

In a long-range plan to provide stable 
power to the aluminum and other indus- 
tries of the Pacific Northwest at competi- 
tive costs, BPA conducted a DSI Option 
Study in early 1985. The final report was 
released in June 1985, and based on the 
study, BPA explored three courses of action. 
BPA considered (1) a variable rate structure 
for the industry that would respond to the 
fluctuations in the market price for alumi- 
num, (2) establishment of a joint partner- 
ship program for aluminum plant conser- 
vation-modernization to finance the mod- 
ernization of aluminum smelters and stabi- 
lize BPA revenues, and (3) the establish- 
ment of a functional long-term link between 
the BPA rate for Industrial Firm (IP) power 
sold to industries and the weighted average 
BPA rate charged for Priority Firm (PF) 
power sold to preference customers, mainly 
regional utility organizations. One other 
option considered was no action. Final deci- 
sions on these proposals would be made by 
BPA after public comments and the Envi- 
ronmental Impact Statement have been 
completed.’ In December, BPA proposed an 
initial variable sliding rate scale of 13.8 to 
29.1 mills/kWeh tied to the world market 
price of aluminum. 

Reynolds announced that it would termi- 
nate its 8-year power contract with the 
Arkansas Power and Light Co. (AP&L) on 
January 1, 1987, rather than pay higher 
electric costs imposed by the utility compa- 
ny following the July 1985 startup of a 
nuclear powerplant at Grand Gulf, MS. 
AP&L was required to absorb about 21% of 
the nuclear plant cost as a participant in a 
four-utility consortium, and Reynolds re- 
portedly was required to share costs of any 
new AP&L generating capacity. Estimated 
costs to Reynolds of the increase in power 
was about $20 million per year. The increas- 
ed power costs were a factor in the shut- 
down of the Arkadelphia and Jones Mills, 
AR, smelters in October and the permanent 
closing of the plants in November. 
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In November, National-Southwire Alumi- 
num Co. announced that it would petition 
the Kentucky Public Service Commission to 
reduce the cost from 28 to 22 mills/kWeh 
for power it purchases from the Big Rivers 
Electric Corp., Henderson, KY, for the 
172,000-ton-per-year Hawesville, KY, smelt- 
er. National-Southwire reportedly alleged 
that Big Rivers is paying too much for coal. 
National-Southwire also indicated that it 
could be subsidizing the Alcan 163,000-ton- 
per-year Sebree, KY, smelter power pay- 
ments as a result of an Alcan-Big Rivers 
agreement for linking power costs to the 
London Metal Exchange (LME) price for 
metal. Other factors affecting Big Rivers 
was the notification by the Rural Electrifi- 
cation Administration (REA) that the utili- 
ty was to pay back $1.1 billion in loans 
obtained from REA since 1961. Big Rivers 
was further saddled with a $756 million 
debt for a coal-fired powerplant it does not 
need. About 75% of the power sold by Big 
Rivers was purchased by the National- 
Southwire Hawesville and Alcan Sebree 
smelters, and discussions among all parties 
concerned were expected to be long and 
detailed. The ultimate operations of the two 
smelters could rest on the final decisions on 
power rates. 

Alumax, in November, requested a re- 
hearing on the September 1 ruling by the 
Maryland Public Service Commission that 
allowed Potomac Edison Co. to increase 
power costs for the 160,000-ton-per-vear 
Eastalco smelter at Frederick, MD. A rate 
increase from 24 to 24.8 mills/kWeh was 
granted Potomac Edison and an addition- 
al increase to 26.4 mills/kWeh to cover 
charges associated with the startup of a new 
power station was under consideration. In 
December, Alumax signed an agreement 
with the State-owned South Carolina San- 
tee Cooper Power Co. electric utility to 
reduce the power rate for the 181,000-ton- 
per-year Mount Holly, SC, smelter from 
32.9 mills/kWeh to a low of 26 mills/kWeh 
in the years 1986 to 1991 based on the 
market price of aluminum ingot. The agree- 
ment followed a decision by Santee Cooper 
that granted Mount Holly a decrease to 30 
mills/kWeh for the fiscal year beginning 
July 1. According to the agreement, Alu- 
max must operate the smelter at 290 MW, 
to receive a 26-mill/kWeh rate, otherwise 
the rate would increase proportionally with 
a decrease in demand to 243 MW. Further- 
more, the discount would only apply when 
the average monthly market price is 62 
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cents per pound or below. Between 62 cents 
and 72 cents, there would be no discount, 
and above 72 cents, Alumax would repay 
the cost discount. During the period 1991 
through 1993, Alumax would be obligated to 
repay the discounts. 

The expansion of the Reynolds’ extrusion 
plant at Torrance, CA, including the instal- 
lation of a new 3,150-ton extrusion press 
was completed in October. The expansion 
and modernization project increased the 
annual capacity of the plant from 12,000 to 
21,500 tons. The new press is computer- 
controlled and is capable of producing seam- 
less tubing. After a 2-1/2-month strike, 
production resumed at Reynolds’ aluminum 
extrusion plant in Grand Rapids, MI, fol- 
lowing ratification of a new contract by the 
350 hourly workers. 

National Aluminum Corp., a subsidiary of 
National Intergroup Inc., announced plans 
to construct a new extrusion plant in An- 
niston, AL. The plant would contain several 
extrusion presses and a paint line and was 
expected to be operational by fall 1986. 
National Aluminum has other extrusion 
plants at Murraysville, PA, and Indianapo- 
lis, IN. 

Mitsubishi Aluminium Co. of Japan and 
Thermal Components Inc., Montgomery, 
AL, announced the formation of an equity 
joint venture, Thermalex Inc., to construct 
a new 36,000-ton-per-year aluminum extru- 
sion plant at Thermal Components facility 
in Montgomery. The plant, including a 
1,650-ton press, heating furnace, and relat- 
ed equipment was expected to be transfer- 
red from Mitsubishi Corp.’s Fuji, Shizuoka 
Prefecture, plant for installation at the 
Montgomery facility. Production was ex- 
pected by the summer of 1986. 

Pechiney Corp., the U.S. subsidiary of 
Pechiney, France, was to acquire Interna- 
tional Container Corp.'s aluminum aerosol 
can mill at Waterbury, CT. A new company, 
Pechiney-Cebal Corp., would operate the 
mill as a subeidiary of Pechiney Corp. The 
mill had an annual capacity of 30 million 
aerosol cans but was expected to be expand- 
ed to a capacity of 60 million cans. 

Alcan Cable, a division of Alcan Alumi- 
num, announced the $600,000 expansion . 
and modernization of its aluminum cable 
facility at Williamsport, PA. The expansion 
included a new metal processing furnace 
and related equipment. Nichols-Home- 
shield, Aurora, IL, announced the expan- 
sion of its aluminum wire operations in 
Florence, AL, by consolidating production 
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into one large facility. A small wire produc- 
tion line, which operated at a plant in 
Davenport, IA, was being moved to the 
Alabama plant. 

Norandal USA Inc., a subsidiary of 
Noranda Aluminum, completed its acquisi- 
tion of the Revere Copper and Brass Inc.’s 
aluminum rolling mill at Scottsboro, AL, as 
part of its program to increase its value- 
added products involvement. The sale of the 
mill by Revere required the approval of the 
bankruptcy court of New York. Revere had 
been operating the mill under chapter 11 of 
the Federal Bankruptcy Code, and sale of 
the mill as part of Revere’s reorganization 
plan required approval of the court over- 
seeing the reorganization. The mill would 
continue to produce sheet and plate with 
primary aluminum supplied by Noranda’s 
204,000-ton-per-year smelter at New Ma- 
drid, MO. The Revere Scottsboro primary 
smelter was not included in the transaction. 

Commonwealth Aluminum was incorpo- 
rated as the U.S. subsidiary of Comalco Pty. 
Ltd., Australia, which in late 1984 
purchased most of the aluminum operations 
of Martin Marietta Corp. They included a 
168,000-ton-per-year Goldendale, WA, pri- 
mary smelter; a 109,000-ton-per-year rolling 
mill and 204,000-ton-per-year recycling 
plant at Lewisport, KY; an alumina unload- 
ing port at Portland, OR; and other assets. 

Newly formed Northwest Aluminum Co., 
a group headed by a former executive direc- 
tor of BPA for DSI companies, was granted 
the exclusive rights to negotiate the pur- 
chase of Martin Marietta’s 82,000-ton-per- 
year The Dalles, OR, smelter. The smelter 
was shut down by Martin Marietta in De- 
cember 1984 when no buyer for the oper- 
ation was found. 

In September, Atlantic Richfield Co. 
(ARCO) sold the ARCO Aluminum Co.’s 
163,000-ton-per-year Columbia Falls, MT, 
aluminum smelter to a group of investors 
headed by a former ARCO executive. The 
group, Montana Aluminum Investors Corp., 
began operation of the smelter through the 
Columbia Falls Aluminum Co. The plant 
was purchased with financial underwriting 
from the Montana Board of Investments 
under a provision that overhead, salaries, 
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hourly labor costs, and BPA energy costs 
were reduced. The new management an- 
nounced the smelter would be converted 
into an international alumina tolling facili- 
ty following the complete processing of the 
existing ARCO inventory of alumina in 
April 1986. 

In September, a group of investors headed 
by Joseph A. Frates, who successfully ac- 
quired Kaiser Steel Corp. in 1984, began an 
attempt to take over Kaiser, Oakland, CA, 
by filing an intent with the Securities Ex- 
change Commission. The group reportedly 
announced that it would dispose of all 
Kaiser assets except the aluminum and 
industrial chemicals. Kaiser rejected the 
Frates group’s initial offer; however, in 
December, the group had acquired 14.4% of 
Kaiser and was offering shareholders $20 
per share consisting of $7 cash and $13 in 
securities. The group also announced that it 
would consider replacing the company’s 
directors with their own selection. By year- 
end, it was apparent a major proxy fight 
was forming between Kaiser and the Frates 
group. 

Alcan and Reynolds announced that 
Reynolds would purchase Alcan's Metals 
Goods Div. The division, housed in St. Louis, 
MO, operated 2" service centers, which 
distributed aluminum, nickel, stainless 
Steel, and steel. Reynolds indicated the 
centers would be incorporated into its 
Reynolds Aluminum Supply Co. Div., which 
operated distribution service centers in the 
Southeast, lower Midwest, and West. 

In March, Kaiser renegotiated a new 3- 
year labor contract with the United Steel- 
workers of America (USWA) for a reduction 
in wages and benefits. Kaiser's new labor 
contract replaced the master contract that 
would have expired on May 31, 1986. The 
contract called for a total wage and benefit 
cost reduction of an average of $4.50 per 
hour, the loss of some paid holidays, and 
modifications to vacation time and health 
insurance benefits. In return, the workers 
would receive a series of preferred stocks 
that would accumulate in a trust. About 
6,500 workers were covered by the contract, 
which was expected to save the company 
about $50 million per year. 
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Table 2.—Primary aluminum production capacity in the United States, by company 


Yearend capacity 
Company (thousand metric tons) 1985 ownership (percent) 
1975 1985 
Alcan Aluminum Corp 
Sebree, KX"? 109 168 Alcan Aluminium Ltd., 100% 
Al 
Ferndale, WA (Intalco)*____________ 236 254 — AMAX Inc., 50%; Mitsui & Co 
dn 45%; N Steel 5% 
Frederick, MD (Eastalco? h) 160 160 
Mount Holly, SC ___.__---------- 179 181 Do. 
%%/// ³˙·w¹AA ⁵˙ 6ͥüQw:ömL 575 595 
Aluminum Co. of America: 
777; AAA 245 200 Aluminum Co. of America, 100% 
Badin, (CC. 109 115 Do. 
Evansville, IN (Warrick) - )) 254 210 Do. 
See UR 122 206 Do. 
Palestine, :̃T — ms Do. 
t 7 eee 163 Do. 
TE 22222555212 2x6 258 810 Do. 
Vancouver, WA `... 104 110 Do. 
Wena WA Rmi 163 205 Do. 
mu das a 1,418 1,416 
Columbia Falls Aluminum Co.: 
Columbia Falls, M 168 168 Montana Semoun Investors 
Commonwealth Aluminum Corp. i 
Goldendale, WAA 109 168 Comalco Pty. Ltd., 100% 
Consolidated Aluminum Corp 
Lake Charles, L 83 — — Swiss Aluminium Ltd., 100% 
New Johnsonville, TT 128 181 Do. 
WE 161 181 
Kaiser Aluminum & Chemical Corp 
NORIS 236 286 Kaiser Aluminum & Chemical Corp. 
Mead, WA (S 5 200 200 
2 S es 148 148 Do. 
riti WA LI a Lines uS e 18 78 Do. 
— 2 — 
Th WEE 657 657 
Marietta Aluminum Inc. 
The Dalles, ꝶkůuꝗUꝗuůuñ 82 82 Martin Marietta dei $ 87.2%; 
private interests, 12.8%. 
National-Southwire Aluminum Co.: 
Ti a aa v ee 168 172 National Steel de) teg 
Southwire Co., : 
Noranda Aluminum Inc.: 
New Madrid, MO- WWW 64 204 Noranda Mines Ltd., 100%. 
Hannibal, Of 236 245 Consolidated Aluminum Corp., 66%; 
Revere Copper and Brass Inc., 34%. 
Revere Copper and Brass Inc.: 
VCC 10³ 105 Revers Copper and Brass Inc., 100%. 
Reynolds Metals Co.: 
Arkadelphia, AR... ------------- 62 -- Reynolds Metals Co., 100%. 
Corpus Christi TX SCIT TEACHER VUE 108 HM Do. 
Jones Mills, ĩãõʒde 113 zm Do. 
Listerhill AL. ---------------- 188 183 Do. 
iew, W. 190 191 Do. 
NY cl ee 114 114 Do. 
Troutdale, OR Kk 118 118 Do. 
z 888 606 
Grand total 4,123 4,706 
1Purchased from ARCO Metals Co. in 1985, which from Anaconda Aluminum Co. in 1982. 
3Ajumax Inc. purchased equity share from Howmet Inc. in 1983. 
Experimental 16,000-ton-per-year chloride reduction plant opened in 1976, closed Dec. 1985. 
*Purchased from ARCO Metals in 1985, which from Anaconda Aluminum in 1982. 


SPurchased from Martin Marietta Aluminum in 1985. 
“Sold to Reynolds Metals Co. in 1988. 
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Secondary.—Consumption of purchased 
new and old aluminum scrap was about 1.9 
million tons, the same as that of 1984. 
Recycled used beverage cans (UBC) contin- 
ued to be a major source of old scrap. 
According to the Aluminum Association, 
33.1 billion aluminum cans were recycled in 
1985 representing about 51% of aluminum 
cans shipped.“ The recycling effort of UBC 
represented an estimated energy savings of 
about 9.5 billion kilowatts of electricity. 

In September, Alcoa opened a new alumi- 
num UBC plant in Edison, NJ, which proc- 
essed cans from 11 Eastern States. The 
plant was expected to sort and bale about 36 
million cans per year. The recycled cans 
were sent to Alcoa’s Tennessee facilities for 
remelting and fabrication into can sheet 
stock. | 

Allied Metals Co., Chicago, IL, delivered 
its first 37,000-pound shipment of molten 
metal from its Division Street plant to a 
diecasting facility in August. The plant, 
acquired from Harco Aluminum Co. during 
a bankruptcy sale in 1984, was modernized 
for molten metal operation with a new 
190,000-pound-capacity reverberatory fur- 
nace, and three 18,000-pound-capacity hold- 
ing vessels to accommodate the molten 
metal, and a 60-short-ton-capacity crane to 
load the vessels on custom-made trailers. 
The new equipment reportedly reduced the 
cost of heating gas per pound of metal 
produced. 

Alumax, San Mateo, CA, closed its Rock- 
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because of an oversupply of primary alumi- 
num ingot in the company's system. The 
Rockwell smelter, acquired as part of How- 
met Aluminum Corp., a subsidiary of Pechi- 
ney, in 1983, was producing about 75 million 
pounds of rolling ingot and billet annually 
for Alumax's Lancaster, PA, rolling mill 
and Magnolia, AR, extrusion plants, respec- 
tively. 

Charles Batchelder Co. Inc., a Connecti- 
cut secondary aluminum smelter, asked 
creditors to delay their request for pay- 
ments in order to avoid filing a chapter 11 
petition for bankruptcy protection. The 
company's financial problems were the re- 
sult of an explosion in April 1984 that 
caused a loss of production for a long period 
and a low volume of sales after production 
resumed. The company was seeking a loan 
of about $3 million to help reestablish its 
financial condition. 

Huron Valley Steel Corp., Beltsville, MI, 
ceased production of secondary aluminum 
ingot at its Trenton, MI, facility. The plant 
produced about 36 million pounds of second- 
ary aluminum from scrap. The company 
was expected to remain in the secondary 
aluminum business by providing aluminum 
scrap to the U.S. Reduction Co. for process- 
ing at the Toledo, OH, facility. 

A new secondary aluminum smelter was 
scheduled to open in Hammond, IN, by 
Standard Alloys Corp. The corporation, 
headed by a former officer of Wabash Alloys 
Inc., expected secondary aluminum sales to 


well, TX, secondary smelter at yearend 1984 exceed $35 million per year. 
for an indefinite period of time reportedly 
CONSUMPTION 


Apparent consumption of aluminum met- 
al decreased by less than 2% in 1985 com- 
pared with that of 1984. Although the larg- 
est consumer of aluminum in 1985 was the 
containers and packaging industry, ac- 
counting for 27% of the total shipments, the 


increase in consumption of metal by this 
sector was less than 2%. The low growth 
rate was, in part, the result of improved 
technology to produce a thinner walled and 
lighter weight beverage can. 
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Table 3.—U.S. consumption of and recovery from purchased new and old aluminum 
scrap,' by class 


(Metric tons) 
Clase Co : Calculated recovery 
umption 
EET Aluminum Metallic 
1984 

Secondary smelters __._______._-__.--------------- 792.907 633.287 
Primary producerg „1 ũ?᷑E 782,105 654,642 701,926 
Fabricators oum ue ⁵ é ³o»¹ 192,288 164.342 175,949 
e,, eee e eee. 94.141 78.482 84,417 
Chemical producerererererrbͤ lil „„ 37,217 16,707 17.277 

TOUR aos Mes n ⁵²˙. , ˙¹r AAA 1,898,658 1,547,460 1,664,069 
Estimated full industry coverage 2,010,000 1,637,000 1,760,000 

1985 

Secondary smelters _____._____-_-_----__---------- 853,722 702,136 757,674 
Primary producer& - - - - „„ 725,890 611,371 655,250 
Fabricators EEN 178,494 154,310 165,074 
Fund ee et 93,680 18,209 84,163 
Chemical producerrerererer s — 26,758 12.246 13,113 

77ö;—z f . ets 1,878,544 1,558,272 1,675,274 
Estimated full industry covergggeek 1,978,000 1,638,000 1,762,000 


1Excludes recovery from other than aluminum-base scrap. 


Table 4.—U.S. stocks, receipts, and consumption of purchased new and old aluminum 
scrap! and sweated pig in 1985 


(Metric tons) 
: Net 
Class of consumer and type of scrap g see: us EE 83 
Secondary smelters 
New scrap: 
IT TEE 711.979 213,196 208,819 16,356 
Borings and turnings _ - - gz 77,211 124,142 125,130 6,823 
Dross and skimmings - —- - - ----------------- 7,741 60,119 63,537 4,323 
f d Bee E 72.909 32,695 34.682 922 
Total oe et eee eae dd F29,840 430,752 432,168 28,424 
Old scrap: D 
Castings, sheet, clippings- - 17.193 148,400 148.593 7,000 
Aluminum-copper radiator -- 71.265 15,381 15,429 1,217 
Aluminum cans |... LLL LL c ~~~ ee 16.816 173,495 178,083 2,228 
Other ooo esa Se eed oe hoe ees "37 2,231 2,234 34 
Total —————— 715311 339,507 344.339 10479 
Sfr E me EE S 19324 75,249 77,215 7,358 
Total secondary smelters ______._________-_ 154,475 845.508 853.722 46.261 
Primary producers, foundries, fabricators, chemical plants: 
New scrap: 
Solids occu Leu dore ni cem Eee uas Seal eet alas 117.373 443,826 438.738 22.461 
Borings and turningn aas 192 24,473 24,559 106 
Dross and skimmings _ ~- - - - - ----- ----------- 1690 22.462 22.766 386 
;’·;o ⅛5rv ³ o LE ric c 7.209 46.751 48,487 5,473 
Total TENEMUS ete fd ee a 125,464 537.512 534,550 28,426 
Old scrap: 
Castings, sheet, clippings. - - -- -- - ------------ 1959 52.117 52.162 914 
Aluminum copper radiator LLL Lll. 11 1.532 1.515 28 
Aluminum canal 25,956 377.232 392,407 10,781 
G;’ sli ͥ iesus n tee es 2,742 19,467 20,467 1,742 
ke 729,668 450,34R 466,551 13,465 
Sweated pig 1654 23,363 23,121 296 
Total primary producers, ete 155,786 1.011.223 1.024.822 42. 187 


See footnotes at end of table. 
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Table 4.—U.S. stocks, receipts, and consumption of purchased new and old aluminum 
scrap! and sweated pig in 1985 —Continued 


(Metric tons) 
Stocks, Net Consump- Stocks, 
Class of consumer and type of scrap Jani receip on 31 
All scrap consumed: 
ew scrap: 

Solidi ice 22 os ·⁰ Af ĩ˙ eee ees 129.352 657.022 647.557 $8,817 
Borings and turninnnsees 17,403 149,215 149,689 6,929 
Droes and eskimmings . _ _ - - ._____-_.-..----- 18 431 82,581 86,308 4,709 
Other i ees ee ee ee ee ee eed 710,118 19,446 83,169 6,395 
Total new scrap- - - -------------------- 155,804 968,264 966,718 56,850 

Old scrap: Fe ee ee eh 
Castings, sheet, clippings... - - -- ----------— 78,152 200.517 200,755 7,914 
Aluminum-copper radiators _ - - --- ---------—-- 11,276 16.913 16,944 1,245 
Aluminum cannnq ee 12772 650,727 570,490 18,009 
Other oe a eee eeu ae 2,779 21,698 22,701 1,776 
Total old scrap . sss 144,979 789.855 810,890 23,944 
Sweated pig *9,978 98,612 100,936 7,654 
Total of all scrap consumed___________-_-_- 7110,261 1,856,781 1,878,544 88,448 


"Revised. 

Includes imported scrap. According to reporting companies, 6.63% of total receipts of aluminum-base scrap, or 123,060 
metric tons, was received on toll arrangements. 

Includes inventory adjustment. 

*Includes data on foil, can stock clippings, and other miscellaneous. 

“Used beverage cans toll treated for primary producers are included in secondary smelter tabulation. 

Includes municipal wastes (includes litter) and fragmentized scrap (auto shredder). 


Table 5.—Production and shipments of secon aluminum alloys by 
independent smelters in the United States 


(Metric tons) 
1984 1985 
: Net : Net 
Production shipments! Production shipments! 
Die-cast alloys: i 
13% Si, 360, etc. (0.6% Cu, maximum 110,904 111,549 111,361 111,042 
380 and variations ` _--------------------- sc 286,458 285,374 219,892 218,868 
Sand and permanent mold: 
95/5 Al-Si, 356, etc. (0.6% Cu, maximum $0,188 80,481 26,415 27,474 
No. 12 and variations Ww W W W 
No. 319 and variations 53,647 53,184 43,940 44,120 
F-132 alloy and variations... --—--------------—- 13,535 13,296 12,116 12,419 
Al-Mg alloys .—-- --------- -M 548 632 292 410 
p . 4.095 4.309 5.154 4.955 
Al-Si alloys (0.6% to 2.0% Cu ----------------—- 4,298 4,337 5,593 5,490 
Al-Cu CHI A (1.5% Si, maximum) _________________ 2,573 2,512 1,807 2,118 
Ar BOWS soam LM IRI IER iux 2,406 2.250 1,012 1,012 
J 8 481 495 664 653 
wrought alio alloys: Extrusion billeetet ese 107,292 105,684 97,168 96,929 
Steel eeng ZE eer 23,718 23,084 21,135 28,010 
Pure (97.0% AD... ee 168 169 168 168 
Aluminum-base hardeners _________ ____________ 1,557 1,566 1,236 1,275 
CNA EENEG 6,799 6,788 14,504 14,305 
//—wẽ / ͥ ⁰¹·w AA a 648.722 645.716 629,117 629,843 
Less consumption of materials other than scrap: 
Primary aluminum- -22 41,443 "- 45,034 uz 
Primary silicon |... 22 eee 35,093 ey 25,028 PM 
EE, eg 8 2,316 ES 2,227 PX 
Net metallic recovery from aluminum scrap and sweated pig 
consumed in production of secondary aluminum ingot? _ _ - - - 569,870 XX 556,828 XX 


W Withheld to avoid disclosing company proprietary data; included with "Send and permanent mold: Other.” 
XX Not applicable. 

Includes inventory adjustment. 

21 nciudes other die-cast alloys and other miscellaneous. 

No allowance made for melt-loss of primary aluminum and alloying ingredients. 
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Table 6.—U.S. apparent aluminum supply and consumption 


(Thousand metric tons) 

1981 1982 1983 1984 1985 

Primary production J) om D c oh ae geo EE 4489 3,274 3.353 4,099 3,500 

Change in stocks:* Aluminum industry --------------------- -694 +184 +547 -388 +312 

Ell ge et ee ea 848 878 1,091 1,477 1,420 
Secondary recovery:? 

EFF) eerte ey K oe eis 1,031 884 953 935 912 

Old SCrBD. a deer 758 782 820 825 850 

Total supply seco --—-----~---------------- 6,432 6.002 6,764 6,948 6,994 

Lees total exports. __ e 187 748 776 134 908 

Apparent aluminum supply available for domestic manufacturing 5,6645 5,254 5.988 6,214 6,086 

Apparent consumption" - -----------=----------------- 4614 4,370 5035 5.279 5,174 


positive figure indicates a decrease in stocks; negative figure indicates an increase in stocks. 
3Metallic recovery from purchased, tolled, or imported new and old aluminum scrap expanded for full industry 


: 


rage. 
Apparent aluminum supply available for domestic manufacturing less recovery from purchased new scrap (a measure 
of consumption in manufactured end products). 


Table 7.— Distribution of end-use shipments of aluminum products in the United States, 


by industry 
1983 1984 1985P 
tity Percent ntity Percent antity Percent 
Industry (thousand of (thousand of ea of 

metric grand metric grand metric grand 

tons) total tons) total tons) total 
Containers and packaging 1,777 127.7 1.829 26.1 1.863 28.9 
Building and construction - nnn 1.302 20.3 1.295 18.5 1.381 19.9 
Mie - -- ----------- 11,062 716.5 1.370 19.5 1.364 19.7 
Electrical!!! 589 9.2 677 9.7 642 9.3 
Consumer durables 478 17.4 502 7.2 477 6.9 
Machinery and equipment 353 5.5 375 5.4 377 5.4 
r markets 1261 74.1 274 3.9 265 8.8 
Statistical adjustmenntt F435 r5 +187 2.7 +16 2 
Total to domestic users 75,857 91.2 6,509 93.0 6,385 92.1 
Exporte „„ 8.8 488 7.0 546 7.9 
Grand total 16,420 100.0 6,997 100.0 6,931 100.0 


Source: The Aluminum Association Inc. 


Table 8.—U.S. net shipments’ of aluminum wrought and cast products, by producers 


(Metric tons) 
1983 1984 1985 

Wrought products: 
Sheet, plate, foil `. 13.248.948 8,259,163 3,288,544 
Extruded rod, bar, pipe, tube, shapes; drawn and welded tubing 7T] 037,526 1,182,458 1,240,482 
Rolled and continuous-cast rod and bar; wire 7423.024 451.493 378.700 
Forgings (including impacta· „„ 52,711 65.398 67,180 
Powder, flake, packe 135,675 44.758 48.670 
„ P ee ho ee a gia as 14,797,884 5,003,270 5,023,576 
C t ings: , EE EE 
GT DEE EE 175,508 89,651 120,736 
Permanent mold ~- .-.----------------------- 5 7137,122 160,566 151,745 
)))) ³ ³ ( hele sg E 1592.475 679.159 565,017 
C5); ff ³ꝛ q yd 8 155,881 61.092 36,850 
7 cmeL cocer Rmi a ee eee oe T860,981 990,468 874,348 
Grand total + ee i i ee he 5 658,865 §,993,738 5.897.924 


preliminary. Revised. 
Net shipments derived by subtracting the sum of producers’ domestic receipts of each mill shape from the domestic 
industry's gross shipments of that shape. 


Source: U.S. Department of Commerce. 
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Table 9.—Distribution of wrought products in the United States 


(Percent) 
1983 1984 1985» 
Sheet, plate, foil l 
onheat-treatable_ AA d wee Soo 156.9 53.8 55.4 
Heat treatablé . c ee ee %—ͥͥ T Ee M A 8.1 8.6 27 
iS cc RU pP dy dd EN eee ay ea 7.8 7.8 7.8 
Rolled and continuous cast rod and bar; wire: 
WIRE uc d Ne cu btc LEUR LU Re Pa eevee EE. 2.8 23 1.5 
Cable and insulated wir ʒ ee 6.5 6.7 6.1 
ucts: 
eege uou oH 
/ ]] ⁵ ]˙u!pꝶ⁊ ³ ggf mut Kd y ci n Li eus d 
„ d T 118.1 19.9 21.1 
kp EENEG 6 5 NA 
33 Eme lm dci tu mE eun E C m LI EE 5 5 NA 
Powder. flake, paste — - - ---------------- Ee dei e dum ae E 1 9 1.0 
Forgings (including. impact) 22 nu eec a a ecu Lue E e aa 1.1 1.8 1.8 
Totes. ccc eR mE ERU ⁊ͤ d 100.0 100.0 100.0 


PPreliminary. Revised. NA Not available. 
Source: U.S. Department of Commerce. 


STOCKS 


Inventories of aluminum ingot, mill prod- 
ucts, and scrap at reduction and other 
processing plants as reported by the Bureau 
of Industrial Economics, U.S. Department 


of Commerce, decreased from about 2.65 
million tons at yearend 1984 to about 2.35 
million tons at yearend 1985. 


The producer list price for 99.5%-pure 
aluminum ingots remained at 81 cents per 
pound throughout 1985. Several domestic 
producers continued to maintain the trans- 
action price, a price more comparable with 
the market or spot price. At yearend 1984, 
the average weekly market price for alumi- 
num ingot, usually 99.796 pure, as publish- 
ed by Metals Week (McGraw-Hill), was 50.2 
cents per pound. By yearend January 1985, 
the price had risen to about 52 cents. The 
price remained relatively stable until April 
when it began to soften, reaching about 46.5 
cents by July 1. It remained weak during 
the summer and early autumn before de- 
clining to a 1985 low of 45 cents in mid- 
November. During the last half of Novem- 
ber and during December, the market price 
increased rapidly, closing out the year at a 
weekly average of about 53 cents per pound. 


Both the LME and New York Commodity 
Exchange (COMEX) prices for aluminum 
futures followed the same general trend as 
the market prices. However, the LME cash 
price, as published by Metals Week, was 
usually about 2 to 8 cents lower than the 
U.S. market price until November, when 
the difference in prices was about 4 cents 
per pound. COMEX prices, when compared 
with market prices, were usually 2 to 4 
cents lower per pound for metal with short 
delivery dates and about 1 to 2 cents higher 
per pound with longer delivery dates. Pro- 
ducer U.S. transaction prices, as published 
by Metals Week, were usually plus or minus 
0.5 cent per pound of the market price. The 
following table summarizes aluminum 
prices at selected dates during the year, in 
cents per pound: 


120 
COMEX II COMEX 2? 
1984: December ll! 47.21 47.92 
1985: 
January 8 49.48 49.99 
February 2 49.25 49.84 
March 2 49.15 49.69 
TTT 48.65 49.18 
May 21 L 2 ---------—- 48.11 48.58 
ine 44.8 45.27 
GC eee 44.52 44.97 
August 256 44.97 45.46 
September 00 43.09 43.72 
October 82 42.96 43.47 
November 2 43.63 44.17 
December 30 51.03 51.49 


COMEX 3? 


51.82 
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LME (cash) 


47.64 


U.S. market 


49.75-50.75 


50.75-52.00 


!COMEX delivery positions: 1—within 1 month; 2—within 3 months; and 3—within 12 months. 


Source: Metals Week. 


Secondary aluminum prices, as quoted in 
the American Metal Market, followed a 
price trend similar to that of primary alu- 
minum. Secondary aluminum alloy 360 and 
413 began the year at about 68 to 70 cents 
per pound. In July, alloy 360 had declined to 
57 to 58 cents and alloy 413 was 58 to 59 
cents. Prices of these alloys began to in- 
crease about September, and by yearend, 
alloy 413 was 62 to 63 cents and alloy 360 


was 61 to 62 cents per pound. Alloy 380 was 
about 3 to 4 cents per pound lower than 
alloys 413 and 360. Buying prices of old 
sheet and cast aluminum scrap ranged from 
a high of about 35 cents per pound in 
February to a low of 28 cents in July and 
August. UBC scrap, processed and delivered 
to producers, was bought throughout the 
year at a range of from 29 to 39 cents per 
pound. 


FOREIGN TRADE 


Exports of all forms of aluminum from 
the United States increased substantially 
from the 1984 level. Canada, Japan, and 
Mexico accounted for most of the increase, 
reflecting increased shipments of crude 
metal and scrap to Japan and of crude 
metal to Canada and Mexico. Exports of 
plates, sheets, bars, etc., decreased from 
1984, reflecting a decrease of shipments to 
the United Kingdom. Imports of aluminum 
in all forms decreased slightly from those of 
1984, but total imports remained substan- 
tially greater than the quantity of alumi- 
num exported. In descending order, the 
major aluminum shipping countries to the 
United States were Canada, Japan, Vene- 
zuela, Brazil, Belgium-Luxembourg, the 
United Arab Emirates, and Argentina. Can- 
ada provided most of the ingot and scrap 


metal while Japan, Venezuela, and Bel- 
gium-Luxembourg supplied most of the 
semicrude forms. Bahrain, a large supplier 
of ingots in 1984, reduced its supply to the 
United States by about 60%. 

US tariff rates in effect during 1985 for 
aluminum products from countries with 
most-favored-nation status were as follows: 


Item TSUS No. Import duty 
Unwrought metal (in coils) 618.01 2.8% ad 
valorem. 
Unwrought (other than Si- 

Al alloys). ......_-- 618.02 0.2 cent 
per 
pound. 

Wrought (bars, plates, 

sheets, strip). ------- 618.25 3% ad va- 

lorem 
Waste and scrap- ------ 618.10 2% ad 
valorem 
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Table 10.—U.S. exports of aluminum, by class 


1984 1985 
Class tity value Quantity = value 
metric (metric 
tons) (thousands) tons) (thousands) 
Crude 
Metals and alloys, cru lee 259,598 $396,798 347,292 $441,598 
JJ ᷣͤ E E RP EE 258,404 215,686 374,646 350,669 


CCC 783.813 1,278,429 907,876 1,311,086 


Manufactures: 
Foil and leg 21,369 38,320 19,497 28,800 
Powders and flakes. ________________________- 3,219 11,951 2.492 9,838 
Wire and cable ____________________________ 4,824 14,535 5,619 15,358 
TOO ooo x ie i ee 29,412 59,806 21,608 53,996 
Grand total... 163,225 1,333,235 935,484 1,365,082 
Source: Bureau of the Census. 


Table 11.—U.S. exports of aluminum, by country 


Metals and alloys, Plates, PA Scrap Total 
Country tity Val i i i 
y ue tity Value tity Value Quantity Value 
Tak dec "ek Nous CK. dec utc. uec 
tons) sands) tons) sands) tons) sands) tons) sands) 
1984: 
Argentinas 44 $197 119 $717 18 $17 181 $931 
Australia 1.517 2,494 1,537 6,642 339 445 3,393 9,581 
Belgium-Luxem- 

D 10 25 495 2,441 1,632 1,610 2,187 4.076 
Brazil 1.404 5.589 270 549 1,638 7,542 
Canada 17,356 84,324 130,978 335,468 21,630 23,194 169,964 393,586 
Chile 165 260 139 218 914 

Eesen 134 544 173 1,537 6 20 313 2,101 
Cerman, Federa! 

Republic o 760 1,894 10,296 5,881 5,894 7,874 16,950 
Kong ....- 8,310 4,703 1,932 231 3,976 6,957 
RD ON EOS 115 492 2,553 13,135 28 73 2,696 13,700 
Italy 40 272 4.967 17,703 2,823 2, 7,830 20,795 
Japan 139,717 209,866 3,517 14,561 170,596 184,264 313,830 408,691 
Korea, Republic of 21,166 28,784 4,36 1, 1,400 23,310 
Mexico 15,845 25.222 21.865 : 32,056 35,638 69,766 111,347 
Netherlands. |... 7,851 10,033 1,705 1,893 8,780 8,512 à 1, 
Taiwan 14.519 19,367 8,980 16,193 3,287 31,687 41,634 
United Kingdom 8 702 21,774 49,296 274 22,095 50,272 
Venezuela... 274 782 22,771 2 8 8, 23,048 
Other 737,193 57,075 711,948 746,692 71,404 71,546 50,545 105,318 
Total. 259,598 396,798 215,811 600,945 258,404 275,686 733,818 1,213,429 
CR 88 150 132 828 51 019 
33 41 1.01 
Australia 227 600 1.110 5,605 24 37 1,361 ; 
Beigium-Luxem- 
bourg... 55 39 513 2,956 2,934 2,555 3,502 5,550 
Brazil... ...- 234 1,066 1,006 5,334 886 2,181 1,286 
C nada 96,200 50,867 127,064 303,756 15,840 15,599 179,104 370,222 
Chile ........ 111 147 5 113 179 
Colombia 33 118 1,598 3,766 21 1,652 4,212 
Germany, Federal 

j 3 288 856 1,556 9,833 4,844 4,942 6,688 15,031 

ng Kong OPES NM 4,167 4,789 2 2,908 1 164 5.159 ; 
„ 172 4,082 15,911 49 S 16,788 
Italy 21 169 2,300 12,215 5,029 4,393 7,350 16,777 
333 198.341 239,255 3.753 17,121 ,620 243,664 465,714 500,040 
Korea, Republic of _ 1,065 24,729 1,485 4,420 183 T10 ; 29,919 
Menico 20,011 27,786 57,115 49,772 53.891 92.741 138.792 

Netherlands 27,346 29.762 1.189 7,104 5,271 4 ,806 ; 
Taiwan 15,007 17,660 1,316 800 21,601 16,221 37,924 39,681 
United Kingdom 1414 2,170 17,046 1,581 1,556 5,918 20,112 
Venezuela ______ 50 285 5,091 13,807 2 5 5,143 14,097 
Ocbhrr 22,512 40,327 6,985 83,181 2,114 1,549 31,611 75.057 
Total. 347,292 441,698 185,938 518,819 874,646 350,669 907,876 1,311,086 


"Revised. 
‘Includes castings, forgings, and unclassified semifabricated forms. 
Source: Bureau of the Census. 
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Table 12.—U.S. imports for consumption of aluminum, by class 


1984 1985 
Class yee alue kreie 
metric (thousands) peel (thousands) 
Crude and semicrude: 

Metals and alloys, crude ~ ~ - „ 881,956 $1,292,724 868,674 $1,017,458 
Circle and disk „„ 13,219 81,672 11,764 25,130 
Plates, sheets, etc., nee „„ 393,738 893,013 944,948 721,308 
Rods and bars |... A 46,531 90,337 68,714 86,162 
Pipes, tubes, etc _ - - - -- - -- ------ ⁰ ⁰⁰ 4,074 12,609 8,348 14,876 
BORD uc ceu P 187,675 145,748 121,501 108,625 
Total 232 ͤ Ä a at 1,477,198 2,466,108 1,419,944 1,978,554 

ufi GEET G OOOEEELULLLAAL [AMA RE d 
3 Mte S ⁵⁵¼⁰¼— 8 24.496 90,629 25,934 82,879 

T pL PITE et eS (!) 108 (1) 108 
Flakes and powder“ 4,678 8,601 4,480 7,593 
Ur ³˙¹ddſdſdſdſdd/ſã⅛ẽ.. a 3,017 6,633 4,238 8,123 
fola]. x ——tellc d secula inci $2,186 105,971 $4,652 98,703 
Grand totll 1.509.379 2,572014 1454596 2,072251 


11984—aluminum leaf not over 30.25 square inches in area, 1,375,995 leaves, and aluminum leaf over 30.25 square 
inches in area, 85,741,832 square inches; and 1985—aluminum leaf not over 30.25 square inches in area, 1,505,626 leaves, 
and aluminum leaf over 30.25 square inches in area, 68,118,504 square inches. 


Source: Bureau of the Census. 
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WORLD REVIEW 


World primary aluminum production ca- 
pacity decreased slightly in 1985. Although 
there were significant reductions of annual 
capacity in Japan and the United States, 
they were offset by capacity expansions in 
Australia, Brazil, and Canada. Several oth- 
er countries announced plans to increase 
annual primary smelter capacity within the 
next several years. 

World production of primary aluminum 
fell slightly to 15.3 million tons in response 
to high metal inventories and lower prices. 
The United States led the world in reducing 
metal production. Several of the West Euro- 
pean countries and Japan also lowered 
production, but their lower production was 
offset by increased production in Australia, 
Brazil, and Canada as new production ca- 
pacity potlines were brought on-stream. 

Primary aluminum inventories held by 
members of the International Primary Alu- 
minum Institute (IPAD, which represent 
the bulk of the stocks held outside the 
centrally planned economy countries, de- 
creased from 2.59 million tons at yearend 
1984 to 2.18 million tons at yearend 1985. 
IPAI reported that total metal inventories, 
including secondary aluminum, was 3.96 
million tons at yearend. 

During 1985, two separate international 
conferences by independent aluminum pro- 
ducers met to discuss cooperation among 
countries in matters of common interest. 
Nine independent producers from Argenti- 
na, Bahrain, Brazil, Dubai, Egypt, Indone- 
sia, Norway, Switzerland, and Venezuela 
met in Buenos Aires to discuss aluminum 
supply, demand, and pricing. The results of 
the meeting appeared to be some coopera- 
tion in regard to pricing of aluminum and 
the formation of a study group. In Cairo, 
the Second Arab Aluminum Conference 
(ARABAL 85) was attended by 12 Arab 
countries, India, and 11 European countries 
to discuss ways of maintaining or improving 
the Arab aluminum industry's competitive- 
ness in world markets. 

Argentina.—In July, Aluminios Argenti- 
nos S. A. I. C. (ALUAR) cut its production 
rate by 10,000 tons per year but increased 
its annual capacity by 6,000 tons to 146,000 
tons in June and planned to increase annu- 
al capacity to 150,000 tons by February 
1986. 

Australia.—Alcan Australia Ltd. brought 
the third potline into commission at its 
Kurri Kurri smelter. The new 50,000-ton- 
per-year potline, which increased annual 
capacity to 140,000 tons, was completed in 


October 1984, but commissioning the pot- 
line was delayed owing to poor aluminum 
prices. However, about mid-1985, Alcan 
stated that the current value of the Austra- 
lian dollar made production at the Kurri 
Kurri smelter competitive with world 
prices. 

Partnership of the Portland, Victoria, 
aluminum smelter continued to change dur- 
ing the year. Alcoa of Australia Ltd. and the 
Victorian State government, the major 
partners, increased their shares of the 
smelter to 60% and 40% from their original 
45% and 25%, respectively, when the Aus- 
tralian Commonwealth Superannuation 
Fund Investment Trust and Hyundai Corp., 
the Republic of Korea, decided against pro- 
posed stakes in the partnership. In Septem- 
ber, First National Ltd., a banking arm of 
the National Australia Bank, agreed to take 
a 10% share in the smelter reducing both 
Alcoa’s and the State government's shares 
by 5%. In October, the China International 
Trust and Investment Corp. agreed to take 
an additional 10% interest in the smelter. 
At yearend 1985, the proposed ownership of 
the 300,000-ton-per-year smelter project was 
Alcoa of Australia, 50%; Victoria State 
government, 30%; First National, 10%; and 
China International Trust, 10%. The first 
150,000-ton-per-year potline was about 55% 
complete and was expected to come on- 
stream about November 1986. The second 
150,000-ton-per-year potline was scheduled 
for startup in 1988. 

The proposed 220,000-ton-per-year smelt- 
er project for Western Australia, sponsored 
by Reynolds, Griffin Coal Mining Co. Ltd., 
and the Western Australian government, 
was suspended indefinitely in 1985. The 
withdrawal of the fourth partner, Kukje 
Corp.-ICC Group of the Republic of Korea, 
left the group without a 50%-equity partici- 


t. 

Bahrain.—Gulf Aluminum Rolling Mill 
Co. constructed a 40,000-ton-per-year com- 
puter-controlled aluminum foil rolling mill 
in Bahrain. The mill was sponsored by 
Bahrain, Iraq, Kuwait, Oman, Qatar, and 
Saudi Arabia, and major equipment will 
consist of a four-high reversing hot mill and 
a four-high nonreversing cold mill. Width of 
the mill was 1,751 millimeters. 

Belgium-Luxembourg.—National Lux- 
embourg Aluminium Co. (NLAC) increased 
its foil and casting capacity at its Dun- 
delange plant by the installation of a con- 
tinuous casting plant. It also increased its 
molten metal processing capacity in its 
casthouse by 20%. NLAC, which came on- 
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stream early in 1985, is a subsidiary of the 
U.S.-based National Intergroup. 

Brazil.—Cia. Brasileira de Aluminio 
(CBA) announced that it would increase the 
annual capacity of its Sorocaba, Sáo Paulo, 
smelter to 340,000 tons by the end of the 
century. CBA increased annual capacity 
from 125,000 to 155,000 tons in 1985 and 
planned to increase capacity to 170,000 tons 
in 1986 and to 240,000 tons by 1990. CBA, a 
subsidiary of S.A. Indústria Votorantim is 
the only wholly Brazilian-owned producer 
of aluminum. 

Consorcio de Aluminio Albras e Alunorte 
S.A. inaugurated its first 80,000-ton-per- 
year potline at the proposed 320,000-ton- 
per-year smelter in November 1985. The 
smelter is about 50 miles upstream of the 
mouth of the Amazon River (Belem). The 
project is 51% owned by the Brazilian 
Government, Cia. Vale do Rio Doce (CVRD), 
and 49% by a consortium of 33 Japanese 
companies, Nippon Amazon Aluminium Co. 
Differences between the two partners over 
pricing for aluminum remained unresolved 
at yearend, and there was some doubt 
whether the second stage of the project 
should proceed under current market condi- 
tions. 

Vale do Sul Aluminio S.A.—jointly owned 
by CVRD (52%), Shell do Brasil S.A. (44%) 
(a subsidiary of Billiton Metais S.A.), and 
Reynolds (4%)—reportedly planned to ex- 
pand its 86,000-ton-per-year Santa Cruz 
smelter another 90,000 to 110,000 tons per 
year. The plant came on-line in 1982, and 
provisions were made for adding two 90,000- 
ton-per-year-capacity sections in the origi- 
nal project. 

In December, the Brazilian Government 
created a study task force to report on the 
possibility of ending the electric power dis- 
count to aluminum producers. Should the 
task force recommend ending the discount, 
future increases in Brazil’s smelting capaci- 
ty could be affected. 

Reynolds reportedly was negotiating to 
construct a $50 million can production 
plant in Brazil. The plant was expected to 
have an annual capacity of about 800 mil- 
lion cans. 

Canada.—Canadian Reynolds Metals Co. 
Ltd., a subsidiary of Reynolds, Richmond, 
VA, expanded the annual capacity of its 
Baie Comeau, Quebec, smelter from 159,000 
to 272,000 tons in September at a cost of 
about $400 million. The North Plant expan- 
sion contained a potline of 240 cells in two 
parallel buildings and used the Pechiney 
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180,000-ampere-cell design with current fed 
to the cells at 1,000 volts. The cells were 
considered to be the most energy efficient 
and environmentally acceptable in the 
world. The 536 pots in the older South Plant 
were removed, rebuilt, and modernized with 
improved technology at a cost of $110 mil- 
lion. The original plant was built in 1957 
and expanded in 1968. An agreement be- 
tween the government of Quebec and Reyn- 
olds provided a reduction in power rates 
during the plant’s first 5 years of operation. 

Alcan Aluminium Ltd. and the Canadian 
Association of Smelter and Allied Workers 
at Alcan’s Kitimet, British Columbia, 
268,000-ton-per-year smelter signed a new 
labor agreement effective July 24, 1985. The 
3-year contract called for some wage in- 
creases and some job security benefits. 

Aluminiere de Bécancour Inc., jointly 
owned by Pechiney (50%), Alumax (25%), 
and Société Générale de Financement du 
Quebec (25%), announced that construction 
of the Bécancour smelter in Quebec was 
several months ahead of schedule and about 
$45 million below cost. The first potline of 
the 230,000-ton-per-year smelter was sched- 
uled to begin operation about mid-1986, 
with the second 115,000-ton-per-year potline 
scheduled to begin operations in 1987. 

Alcan announced the indefinite postpone- 
ment of the greenfield Laterriere smelter 
at Chicoutimi, Quebec, owing to low met- 
al prices and high metal inventories. The 
original project, announced in 1984, called 
for construction of a 250,000-ton-per-year 
smelter costing about $750 million. 

Canadian Reynolds and American Can 
Canada Inc., a subsidiary of American Can 
Co., Greenwich, CT, formed a new company, 
Bevco, to market aluminum and steel bever- 
age cans produced at American Can’s exist- 
ing Canadian can plants and Reynolds’ U.S. 
can facilities. The Bevco partnership covers 
only beverage cans and will market 8, 16-, 
and 32-ounce aluminum cans produced by 
Reynolds. In 1984, Reynolds announced that 
it may construct three canmaking plants in 
Quebec to utilize the metal from the Baie 
Comeau smelter expansion. 

The government of Ontario, which had 
restricted beverage container materials to 
steel or glass, drafted new regulations that 
allowed other types of nonrefillable contain- 
ers for beverages but only in tandem with a 
materials recovery program. The regulation 
also provided that refillable glass contain- 
ers would be guaranteed a protected share 
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of the market. Aluminum beverage can use 
in the Province was expected to utilize 
about 29,000 tons per year of aluminum. 
ee ee oe 
year aluminum smelter in Datong, 
C 
that reportedly would coincide with con- 
struction of an alumina plant in Shanxi 
Province and a hydropowerplant on the 
Yellow River at Quinhai. The first 100,000 
tons of annual capacity with a foundry and 
environmental control facilities was sched- 
uled to come on-stream by yearend 1987. 
The Japanese ies Nissho-Iwai 
Corp. and Nippon Light Metal Co. Ltd. 
reportedly have agreed to assist China in 
building an integrated aluminum smelting 
operation at Pingguo in the Guangxi region. 
The first phase of the project would be a 
100 ,000-ton-per-year smelter with possible 


an s idled 100,000-ton-per-year Toyo 
smelter from Sumitomo Aluminium Smelt- 
ing Co. Ltd. as the first step in construction 
of a 200,000-ton-per-year smelter near Xian 
in Shaanxi Province. Another possible Jap- 
anese plant for the Xian project was part of 
the Ryoka Light Metal’s 76,000-ton-per-year 
Sakaide smelter. 

Davy McKee Corp., a United Kingdom 
engineering company, contracted to build a 
6,000-ton-per-year aluminum foil rolling 
-mill for China’s Shanghai aluminum mill 
plant. It was expected to be completed by 
mid-1988. 

Colombia.—Industrias Metalurgicas Uni- 
das S.A. purchased Alcan Aluminium’s 50% 
equity interest in Aluminio Alcan de Colom- 
bia S.A., a sheet rolling and extrusion 
facility. Industrias Metalurgicas already 
owned one-half of the fabrication facility. 

France.—Pechiney delayed startup of its 
89,000-ton-per-year St. Jean-de-Maurienne, 
Savoie, aluminum potline owing to poor 
market conditions. The potline, originally 
scheduled to begin in the fourth quarter 
of 1984, increased annual capacity of the 
smelter to 130,000 tons. In addition, Pechi- 
ney shut down 17,000 tons of old capecity at 
St. Jean and 20,000 tons at its l'Argentiere, 
Hautes-Alpes, smelter. 

Pechiney will build a 8,500-ton-per-year 
aluminum-lithium (Al-Li) alloy foundry at 
its Issoire facility in central France. It will 
produce 1.5-ton Al-Li ingots for the aero- 
space industries. The plant was expected to 
come on-stream in late 1987 and may even- 
tually be expanded to 12,000 tons of annual 
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capacity. 

Alusuisse and Pechiney signed an agree- 
ment to form a joint subsidiary to operate a 
facility to manufacture aluminum slugs for 
aerosol cans and soft tubes. Pechiney Cebal, 
& subsidiary of Pechiney, would have a 
51% share in the company and Alusuisse, 
a 49% share of the plant at Alusuisse’s 
Beaurepaise slug plant in Isére, France. The 
agreement also called for doubling the 
plant's annual capacity to 15,000 tons. 

Alcoa sold its French soft alloy extrusion 
and anodizing mill at Cháteauroux to Norsk 
Hydro A/S of Norway. Norsk Hydro report- 
edly would invest between $1.1 and $2.16 
million to modernize the mill. The mill 
produced extrusions mainly for the con- 
struction industry and had an annual ca- 
pacity of about 8,000 tons. 

Électricité de France, a state-owned utili- 
ty company, and Pechiney concluded an 
agreement to obtain a special fixed low 
price for 8 billion kilowatts of power annu- 
ally for 10 years. Pechiney agreed to present 
Électricité with 2 billion francs worth of 
nonvoting securities, which pay dividends 
on Pechiney's corporate profit. 

Germany, Federal Republic of.—Ver- 
einigte Aluminium Werke AG (VAW) be- 
gan construction of a foil rolling plant at 
Grevenbroich. The plant will consist of four 
fully automated computer-controlled foil 
mills with rolling speeds of 2,000 meters per 
minute and a foil width of 2,000 millime- 
ters. The improved technology for the foil 
mills reportedly would increase productivi- 
ty about 5096 in comparison with world foil 
mill standards. 


Ghana. Volta Aluminium Co. (VALCO) 
restarted two of its five 40,000-ton-per-year 
potlines at the Tema smelter. The smelter, 
90% owned by Kaiser and 10% by Reynolds, 
was shut down in 1983 owing to low water 
at the Akosombo Dam, which led to a 
curtailment of hydroelectric power. In 1985, 
VALCO and the Government of Ghana 
signed an agreement, after 2 years of nego- 
tiation, that increased the price VALCO 
would pay for power and restricted the 
amount of firm power provided annually to 
the smelter. Under abnormal conditions, 
power may be further curtailed in favor of 
Ghanian essential domestic requirements. 

Iceland.—Icelandic Aluminium Co. Ltd. 
(ISAL), a subsidiary of Alusuisse, Switzer- 
land, was considering plans to increase 
capacity at its 86,000-ton-per-year Straum- 
svik smelter to 130,000 tons. The China 
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National Nonferrous Industries Corp. 
discussed a 10% participation in the expan- 
sion with Alusuisse and the Icelandic Gov- 
ernment. 

India.—The new aluminum complex own- 
ed by National Aluminium Co. Ltd. (NAL- 
CO), a Government-owned company in Tol- 
cher, Orissa, was expected to be commis- 
sioned in September 1986 with the startup 
of one of two 109,000-ton-per-year potlines. 
Reportedly, Hindustan Aluminium Co. Ltd., 
jointly owned by Kaiser and private inter- 
ests, implemented a program to increase 
the annual capacity of the Renukoot, Uttar 
Pradesh, smelter from 120,000 to 150,000 
tons per year. 

Italy.—The Italian state-owned Ente 
Participazione Finanziamento Industria 
Manifattura (EFIM) postponed the closing 
of the 35,000-ton-per-year Bolzano smelter. 
New plans announced the closing of the 
30,000-ton-per-year Porto Marghera smelter 
between 1987 and 1989. 

Jepan.—The Ministry of International 
Trade and Industry (MITI) agreed to reduce 
tariffs on aluminum plate, sheet, and strip 
from 11.5% ad valorem to 9.2% early in 
1986, and further reduce the 9.3% tariff on 
these mill products to 3% and the 9% tariff 
on aluminum ingot to 1% effective January 
1, 1988, with intermediate reductions April 
1, 1987. 

Showa Light Metal Co. Ltd., jointly owned 
by Showa Denko K.K. (50%) and Comalco of 
Australia (50%), announced the closing of 
its 59,000-ton-per-year Chiba smelter effec- 
tive in May 1986. 

Furukawa Electric Co. Ltd. purchased 
Alcoa's 1396 share of the Furukawa Alu- 
minium Co. Ltd., and aluminum semimanu- 
facturing company. The purchase termi- 
nated Alcoa's minority joint interest in the 
manufacturing company from Alcoa's 33% 
interest 5 years ago, and increased Furuka- 
wa Electric's interest to 94%. The remain- 
ing shares of the Japan-based company are 
owned by the trading house C. Itoh & Co. 
Ltd. 

Korea, North.—Reportedly, North Korea 
will operate an aluminum smelter at Pyong 
Kouk. Construction apparently started in 
1984 with economic and technological as- 
sistance obtained from the U.S.S.R. A com- 
pletion date was not available. 

Korea, Republic of.—Pechiney, France, 
reportedly discussed sale of its 50% equity 
in Aluminium of Korea Ltd. (Koralu) to its 
partner Hyundai Industries, which would 
give Hyundai complete ownership. Koralu 


MINERALS YEARBOOK, 1985 


operates a 20,000-ton-per-year smelter at 
Ulson. 

Mando Machinery Corp, Anyong, the 
Republic of Korea, and Ford Motor Co., 
Detroit, MI, reached an agreement to form 
a joint venture company to produce about 
450,000 metal aluminum radiators for 
South Korean automakers. Mando was the 
leading manufacturer of automotive parts 
in the Republic of Korea. 

Mexico.—Alcan Aluminium sold its 49% 
interest in Alcan Mexicana S.A. de C.V. to 
Aluminio S.A. de C.V., in which Alcoa holds 
a 44% interest. Alcan Mexicana was a 
holding company with three operating sub- 
sidiaries involved in aluminum semifabrica- 
tion, building products and truck bodies, 
and marketing and fabrication. 

Netherlands.—Hunter Douglas Ltd. Eu- 
rope began installing an integrated cold 
mill strip annealing facility for heat-treated 
aluminum alloys in its Rotterdam plant. 
The new installation was not expected to 
increase the annual capacity but should 
modernize the plant and increase efficiency. 
The plant modernization would be complet- 
ed by mid-1986. 

New Zealand.—Comalco and the New 
Zealand Government reached an agreement 
for a new electric-power-pricing formula, 
based on the Pechiney Independent Price, 
to calculate power charges at the 244,000- 
ton-per-year Tiwai Point aluminum smelt- 
er. The new formula replaced Comalco's use 
of the Alcan World Price, which was discon- 
tinued in 1984. The future of the Tiwai 
Point smelter was in doubt after the Gov- 
ernment increased electricity prices to the 
smelter by 25% on April 1. The smelter is 
jointly owned by Comalco (60%), Sumitomo 
Aluminium (20%), and Showa Light Metal 
(20%). Late in the year, the smelter was 
operating at about 12,000 tons below annual 
capacity owing to a pot attrition policy. 

Norway.—Ardal og Sunndal Verk A/S 
(ASV Group), owned by the Government of 
Norway, planned to increase annual capaci- 
ty at the Ardal plant from 187,000 to about 
230.000 tons through modernization pro- 
grams. Modernization of an old 22,000-ton- 
per-year potline, shut down in May, should 
increase the line to 44,000 tons per year. 
Improvements in the remaining sections of 
the plant were expected to raise the annual 
capacity to 220,000 tons. Using the compa- 
ny's own technology, modernization began 
on five pots with completion expected by 
late 1985. 

Annual capacity of the Sór-Norge Alu- 
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minium A/S (Soral) 66,000-ton Huenes 
smelter was to be increased to 100,000 tons. 
The Huenes plant is owned by Alusuisse 
(75%) and Norsk Hydro (25%); however, 
following the expansion, Alusuisse’s share 
would be reduced to 50%. The project 
should be completed about 2 years after 
necessary approvals are received. 

Norsk Hydro’s Karmóy Fobriskker an- 
nounced plans to expand the Karmoy Island 
smelter from 160,000 to 210,000 tons per 
year by 1987. Technology developed by 
Pechiney would be used, and work was 
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scheduled to begin in mid-1985. The smelter 
is owned by Norsk Hydro (49%) and the 
Government of Norway (51%). 

Discussions between ASV Group and 
Norsk Hydro on a merger of the two organi- 
zations were continued throughout the 
year. By yearend, no agreement was reach- 
ed owing to major differences on the type of 
joint venture organization. Merger of these 
two organizations could give the new com- 
pany a total annual capacity of over 600,000 
tons after expansions. 


Table 14.—Aluminum, primary: World production,' by country 


(Thousand metric tons) 


Country 1981 1982 1983 1984P 1985* 

ATHeDUHB e o vec ... 134 138 133 134 136 
Australli&e EES 319 381 478 758 2851 
/ Ä ddddddõdõßfͤ ĩð2Z E IL LI LEE 794 94 94 95 294 
FC ⁰˙àm Add ͥ ͥ⁰ͥ ⁵¼ ... ĩð 3 8 7130 171 172 177 177 
))! ³Ü¹W»˙mA. n i A ³ðHKv = eS E 256 299 401 455 540 
PffſGhVſPfͤ ³oW1 EE 165 179 77 73 75 
Canada roon cu a S we a 88 1,116 1,065 1,091 1,227 21,282 
Er EEN 350 380 400 400 410 
ese a Es utem e amus 33 34 36 32 32 
Ypbo uev E dee xac 134 141 140 166 175 
1 •˙AàGſdſéſ i OR p E 436 390 361 342 2293 
German Democratic Republic... 60 58 57 58 58 
Germany, Federal Republic of... 729 723 143 777 745 
Għana mec ³oÜwm¹-ͥi. EE EC EEN 190 174 42 xl 48 
)))) EE eL eT Em 1 146 T*135 136 136 2123 
Hungary ³oW . ys md 8 74 74 74 74 274 
1 u ³ A ³ m ĩ³ĩ ee ad are 174 175 76 80 14 
! uel aide e e Ee ß Ebr 213 217 204 269 268 
Indonesia? au ð ⁵ ⁵ ⁰ oM atten ye E 133 115 199 213 
jj ³A¹¹- A ³ A ⁰⁰ Gta M. WE 45 39 42 42 
1; ³Üü EE 274 233 196 230 2245 
dapaür* ÄQÄ F o a es ³⁰¹/ſ AAA e Loy Ee 771 351 256 287 227 
Korea ehh. 8 10 10 10 10 10 
Korea, Republic o 18 15 13 18 18 
Mexico” ocn x in XUI EE m UA 43 41 40 44 43 
Nehren VP — 262 251 235 249 253 
New Zealand —᷑——Z—T 8 154 7163 219 243 240 
Norway 22- -=-= aaan 634 T638 715 761 2724 
Poland? m PV ro EE y een 66 43 44 46 247 
Romania” ͤͤĩ5„é4ſdddddddddſ ⁰m y en ate 0, 1242 208 223 215 220 
South Africa, Republic oů f 184 "106 161 167 168 
te uote LAM E re a e E 397 361 358 381 2370 
Suriname? ol hl oe s crt 0 ⁊ĩ K ⁊ĩðͤ K ͤ K ag oe 41 143 34 r €23 23 
Sweden ccs ß ß 83 79 82 83 284 
Seil. ³ð³ ⁵ ⁵ ↄ y —fd 82 75 76 79 273 
1!õĩõĩbßñ?v& ͤ́ ſ . ĩðͤ- nen ea 31 10 "e Sen Se 
Türkey EE E EE A0 T36 30 38 38 
USSR ² n. met y k 88 1.800 1.875 2.000 2,100 2,200 
United Arab Emirates: Dubiͥeͥ-ke-ke e Lee 106 149 151 155 155 
United Kingdom nme ccc RUE 339 241 252 288 3275 
United States... oss Eu he ³ðä³/ y de EM 4,489 8,274 3,353 4,099 23,500 
Nenn EE, 314 274 335 386 396 
Yugoslavia? J)). DRESSER el mn ð UU EAE PN 173 T220 258 268 270 
/ AA hee S 715,079 713,408 13,910 15.664 15,289 

Estimated. Preliminary. Revised. 


The Bureau of Mines deſines primary aluminum as The weight of liquid aluminum as tapped from pots, excludin 
the Fehi of any alloying materials as well as that of any metal produced from either returned scrap or remel 


* 


materials.” International re 
defimition and others using different definitions. 


rting practices Wi from country to country, some nations conforming to the foregoing 
or those countries for which a different definition is given specifically 


in the source publication, that definition is provided in this table by footnote. Table includes data available through June 


,l8* 
Reported figure. 
Primary ingot. 


*Excludes high-purity aluminum containing 99.995% or more as follows, in metric tons: 1981—6,222; 1982—4,345; 


1953— 2,679; 1984—4,35*; and 1985— 4,783. 


Primary unalloyed metal plus primary alloyed metal, thus including weight of alloying material. 


*Primary unalloyed ingot plus secondary unalloyed ingot. 


Data represent exports of ingot aluminum, presumably all primary. 


130 


Spain.—Empresa Nacional del Aluminio 
S.A. (ENDASA) and Alüminio de Galicia 
S.A. (ALUGASA) were merged into one new 
company known as ENDASA. The new 
company will be owned by the Spanish state 
holding company Instituto Nacional de In- 
dustria (INI) (72%), Alcan (23%), and Span- 
ish banks (5%). Pechiney sold its 37% inter- 
est in ALUGASA to INI in April, and Alcan 
had a 36% interest in ENDASA prior to the 
merger. Following the merger, the shut- 
down of the 25,000-ton-per-year Valladolid 
smelter was begun, and one-half of the 
20,000-ton-per-year ‘‘Series I” installation at 
the 100,000-ton-per-year Avilés smelter was 
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closed, with the remaining one-half schedul- 
ed for closure in 1985. The closure would 
leave the new Spanish company with about 
338,000 tons of annual aluminum capacity. 

Sweden.—Grünges Aluminium AB began 
operation of a new 20,000-ton-per-year UBC 
scrap remelting and rolling plant at 
Finspang to produce can body stock. The 
plant had an annual capacity to produce up 
to 15,000 tons of can stock and was built to 
achieve Sweden's goal of a 75% aluminum 
can recycling rate. Material from the plant 
would be mainly for Sweden's domestic 
consumption. 


Table 15.—Aluminum: World capacity, by continent and country! 


(Thousand metric tons) 
Continent and country 1983 1984 1985 
North America: 
õ§;1laa ½ĩ ⅛ 1,284 1,284 1,847 
// ³¹Ü¾ͥ ſ mu et cn mt 88 45 45 45 
United State eo ee 4,996 4,896 4,706 
South America: 
PROC Gt td ũ ͤ⁰ůi rr AA M E ont 140 140 146 
•ööÜõöõ SNR, OTE ee ³ð2Aſſdſ/% ⁵ðſſĩ A 419 519 629 
Suriname ³ a ae clc x ie a ee ͤ rs ³¹A A ee eee 60 60 60 
VTT TEE 400 400 400 
rope: 
, ß . D m Med Ee i 92 92 92 
Czechoslovakia... ____-_____________ 60 60 60 
France- 2 ͥ%5»Ü⁰ͤä ⁰ůt ⁰ ³wm. :::: y 878 333 838 
German Democratic Republic. 2- -a= 85 85 85 
Germany, Federal Republic of... 772 777 777 
Greece — ³AAſͥſ .f. ⁵ ⅛x—; . cas ĩͤ eee ee 145 145 14 
l/h ² eee AA ee A ee du 76 76 76 
ß ß ñßù— an M e ee 86 86 86 
kü Eege 216 216 216 
Netherlands Lo ea oo nu ͥͥ eeu au S Arun eM rr c 266 266 266 
CCC e LLL Liu ccc cU Ee Rev Rees ee eee! 7770 7770 770 
P ana ASꝓ / rl UM near siia ee, 8 55 110 110 
PVE ³⁰¹ AA ³·Ü¹˙ / AVT 250 250 250 
Spain scc ot uc roam ZZ (y 88 389 389 879 
Sweden lu nl H ſſſ0 ⁰⁰ͥ⁰ͥ⁰ EE Lie ger ĩð2i ee 82 82 82 
e p d 86 86 86 
SSR o ec re A E hey aeons 88 2,320 2,490 2,550 
United Kingdom. ~- Lou eta dh tn oe SE e 287 287 
KT EE EE 357 857 857 
Africa: 
, , ñ ß eren 80 80 80 
EE EE 166 166 170 
Ghani -cenana dd EE GT 200 200 
South Africa, Republic of. ..._.......--------------------- 172 172 172 
ia: 
Eet 170 170 170 
CG pM v ee !!!...... 8 1418 1413 418 
IT ae EE 863 863 863 
F os Ee ↄ /ͥ y eA en 150 225 225 
7 RH Mac iR MS 50 50 50 
OT Ee 712 712 425 
Korea; North- » ³·w au x e ¼v Ue hase ase 20 20 20 
Korea, Republic of. LLL LLL LLL „„ 18 18 18 
7; ͤ ͤ õͤͤͥ ͤ d hnc PES 50 50 50 
l ³˙ A] ͥ ·˙ LL ͤſ A 60 60 60 
United Arab Emirates: Dube 149 149 149 
Oceania: 
Australi uo ek Se Be d dt re EE 594 812 862 
New Zealand 2.2.2.0 2 oe ee ect ad es esc 244 244 244 
Qo WER 717,131 718,215 18,071 
TRevised. 


Detailed information on the individual aluminum reduction plants is available in a 2-part report that can 


purchased from Chief, Division of Finance, Bureau of Mines, Bldg. 20, Federa! Center, 


be 
Denver, CO 5 


Primary Aluminum Plants, Worldwide” details location, ownership, and production capacity for 1983-90 and sources 
energy and aluminum raw materials for foreign and domestic primary aluminum plants, including those in centrally 
planned economy countries. Part 2 summarizes production capacities for 1983-90 by amelter and country. 
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Switzerland.—Allegedly, an environmen- 
talist group took responsibility for a bomb 
attack on the Usine d’Aluminium Martigny 
S.A. 10,000-ton-per-year smelter at Martig- 
ny. The plant was expected to be idled up to 
6 months after the March attack. The at- 
tack was aimed at a power facility to be 
constructed on the Rhone River. 

United Kingdom.—To increase casting 
capacity, British Alcan Aluminium Ltd. 
announced plans to build new casting facili- 
ties with associated furnaces at its 125,000- 
ton-per-year Lynemouth primary smelter. 
The company also started a program to 
convert Lynemouth’s smelting pots to auto- 
matic feeding of raw materials. The conver- 
sion was expected to take about 5 years. 

Alcan Enfield Alloys was expected to 
close one of its two United Kingdom-based 
secondary aluminum plants. The plant, the 
London Colney works, had an annual ca- 
pacity of 20,000 tons. Operations at the 
plant would be transferred to the secondary 
smelter at Bradford. 
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Venezuela.—Construction began at the 
Industria Venezolana de Aluminio C.A. 
(VENALUM), San Felix, Guayana, smelter 
to increase annual capacity by 30,000 tons 
to 310,000 tons. The smelter, owned 80% by 
the Government and 20% by six Japanese 
companies, would be modernized by improv- 
ing the efficiency of the existing potlines 
rather than by the addition of pots. 

Yugoslavia.—The Government company, 
Boris Kidric Tvornica Glirice Aluminja, 
announced plans to modernize and expand 
the 50,000-ton-per-year smelter at Kedrice- 
vo, Slovenio. The expansion to 70,000 tons 
per year was expected to be completed by 
1990. 

Zaire.—A consortium, led by Alusuisse, 
decided to postpone the Aluzaire aluminum 
project at Banana, Cabinda. Lack of prog- 
ress by the Zairian Government to establish 
infrastructure support for the 210,000-ton- 
per-year smelter was the major factor in the 
decision to abandon the project. 


TECHNOLOGY 


Development of Al-Li alloys continued 
during the year.* Both domestic and foreign 
aluminum producers began production of 
Al-Li alloys, and several of the producers 
announced plans to construct commercial 
production facilities. Evaluation of the al- 
loys in the form of extrusions, forgings, and 
sheets were being conducted by the major 
aerospace companies. The use of these al- 
loys could reduce the weight of a large 
commercial aircraft by as much as 15%, 
thus, increasing the payload and decreasing 
fuel consumption. 

Metal matrix composites (MMC), using 
aluminum combined with fibers, whisk- 
ers, or particles of oxides, carbides, and ni- 
trides, impart strengths up to 10 times the 
strength of aluminum and stiffness up to 
twice that of steel. Densities of most aero- 
space MMC were about one-third that of 
steel. MMC materials can be used in aero- 
space applications because of their large 
weight reductions of up to 50%. Fabrication 
of MMC to near final shapes reduces ma- 
chine wastes. The advantages and disad- 
vantages of MMC were discussed.* 

The effects of surface oxides on the me- 
chanical properties and microstructure of 
high-strength corrosion-resistant and high- 
temperature aluminum powder metallurgy 
(PM) alloys were investigated.” Oxide sur- 
face layers, when incompletely broken up or 
nonuniformly distributed during consolida- 


tion of the particles, detrimentally affect 
the mechanical properties of the metal. 
Breakup of the surface oxides depends on 
the dehydration and constitual changes 
that occur during degassing of the powder. 
An investigation on the effect of different 
fluoride additions on the vaporization of 
cryolite indicated that there is a relation- 
ship between the cationic radius of the 
fluoride added and the vapor pressure of the 
liquid cryolite.* Other parameters that in- 
fluence the total vapor pressure above the 
melts are the bath temperature, the acidity 
of the bath owing to aluminum fluoride 
(AIF) additions, and the amount of lithium 
fluoride (LiF) and aluminum oxide (Al: O,). 
The catalytic effect of fluorides on the Al,O; 
phase transformation, and the formation of 
the crust in aluminum cells was studied.* 
Commercial alumina was heat treated with 
additions of 2 weight percent of different 
fluorides and ranked according to the effect 
of the fluorides on the transformation tem- 
perature of the Al;O; phase. The coherence 
of the alumina-network crusts was explain- 


Several investigations were conducted on 
the electrolysis of aluminum chloride 
(AICI;) electrolyte for production of alumi- 
num. Using bench scale cells, the effects of 
AlCl, concentration, convection, electrode 
spacing, and current density on the cell 
voltage, current efficiencies, and power effi- 
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ciencies of the cell was investigated during 
the electrolysis of AICI; in lithium chloride- 
sodium chloride (LiCl-NaCl) fused salt elec- 
trolytes at 700° C employing graphite 
electrodes. Energy consumption was about 
4.03 kWeh per pound of metal compared 
with an average of 7.5 kWeh per pound in 
the Hall-Heroult cell. The kinetics of alu- 
minum deposition from NaCIl-AICl; melts 
in alumina crucibles was investigated at 
820° C by linear sweep voltometry and 
potential step amperometry." At a low 
AlCl, mole concentration (0.4 mole percent), 
the reduction of AlCl, on liquid aluminum 
was found to be diffusion controlled. At 
higher concentrations, passivation, appar- 
ently caused by precipitation of alumina 
from the supersaturated melt in the diffu- 
sion layer of the aluminum cathode, was 
observed during the deposition reaction. 

Titanium diboride (TiB;) material for use 
as electrodes in aluminum smelting cells 
continued to be investigated. Carbon pipes 
with a chemically vapor-deposited TiB, 
coating 700 micrometers thick were tested 
for corrosion and/or erosion resistance in a 
laboratory aluminum smelting cell for 100 
hours. Projected lifetime of the coating 
was only 30 days because of grain boundary 
attack with subsequent crystal pullout. As 
part of an inert electrode material study, 
the electrical resistivity of monocrystalline 
and polycrystalline TiB; was measured un- 
der an inert atmosphere by a four-point 
alternating current impedance technique 
over the range from 298° K to 1,373° K.» 
Values for 69%-dense and 99%-dense po- 
lycrystalline and for monocrystalline TiB, 
were determined. 

Over a dozen papers on the processing, 
recovery, and recycling of scrap aluminum 
were published.'* Several papers addressed 
the melting of low-density scrap, such as foil 
and beverage cans and can sheet scrap. 
Other papers addressed the recycling of 
UBC scrap and the design of recycling 
facilities. A plenary lecture presented an 
overview of the Bureau of Mines research 
on the recycling of minerals and metals. 

Studies by the Bureau of Mines on the 
development of new methods of purifying 
metal by fractionating multicomponent 
molten metal scrap by filtration were 
described.'* One method was the separation 
of liquid and crystalline phases formed by 
addition of a component to produce a solid 
phase. Data for the purification of alumi- 
num by the addition of titanium and boron 
to form TiB, were given. The chemistry and 
properties of salts used as fluxes for recy- 
cling aluminum were investigated. Most of 
the salts fall within the six component 
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system, sodium chloride-potassium chloride- 
aluminum chloride-sodium fluoride-potas- 
sium fluoride-aluminum fluoride (NaCIl- 
KCI-AICl-NaF-KF-AIF, with NaCl-KCl, 
KCI-AIF;, and NaCI-AIF; as the stable bina- 
ry systems. Twelve subsolidus compatabil- 
ity tetrahedra were determined by X-ray 
analysis. The technique for separating cast 
aluminum alloys from wrought alloys ex- 
ploiting the difference in mechanical prop- 
erties of the two types of alloys at elevat- 
ed temperature was described.'* Between 
520* C and 580* C, casting alloys become 
brittle and can be fragmentized and sepa- 
rated from wrought alloys. Above 600* C, 
the wrought alloys also become brittle and 
efficiency of separation decreases. Separa- 
tion is almost 100% when in the solidus 
temperature range of the casting alloys. 


1 All quantities in this chapter are given in metric tons 
unless otherwise indicated. 

*Physical scientist, Division of Nonferrous Metals. 
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mental Impact Statement (EIS). E/EIS-0123F, Apr. 
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Antimony 


By Patricia A. Plunkert! 


The production of primary antimony 
products decreased slightly compared with 
that of 1984 as a result of a general soft- 
ening of demand in the antimony market. 
Imports for consumption were also down 
from those of 1984. In September, the Gen- 
eral Services Administration (GSA) com- 
pleted the sale of excess antimony metal 
from the National Defense Stockpile (NDS). 

Domestic Data Coverage.—Domestic pro- 


duction data for antimony are developed by 
the Bureau of Mines from two voluntary 
surveys of U.S. operations. Typical of these 
surveys is the “Primary Antimony” survey. 
Of the 10 operations to which a survey 
request was sent, all responded, represent- 
ing 100% of the primary smelter production 
shown in table 1 and 100% of the total 
antimony content of primary antimony pro- 
duction by class shown in table 3. 


Table 1.—Salient antimony statistics 
(Short tons of antimony content unless otherwise specified) 


Primary: 


Mine (recoverable antimony). )))) 
Sele 8 


Secondary 


Stocks: Primary antimony, all classes, . 


Price: Average, cents per pound) 
World: Mine productions 


"Estimated. Preliminary. 


Exports of metal, alloys, waste and cra 

Exports of antimony ox idle 

Imports for consumption -------------------—- 

Reported industrial consumption, pana entimeny? P 
1 


1981 1982 1983 1984 1985 
Sensa 646 503 838 557 W 
E 17,844 12.282 14.557 "17,639 16,449 
POR 19,856 16,596 14,204 14.823 13,572 
Mere t 324 830 304 911 362 
Se es 315 277 365 480 885 
ÉL 17.970 13.387 12.885 23.089 20.694 
N 11.592 9.414 10418 12.465 11.701 
TE 9,158 5,973 3,935 16,895 6.033 
RO 135.5 107.2 91.3 151.2 131.1 
163,510 — "61,131 55,880 60,396 60.621 


"Revised. W Withheld to avoid disclosing company proprietary data. 


Includes primary antimony content of antimonial lead produced at primary lead refineries. 
New York dealer price for 99.5% to 99.6% metal, c. i. f. U.S. ports. 


Legislation and Government Pro- 
grams.—On September 20, the Environ- 
mental Protection Agency issued final regu- 
lations under the Clean Water Act for 
nonferrous metals manufacturing oper- 
ations that limit the discharge of pollutants 
into navigable waters and into publicly 
owned treatment works. The primary anti- 
mony subcategory, 1 of 25 subcategories 
covered by this regulation, set limits on 
effluent discharges from both new and ex- 
isting primary antimony plants that gener- 
ate process wastewaters. Daily and monthly 
average maximums on the antimony, arse- 
nic, and mercury content of effluents ema- 
nating from these plants were specified. 


The compliance date for existing plants was 
September 20, 1988. 

The Comprehensive Environmental Re- 
sponse, Compensation, and Liability Act of 
1980 (Public Law 96-510), commonly known 
as the Superfund, expired on September 30, 
1985. At yearend, various reauthorization 
bills, such as S-51 passed by the Senate on 
September 26 and HR-2817 passed by the 
House of Representatives on December 10, 
were under consideration by the Congress. 

On September 18, GSA completed its 
latest sale of excess antimony metal from 
the NDS. Of the 1,000 short tons of metal 
authorized for disposal by Public Law 98- 
525 during fiscal year 1985, a total of 997 
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tons was sold. The total sale of excess 
antimony metal during calendar year 1985 
was 928 tons. Any future sales of antimony 
from the stockpile will require additional 
legislative authority. GSA reported that 
yearend Government stocks of antimony 
metal in the NDS totaled 37,843 tons of 
stockpile-grade material. The stockpile goal 
remained at 36,000 tons. 

On July 8, the White House announced 
that the President had approved the Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the NDS would be structured into 
two tiers. Tier I would contain materials 
required by military, industrial, and essen- 
tial civilian users during a military conflict 
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that would not be available from domestic 
or reliable foreign sources. Tier II would 
contain a supplemental reserve of materials 
already possessed by the Government. Anti- 
mony was included in tier I of this proposal 
with a gcal of 4,585 tons. At yearend, this 
proposal was under consideration by the 
Congress. The Department of Defense Au- 
thorization Act, 1986 (Public Law 99-145), 
signed by the President on November 8, 
stated that no action may be taken before 
October 1, 1986, to implement or administer 
any change in a stockpile goal in effect on 
October 1, 1984, that results in a reduction 
in the quality or quantity of any strategic 
and critical material to be acquired for the 
NDS. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Sunshine Mining Co. produced antimony 
as a byproduct of the treatment of tetra- 
hedrite, a complex silver-copper-antimony 
sulfide, one of the principal ore minerals in 
the Kellogg, ID, area. United States Anti- 


mony Corp.’s (USAC) antimony mining op- 
eration at Thompson Falls, MT, was closed 
during 1985. 

Antimony was also produced by ASARCO 
Incorporated as a byproduct of the smelting 
of some domestic lead ores. 


Table 2.—Antimony mine production and 
shipments in the United States 


(Short tons of recoverable antimony) 


Year 


Produced Shipped 

t te 646 590 
xS 503 365 
donis 838 878 
LEE 557 111 
W W 


Th Withheld to avoid disclosing company proprietary 
ta. 


SMELTER PRODUCTION 


Primary.—Production of primary antimo- 
ny products decreased compared with that 
of 1984 owing to a decrease in demand. 

Amspec Chemical Corp. announced that 
it planned to add a second antimony fur- 
nace to its plant in Gloucester City, NJ. The 
new furnace reportedly would enable the 
company to produce antimony trioxide from 
a greater variety of raw materials including 
ores, crude oxide, and metal. Installation 
was scheduled to be completed by May 1986. 

Anzon America Inc. announced that it 
was upgrading its antimony facilities in 
Laredo, TX, in order to make the plant 
more flexible. The planned addition of a 
new blast furnace reportedly would in- 


crease plant capacity and enable the compa- 
ny to use a wider range of feed materials. In 
addition to improving its production facili- 
ties, the company also announced that it 
was moving downstream into consumption 
with the acquisition of a New Jersey plas- 
tics firm, Monmouth Plastics Inc., which 
produced flame retardant materials, the 
major use for antimony trioxide. 

The other producers of primary antimony 
products were: Asarco, Omaha, NE, and El 
Paso, TX; Chemet Co., Moscow, TN; Laurel 
Industries Inc., La Porte, TX; McGean 
Chemical Co. Inc., Cleveland, OH; M & T 
Chemicals Inc., Baltimore, MD; Sunshine 
Mining, Kellogg, ID; and USAC, Thompson 
Falls, MT. 
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Table 3.—Primary antimony produced in the United States 


(Short tons of antimony content) 
Class of material produced 
Y Byproduct Total 
= Metal Oxide Residues ^ antimonial 
111 ³ĩ5· 7] ů p 7ĩ ! ·¹ ee v 790 16.425 83 546 17,844 
1 8 539 11,564 179 w 12,282 
LEES 1,121 18,153 283 W 14,557 
a NOE 1,118 716,379 147 wW 717,639 
1985 ARRIERE NEP 943 15,398 108 W 16,449 


"Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” 


Secondary.—Old scrap, predominantly 
lead battery plates, was the source of most 
of the secondary output. New scrap, mostly 
in the form of drosses and residues from 


various sources, supplied the remainder. 
The antimony content of scrap was usually 
recovered and consumed as antimonial lead. 


Table 4.—Secondary antimony ny produced in the United States, by kind of scrap 
form of recovery 


(Short tons of antimony content unless otherwise specified) 


1984" 1985 
KIND OF SCRAP 
New scrap: Lead- and tin-base _ _ __........----.------------------------ 1,326 1,184 
Old scrap: Lead- and tin base —ꝑꝛ ꝛ F 13.497 12.388 
77ͥ ĩ⁵ĩ²¹bUd ti. ³o¹ Aq 5 ⁰mmn ⅛ dz d y 14.823 13.572 
FORM OF RECOVERY 
In antimonial leed _- _-_- ee 13,862 12,456 
In other Leed. and tin-base alloys `... 961 1,116 
—————— ͤ /d a a ͤ d y y E 14.823 13.572 
Value wills ˖ł RA eee Se eee $44.8 $35.6 
"Revised. 
CONSUMPTION AND USES 


Reported domestic consumption of prima- 
ry antimony decreased compared with that 
of 1984 but remained slightly above the 
average 11,000 tons per year of material 
consumed during the previous 5-year peri- 
od. Antimony compounds were used in plas- 
tics both as stabilizers and as flame retard- 
ants. Antimony stabilizers were used to 
retard heat and light degradation in plas- 
tics such as polyvinyl chloride. Antimony 
trioxide in an organic solvent was used to 
make fabrics, plastics, and other combusti- 
bles flame retardant. Antimony was also 
used as a decolorizing and refining agent in 
some types of glass such as special optical 


glass. 

Antimony metal alloyed with lead was 
used in lead-acid storage batteries, industri- 
al chemical pumps and pipes, tank linings, 
roofing sheets, and cable sheaths. In these 
alloys, antimony increases strength and 
inhibits chemical corrosion. In 1985, the 
Battery Council International reported that 
the total domestic shipments of replace- 
ment and original equipment automotive 
batteries in the United States were about 
the same as those of 1984. However, there 
were about 360,000 less units exported in 
1985. 
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Table 5.—Reported industrial consumption of primary antimony in the United States 


(Short tons of antimony content) 
Class of material consumed 
Ye Total 
d Metal Oxide Sulfide Residues id desir 
jo TEE ey Se a e 1,546 9,885 82 83 546 11.592 
1ôͤĩ²³ĩ¹i¹n.. y y Cote E 1.282 17,924 29 179 W 9,414 
1983 dee ðᷣ dd 0 . 8 1.245 8.867 23 283 W 10,418 
1984 o c uec E ice 8 11,548 10,747 28 147 W 12.465 
jo M x 8 1,507 10, 83 108 W 11.701 


"Revised. W Withheld to avoid disclosing company proprietary data: not included in Total.“ 


Table 6.—Reported industrial cn of pma antimony in the United States, 


by product 
(Short tons of antimony content) 
Product 1981 1982 1983 1984 1985 
Metal products: 
Ammunition. ee tegen 409 294 175 W 410 
Antimonial leed... LLL ee 1,257 845 568 
Bearing metal and bearings... - - - - -------------- 206 143 143 "182 179 
Cain ò T 8 11 5 s A A 
Collapsible tubes and fen 22 9 1 W W W 
Shest and ppe - - - ~- - - -=-= -=-= -~ 2l LL 2222 36 26 43 80 W 
EE 105 124 154 7232 838 
LH wegen EE 19 11 10 31 81 
M MO ENTONCES RECORDAR 69 61 71 837 106 
Total o p De eB Coe eee 2,145 1,498 1562 "1718 1,642 
Nonmetal ucts: 
Ammunition primorrerttrtrtrtrn 20 16 21 
Ceramics and glass „„ Ke: Ka? 1,252 1,292 1,187 
z 341 330 198 178 147 
Em x 1,551 1,060 993 1,108 998 
Rubber products `... 232 221 10 1 25 
;; Ee 111 108 119 "161 141 
Total- US ——————————ÓMÓ— 8,046 8,088 2.652 2.788 2.529 
Flame-retardant: 
32%) ⁵ðↄðDÜͥͥ⁵ 8 585 179 184 343 810 
Le TEE vy ME 131 108 133 159 111 
La e 40 25 14 8 8 
Plastid- ee ee oe ee LE 4,509 8,312 4,441 5 
Eeer eh 8 174 104 220 342 315 
TOROS = pd eet 962 1,110 1,212 1,249 1,257 
Totál .—— — hon EE 6,401 4,833 6,204 1,959 1,530 
Grand total__-- e 11,592 9414 10,418 "12,465 11.701 


"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Table 7.—Industry stocks of primary antimony in the United States, December 31 


(Short tons of antimony content) 

Stocks 1981 1982 1983 1984 1985 
Antimonial leude 117 W W W W 
TT / yy ses Sree 916 556 805 1582 800 
Ore and concentrate _ _ - -- ----------=-------------—— 529 532 446 1,304 1,164 
J)) ³ ↄ :P“ . 8 4.707 4.711 2.614 4,926 8,954 
Residues and slags zz „ 51 6 99 
J ðↄð d dd ES 25 24 19 14 16 
J eurn E demde ee ee 9,158 5,973 3.935 "6,895 6,033 


"Revised. W Withheld to avoid disclosing company y dicet hy data; not included in Total.“ 
!Inventories from primary sources at primary lead 
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The New York dealer price for imported 
antimony metal was $1.35 to $1.40 per 
pound at the beginning of the year. The 
price fluctuated throughout the year and 
reached a high of $1.42 to $1.47 per pound at 
the end of March. At yearend, the dealer 
price was listed at $1.28 to $1.32 per pound. 

Asarco’s published price for high-tint an- 
timony trioxide in lots of 40,000 pounds was 
$1.65 per pound at the beginning of the 
year. The price was reduced several times 


throughout the year. At yearend, the quota- 
tions were as follows: clean sulfide concen- 
trates, 60% antimony content, $20.50 to 
$24.00 per metric ton unit (equivalent to 
$18.60 to $21.75 per short ton unit), and 
lump sulfide ore, 60% antimony content, 
$23.00 to $26.00 per metric ton unit (equiva- 
lent to $20.85 to $23.60 per short ton unit). 


Table 8.—Antimony price ranges in 1985, 


during the year and reached a low of $1.45 by type 

per pound in September. Asarco’s published 

price remained at this level through year- Type Price per 
end. Other domestic producers also adjusted T 
their prices during the year to remain Domestic metal 00 
competitive with generally lower priced im- Audion trioxide? ze 41.48 168 


ported material. 

Metal Bulletin (London) published Euro- 
pean price quotations for antimony ore and 
concentrates. Both prices decreased steadily 


Based on antimony in alloy. 

*Duty-paid delivery, New York. 

*Producer price, published by ASARCO Incorporated, 
for high-tint antimony trioxide. 


FOREIGN TRADE 


Exports of antimony oxide increased sig- 
nificantly and reached their highest level 
since 1967, the year the Bureau of Mines 
began reporting this data. In addition to 
exports of antimony oxide, the United 
States also exported 1,582 tons (gross 
weight) of other antimony compounds with 
a value of $4.7 million. Approximately 45% 
of these compounds was shipped to the 
Federal Republic of Germany, and the bal- 
ance was divided among 26 other countries. 

Total imports of antimony materials 


decreased compared with those of 1984, led 
by a 40% decrease in imports of antimony 
oxide. China remained the principal source 
of imported material and increased its 
share of total U.S. antimony imports from 
34% in 1984 to approximately 40% in 1985. 
In 1985, a few source countries for anti- 
mony metal and oxide were eligible for 
special duty-free status under the General- 
ized System of Preferences, namely, Bolivia, 
Brazil, Hong Kong, Mexico, and Peru.* 


Table 9.—U.S. exports of antimony metal, alloys, waste and scrap, by country 


1984 1985 
Country Gross Value Value 
weight weight 
(short tons) (thousands) (short tons) ( ) 
Australia & a Se ee eh 41 $129 pen 8 
Belgium ²˙ ³ ZZ E ES 99 $242 
/%%%%%%%Cöͤ ls nnna 20 33 2 10 
Dominican Republic L- 2- LLL LLL LLL 9 14 4 15 
Germany, Federal Republic oꝶ ._.____.._-----_-- 2 8 2 3 
H, CES 8 ie 2-2 59 223 
12 7 ³ĩVW x y A Nee oN 19 25 "UM m 
meu EE ] ⁰⁵ HIER 21 45 48 
[gend Republic oi 19 15 2% d 
EENEG 24 67 41 103 
Netherlands „ 60 168 11 80 
ME. n lue dii LL Bs ð a Se E D e aide ae 28 41 
%%% , ²· PME ñ my K ĩð 223 127 aes Ge 
RE e WEE EE 5 11 us ST 
United Kingdom `... 5 19 1 16 
Venezuela _______________ Le 28 150 1 2 
OC HORE ⁵ 36 111 46 97 
Total as oso as Ld ↄ ⁵ ↄ Ben es et ee §11 915 362 876 


Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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Table 10.—U.S. exports of antimony oxide, by country 


1984 1985 
Gross 
Coun À Antimon Value Gross Antimon Value 
"y weight N (thou- weight contenti. (thou- 
tons) (short tons) sands) (short tons) (short tons) sands) 
Australia 80 66 $848 4 8 $15 
Germany, Federal Republicut - <= E 47 123 123 12 2980 
CCF BLUE 18 15 16 2 2 4 
Italy... 35 83 69 816 139 115 638 
8 3 2 112 27 76 9 
orea, Republic t 
Mexico 28 28 92 59 49 87 
Netherlands 21 17 62 3 2 
UE. 55 " lis 908 256 e 
Venezuela _______________-_ 16 13 55 6 5 24 
Other, 14 12 40 19 16 67 
CA 578 480 1,698 1,067 885 2,876 
1Estimated by the Bureau of Mines. 
Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 11.—U.S. import duties for antimony 
TON TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Orð MENORES 601.08 Free Fre Free. 
Needle or liquated ~- --------- 608.10 0.1 cent per pound 0.1 cent per pound 0.25 - per 
pound. 
Metal, unwrought . 632.02 3 cent per pound. Fre 2 cents per pound. 
Antimony oxide 417.50 1 cent ber pound e Do. 
Table 12.—U.S. imports for consumption of antimony, by class and country 
1984 1985 
Coun Gross An Gross Antimon 
um t content W ight contenti ( Value 
(short tons) (short tons) (short tons) (short tons) 
Antimony ore and concentrate 
VIE. S eee amiet 1,923 1,258 $2,016 973 642 $1,849 
EE 18 11 756 421 
/ ²˙ A 819 188 279 429 276 
TEE 270 158 249 4,555 1,798 5,144 
Guatemal,a d i M 655 820 391 
Honduras _____________- 192 96 119 273 150 223 
ong Ronn gg 61 25 56 z n 25 
Mexico 3,976 970 1,288 4,000 2,055 1,948 
lac E A 84 160 um » 
ingapre ______________ m E 1,727 661 1,754 
South Africa, Republic of... - 1,075 5 1,079 d dem an 
aiwrwae n en 2 450 90 94 
lànd-.- AA 1,918 1,541 443 181 406 
United Kingdom ndnd ee es za 43 13 130 
e 9,891 4,299 6,798 14,381 6,638 12,881 
Antimony oxide: 
papia Lembong NEST 591 491 1,518 607 504 1,549 
Bolivia 1,206 1,001 1,981 685 569 1,825 
BBl oe 92 16 194 
Canada 101 84 10 19 16 65 
FCC 61 51 16 Ee Ex Ga 
China ----------------- 5,983 4,966 18,612 8,404 825 8,789 
France `... 1,721 1,428 4,615 1,436 1,191 5,184 
Germany, Federal Republic of 102 97 653 


See footnotes at end of table. 
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Table 12.—U.S. imports for consumption of antimony, by class and country —Continued 


1984 1985 
Country Gross Antimon Value Gross Antimon ny Value 
weight content weight content 
(short tons) (short tons) (thousands) (shorttons) (short tons) (thousands) 
Antimony oxide —Continued 

Hong Kong ` 174 144 $384 482 401 $1,281 
IL o mĩ⅜ t LIS ees 59 49 117 ust "m us 
JAPON soe EE 3 2 60 7 6 35 
Korea. Republic ohh s a ER 20 17 68 
Netherlands 20 17 42 Et NN PCS 
South ren, Republic off 7,463 6,194 2,207 3,534 2,933 d 25 
77 20 17 36 Ge M ne 
CCC 44 » em 
United Kingdom `... —— 315 261 1,020 206 171 161 

Total o. uc 17,884 14,844 26,348 10,620 8,815 20,765 

Antimony sulfide:* 

Austria 2 1 15 eae PET TS 
Belgium Luxembourg 11 7 30 10 1 Is 
CHR. or eee 37 26 41 126 84 187 
Germany, Federal Republic of 2 1 20 1 1 10 
Ivory Coat. S es Ke 24 16 26 
Sapa NORTON el E SE (3) (3) 1 
South Africa, Republic o — 20 13 45 zo ud ae 

cr 72 48 157 167 112 256 


lAntimony ore and concentrate content reported by Bureau of the Census. Antimony oxide and antimony sulfide 
content estimated by the Bureau of Mines. 

includes needle or liquated. 

Less than 1/2 unit. 


Source. Bureau of the Census. 


Table 13.—U.S. imports for consumption of antimony metal, by country 


1984 1985 
Country Gross Value Gross Value 
weight weight 
(short tons) (thousands) (short tons} (thousands) 
Belgium-Luxembourg ggg 257 $282 1 $4 
1; es oe a) te Porte 357 952 rts sh 
J)) ³ ³·—Aſ S elo 5 235 1 175 
11 ³Ü¹wLwL uL X ke 79 198 a2 
8 )))) õͤͤͥͤ ]ðV P E EEN 2,641 6,208 3,398 8,617 
Po A tide a ce ie aah UON = E (b 4 
Germany, Federal Republic oa 1 64 (1) 30 
Hong on ng... ⅛ ð⁊ COS eee Ed 9 228 601 
Japan b ð]üO. y ᷣ ²⁵ĩ%5 ELA AE E IW 12 NM 6 
|o ol HM tet EE eee ee 467 365 1,247 1,006 
Eeer ro 8 33 42 101 205 
Ree See ele e SE 17 28 58 150 
1171 iy Sipe ete Ie Pot y e E LE I EE us Se 95 185 
USSR eu CT er one aa 19 34 de ye 
United Kingdom `... 22 17 a ove 
77 SS 3,898 8,037 5,129 10,983 


!Less than 1/2 unit. 
Source: Bureau of the Census. 
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WORLD REVIEW 


Canada.—In June, Durham Resources 
Inc. reported that production of antimony 
concentrates had resumed at its Lake 
George Mine in New Brunswick. At full 
capacity, the mill reportedly could process 
100,000 tons per year of ore averaging 
4.15% antimony. Shaft extension to the new 
ore zone at the mine was completed and 
development work on the ore body contin- 
ued. The new ore zone, underlying the 
original ore body that reportedly was de- 
pleted in 1981, was estimated to contain 
about 850,000 tons of ore. 

China.—Amspec announced that it had 
signed a letter of intent with numerous 
Chinese Government agencies to construct 
an antimony plant similar to Amspec’s 
facility in Gloucester City, NJ. Reportedly, 
the plant would be situated in Yiyan, Hu- 
nan, and have an annual capacity of 3,000 
to 5,000 tons of antimony oxide. Construc- 
tion was expected to start within a couple of 
years.* 

Guatemala.—Minas de Guatemala S.A. 


announced the reopening of its Annabella 
and Los Lirios antimony-tungsten mines 
after a 4-year shutdown. Production levels 
of 33 tons per day of antimony ore, grading 
3.5% antimony, were reported. The compa- 
ny expected production levels to increase to 
83 tons per day by yearend 1985. 

Japan.—Antimony trioxide production, 
mainly from imported material, was 9,087 
tons, a decrease of 15% compared with 1984 
production levels. Antimony metal produc- 
tion increased from 279 tons in 1984 to 326 
tons in 1985.* 

In October, Dowa Mining Co. Ltd. an- 
nounced the start of antimony trioxide 
production at its Kosaka smelter. The com- 
pany reportedly planned to increase its 
production levels from the initial 22 tons of 
antimony trioxide per month to 44 tons per 
month in January 1986. The company also 
announced plans to begin production of 
sodium antimonate from imported raw ma- 
terial in the near future.* 


Table 14.—Antimony: World mine production (content of ore unless otherwise specified), 


by country! 
(Short tons) 

Country 1981 1982 1983 1984P 1985* 
Australia 1.241 1.263 592 1.014 1.100 
F uuu k k——ꝛ— es ee 665 735 726 687 660 
Bolivia -con ee 16,866 15,408 10,969 10,231 9,500 
„ 168 SR Ge ca EE 
Burma ` ~- -------------------— €110 pr "— ane ENS 
Canada.. 1.840 E ste 610 1,205 
Chita’ lom oe ee Oe ee 11,000 13,200 16,500 16,500 16,500 
Czechoslovaiaaůaꝛgůayͤ⁴ãäm— „ 805 770 990 1.100 1.100 
Faäfeee eR. 344 340 122 Deg ii 
Guatemala 4563 550 a 100 220 
Honduras 22 sf FM 350 440 
lll cta e mee 767 374 5 269 4546 
Malaysia (Sarawap)))7)))ß .. 211 153 148 19 20 
Ä ³⅛»Wwà.. 8 1 7984 1.725 2.777 3.377 3.300 
Morocco ~- ie eee eee ees 565 998 500 1,071 1,100 
LTE 22 ($) (e 1 NS 
Peru (recover able) 755 814 786 741 720 
South Africa, Republic of (content of con- 

Centrales). acne ee wo d mS 10,814 710,070 76.947 8.201 8.150 
SFC ³¹wmꝛ 7⅛¼˙ẽv!u REPRE Oa 712 506 53 643 635 
ailand- us er ee au 1,322 734 1,315 2,172 2,250 
re eee ee ue 924 1,189 926 1,121 1,100 
US See ctu A ee yen te e 9,500 9,900 10,000 10,300 10,400 
United Stats? 646 503 838 557 W 
Yugoslavia `... 1,604 1,672 1,047 Fe) 050 1,400 
Zimbabwe ee 160 227 158 282 275 
e EE 63.510 161.131 55,880 60,396 60,621 
"Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 


Table includes data available through May 27, 1986. 


* Antimony content of antimony ore and concentrates, lead concentrates, and lead-zinc concentrates. 
Partly estimated on the basis of reported value of total production. 


*Reported figure. 


3 Antimony content of ores for export plus antimony content of antimonial lead and other smelter products produced. 


*Revised to zero. 


"Reported figure from Consolidated Murchison Ltd. 1983 Annual Report. 
*Production from antimony mines; excludes amount produced as a byproduct of domestic lead ores. 


ANTIMONY 


Mexico.—Anzon America Inc. and Cía. 
Minera y Refinadora Mexicana S.A. an- 
nounced plans to install a new concentrator 
for low-grade ore at their mine in Wadley, 
Mexico. Upon completion, production ca- 
pacity was expected to be increased by 1,100 
tons of concentrate per year. 

Thailand.—BP Minerals International 
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Ltd., Siam Cement Co., and the Government 
of Thailand announced the formation of a 
joint venture company, Associated Minerals 
Co. Ltd., to explore and eventually mine 
antimony deposits in the Bor Thong District 
of Chonburi Province. Exploration was ex- 
pected to commence by yearend.” 


TECHNOLOGY 


General Electric Co. announced the fabri- 
cation of indium-antimonide infrared sen- 
sor arrays, using an epitaxial process, that 
exhibited significantly improved sensitivity. 
The new type of sensors, which can be 
operated at reportedly higher temperatures 
than bulk-type indium-antimonide sensors, 
permit the use of passive cooling techniques 
in space applications. The sensors were 
fabricated at the company’s Electronics 
Laboratory in Syracuse, NY.* 

Fujitsu Ltd. of Japan announced the re- 
cent development of a new material for 
erasable optical disks. The material, which 
was coated with a thin film of selenium- 
indium-antimony alloy, was reportedly sta- 
ble in both the recording and erasing 
modes. À 20-centimeter diameter disk made 
of this material had a reported memory 
capacity of one gigabyte, about 600 times 


that of an &inch floppy disk. Fujitsu 
announced that it planned to commercialize 
the disk, together with a disk drive unit, 
within 2 to 3 years.’ 


physical scientist, Division of Nonferrous Metals. 

3Federal Register. U.S. Environmental Protection Agen- 
cy. Nonferrous Metals Manufacturing Point Source Cate- 
gory; Efluent Limitations Guidelines, Pretreatment 

tandards, and New Source Performance Standards. V. 50, 
No. 183, Sept. 20, 1985, pp. 38276-38402. 

ZU S. International Trade Commission. Tariff Schedules 
of the United States Annotated 1985, 3rd Supplement. 
USITC Publ. 1610, Sept. 1, 1985, varying pagination. 

*Metal Bulletin (London). Chinese Sign Antimony Plant 
Contract. No. 6979, Apr. 19, 1985, p. 15. 

5Japan Metal Journal. V. 16, No. 10, Mar. 24, 1986, p. 6. 

9 — ——. V. 15, No. 60, Dec. 16, 1985, p. 10. 

"Industrial Minerals (London). Antimony Joint-Venture 
Signed. No. 214, July 1985, pp. 13, 15. 

Aviation Week and Space Technology. V. 123, No. 9, 
Sept. 2, 1985, p. 91. 

Japan Chemical Week. Fujitsu Develops New Material 
or Erasable Optical Disc. V. 26, No. 1298, Feb. 14, 1985, 
p. 9. 


Bas Google 


Asbestos 


By Robert L. Virta: 


US. apparent consumption of asbestos 
declined in 1985. Shipments from domestic 
mines remained unchanged while imports 
for consumption decreased 32% from those 
of 1984. Adverse publicity on asbestos- 
related health risks and a proposed Envi- 
ronmental Protection Agency (EPA) ban of 
certain asbestos products contributed to the 
poor market conditions in the United 


States. 

Domestic Data Coverage.—Domestic pro- 
duction data for asbestos are developed by 
the Bureau of Mines by means of a volun- 
tary industry survey. Of the three can- 
vassed operations to which a survey request 
was made, all responded, representing 
100% of the total production data shown in 
table 1. 


Table 1.—Salient asbestos statistics 


United States: 
Production (seles): 
Quantity... - - -~ -- -- -- --- metric tona. — 
Value 2 
Exports and reexports (unmanufactured)— 
J ͤ thousands_ _ 
Exports and reexports of asbestos prod ES 
Imports for consumption (unmanufactured): 
PEE metric tona. — 
ONG thousands. . 
Bok te ee is Me metric tons. _ 
World: Production... 222-2222 -- do 
“Estimated. Preliminary. "Revised. 
°F o. b. mine. 
"Calculsted 


Legislation and Government Pro- 
grams.—On February 1, 1985, the EPA 
announced that occupational safety and 
consumer risks associated with asbestos 
would be referred to the Occupational Safe- 
ty and Health Administration (OSHA) and 
the Consumer Product Safety Commission 
under section 9 of the Toxic Substances 
Control Act (TSCA)* This action was re- 
viewed by the House Energy and Commerce 
Subcommittee on Oversight and Investiga- 
tions. As a result of the investigation, EPA 
halted the referral plan on March 8, 1985. 

The EPA proposed a temporary rule to 
limit asbestos exposures for State and local 


1981 1982 1983 1984 1985 
75,618 68,515 69,906 57.422 57.457 
$30,685 $24,917 $27,866 $24,238 $20,485 
64,419 58,771 54,634 89,919 45,656 
$21,508 $19,713 $19,683 $18,346 $16,489 
$145,130 $127,867 $129,582 $168,347 $193,765 
337,618 241,737 96,387 209,963 142,431 
$103,893 $64,925 35 956 554 149 $44,098 
848,800 246,500 217,000 226,000 162,000 
74,849,466 — 4.036.218 — 4,178,660 — 94,105,884 — 4.111.298 


as the total of U.S. beginning stocks plus production plus imports minus ending stocks and exporta. 


government employees who were not cover- 
ed by OSHA regulations or by State plans 
adopted under the Occupational Safety and 
Health Act. The ruling specifies that the 
average asbestos exposure for workers en- 
gaged in the removal, enclosure, or encap- 
sulation of any material containing more 
than 196 asbestos by weight cannot exceed 2 
fibers per cubic centimeter per 8-hour work 
period. 

The EPA proposed a rule to establish 
Recommended Maximum Contaminant 
Levels (RMCL) for synthetic organic chemi- 
cals, inorganic chemicals, and microbiolog- 
ical parameters in drinking water.* Asbee- 
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tos was included under the inorganic chemi- 
cals category. The proposal recommends 
establishing a RMCL for asbestos fibers 
exceeding 10 micrometers in length. 

On December 13, the EPA submitted to 
the Office of Management and Budget a 
proposal to immediately ban the manufac- 
ture, importation, and processing of certain 
asbestos construction materials (asbestos 
cement pipe and fittings, roofing felts, floor- 
ing felts, felt back sheet floorings, vinyl 
asbestos floor tile, and asbestos clothing) 
under section 6 of the 1976 TSCA. In 
addition, the mining and importation of 
asbestos and importation of asbestos prod- 
ucts not directly banned would be placed 
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under a permit system. The permit system 
would limit the mining and importation of 
asbestos to 30% of the 1981, 1982, and 1983 
average values and would phase out asbee- 
tos use within 10 years. 

OSHA continued to review a proposed 
standard for occupational exposure to 
asbestos. The two permissible exposure 
limits to airborne asbestos being considered, 
0.2 fiber per cubic centimeter or 0.5 fiber 
per cubic centimeter, would be a reduction 
from the existing asbestos exposure stand- 
ard of 2 fibers per cubic centimeter per 8- 
hour work period. 

Stockpile goals for asbestos were un- 
changed from those of 1984. 


Table 2.—Stockpile goals and Government inventories for asbestos as of December 31 
(Metric tons) 


— — mm emm ep ep zm a ewww wm ewww — — mmm em mm ew mm wm em — 


pond Total inventories 
seni 1983 1984 1985 
FERA 15422 88,591 30.855 30,855 
5 2.722 9.753 9.754 9.772 
33 x. 154 33 33 
3 18,144 mm 40.642 40,660 


Source: General Services Administration, Federal Property Service. 


Environmental Impact.—Fifty asbestos 
producers and insurance companies agreed 
to establish an asbestos claims facility in 
the United States.” The facility will settle 
asbestos liability claims with the objective 
of avoiding long and costly litigations. Only 
about one-third of the $1 billion spent on 
asbestos compensation cases in the past 10 
years has been paid to the claimants. 

In 1985, the EPA awarded $45 million in 
grants and loans for controlling asbestos 
hazards in schools. Funds were authorized 


by the Asbestos School Hazard Abatement 
Act of 1984. Approximately $600 million is 
to be distributed to local jurisdictions for 
asbestos abatement over a 7-year period. 

The State of New Jersey enacted legisla- 
tion limiting asbestos exposure during the 
removal of asbestos from buildings to 330 
nanograms per cubic centimeter (approxi- 
mately 0.01 fiber per cubic centimeter).* 
The purpose of the regulation was to pre- 
vent improper or unnecessary removal of 
asbestos materials from buildings. 


DOMESTIC PRODUCTION 


Mine shipments were unchanged in quan- 
tity but decreased 1596 in value from those 
of 1984. The decrease in value was due 
primarily to a depressed market and high 
producer inventories. 

Asbestos was produced in three mines in 
California and Vermont. Calaveras Asbes- 


tos Ltd. in California was the leading U.S. 
producer of asbestos, followed by Calidria 
Corp. and Vermont Asbestos Group Inc. 
Calidria, a subsidiary of Union Carbide 
Corp., was sold to a private investor group 
and renamed KCAC Inc.® 


Table 3.—Asbestos producers in the United States in 1985 


State and company County Mine oie 
xd on Asbestos Ltd Ca C ropol 
averas Asbestos Ltd laverass oppe 122 Chrysotile. 
Calidris Corp... San Benito Santa Rita Do. 
Vermont: Vermont Asbestos Group Ine Orleans Lowell Do. 
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CONSUMPTION AND USES 


Total U.S. asbestos consumption decreas- 
ed 28%. Approximately 92% of the asbestos 


used. grade 
commonly used, followed by grades 4, 6, and 
5. Spinning grades 1, 2, and 3 represented 


approximately 1% of the total consumption. 
The end-use pattern for chrysotile pre- 
sented in table 4 has been estimated from 
data supplied by U.S. producers and the 
Asbestos Institute in Quebec in cooperation 
with the Government of Canada. The data 
account for 92% of the asbestos consumed. 


Table 4.—U.8. asbestos consumption by end use, grade, and type 


‘Data do not add to total shown because of independent 
“Does not include Other category 


(Thousand metric tons) 

Chrysotile’ Cro- Total 

End use Grades Grade Grade Grade Grade Grade Ke cido- p — 

land 2 5 6 q Total lite tos 

1984 total... 0.1 20 261 21.7 114 1686 219.9 0.4 5.1 -. 9200 

1985 
Aabestos-cement pipe. .. — =e — 168 1.9 4.5 — 232 am 4.8 -. 280 
Coon cee abet us KS EN (*) 8.9 27 6. = 6.6 
com- 

5 „„ E 

Friction products ___ __ — 2 6 65 40 227 39 .. .. — 33.9 
Insulation: 

Electrical ......- as E 1 PAER - A A 1 S PS 5 
Checo cux RN NN WW NM T? S72. 
Paper _._______ Ss SH st ue 5 168 168 _. —  .. 168 
Mr des eo Be „ Wi 0 1 1 d 
Textiles... — 120 .. .. .. 12 .. .. Lë 
Other 1 A 8 2 wl 8.6 4.8 2 2: bà 5.0 

Total 1 1.7 18.8 121 18.7 104.0 150.4 A 48 7.8 °155.6 
lEstimated distribution besed upon data provided by the Asbestos Institute, Montreal, Canada, and the Bureau of 

Mines, producer 
*Bureau of the Census. 
Les than 1/10 unit. 


rounding. 
in total. "Other" contains unspecified fiber type and end use. 


PRICES 


Depressed markets and high producer 


than listed prices. The average unit value of 


domestically produced asbestos in 1985 was 
$357 per metric ton. The average unit value 
of exported asbestos was $361 per ton. 


Table 5.— Customs unit values of imported asbestos 
(Dollars per metric ton) 


— ep — em em eet om op mm a - ͤ vm ee wë wn wm vm vm eee ee em 


Te emm — en emm gem em om om af ee a: em ge wm wm — 2 — 


1981 1982 1983 1984 1985 
cite 272 257 284 ue 
. a 199 1,084 576 
n 927 917 932 699 781 
SON ME 878 834 884 481 283 
LP 128 171 840 869 830 
UR 616 629 70⁵ 569 
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FOREIGN TRADE 
There was a 16% increase in the total ucts, followed by Japan, Mexico, Brazil, and 
value of asbestos fibers and asbestos prod- Venezuela. 
ucts exported from the United States. The Canada 9296 of the asbestos 


accounted for 7596 of the value of all asbes- Several other countries provided minor 
tos products exported. It is the only export amounts. Approximately 9196 of asbestos 
category that increased in value from that fiber imports were chrysotile. The value of 
of 1984. Canada remained the largest im- imported asbestos fiber decreased 82%. 
porter of U.S. asbestos fibers and prod- 


Table 6.—Countries importing U.8. asbestos fibers and products 


(Thousand dollars) 
1984 1985 
Country Unmanu- Manu- Unmanu- Manu- 
factured Total factured factured Total 
fibers products fibers products 
Australia e 66 2,487 12 1 1,879 1,880 
Brasil oo ll... 215 8,683 2558 281 8,502 3243 
Caneda _____ 112,012 7112,900 714 148,668 149,377 
Germany, Federal Republic ot... 1,028 9052 d 16 ane Gei 
Republic. Gg v 1,788 190 1,814 
Er 13 34 Se 
Mexico... ——— .- 4,649 11,646 6,261 6,483 12144 
Saudi Arabia 4 4,904 4,908 2 1,409 1,411 
Thailand `... 1,916 179 2,096 2,390 332 2,002 
Turkey FFC 18 850 963 SS 544 644 
„„ 271 2516 4545 25 2451 2784 
Or 2,557 16,144 18,701 2,900 12,825 15,236 
Total]! 18.221 162,600 180,911 16,966 198,479 200,845 
"Revised. 
Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 7.—U.8. exports and reexports of asbestos and asbestos products 
198 _ — — SEE RI 1. ³· E 
Products Value Val Value 
Quan- (thou Quan- (thoy Quan- thew. 
sands) sands) sands) 
EXPORTS 
Unmenufactured: éd 114106 $12.105 
Sand and re do.... 18760 4519 18,898 4115 15698 8,661 
„ da- 54,286 19,8988 99,779 18.221 45.076 16,966 
Manufactured: 
Asbestos fſbor sss do... 1,587 5,198 5,061 607 8.798 
Brake linings and disk brake pads do NA 70,656 NA 109,908 N. 
Clutch facings and lining number. _ NA N NA 20,718 
Ge Tee metric dm. E NL 2,196 215 1,816 
Packing and als da. 1015 10,174 1.160 1,192 6.716 
Shingles and pr pooh EE do... 8, 098 1,615 
Other articles of ata do 4,968 1,7 1,521 2491 
Other articles, n. a. pf do- NA 9.477 NA 10,806 NA 9,191 
Total ur mx m. eA XX 128,584 XX 162,600 XX 199,476 
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Table 7.—U.S. exports and reexports of asbestos and asbestos products —Continued 


1983 1984 1985 
Products ` Value Value Value 
pres (thou- tit (thou- tity (thou- 
sands) y sands) sands) 
REEXPORTS 
Unman 
Crudes and fibers metric tona. 333 $271 140 $125 369 $71 
Sand and refuse s um 65 14 LE SE 212 52 
Totàl. oz ele c tori do... 398 285 140 125 581 128 
Manufactured: 
Asbestos fibers... _-______._____ do 8 7 1 5 è) 3 
Brake linings and disk brake pads do NA $18 NA 41 NA 108 
Clutch faci inings g number NA 167 NA 194 NA 78 
„ eS ek i cu EE metric tons (5) 117 46 186 1 18 
Insulation. nn do NA 10 (3) 10 NA 8 
Packing and seals do... — 1 10 (1) 1 4 63 
Other articles of asbestos... ________ cc 59 203 NA 264 NA 20 
Other articles, n. a.p. |... 22 EE NA 166 Le Sg NA 1 
Total el cr ee cee xx 998 xx 657 XX 289 
NA Not available. XX Not applicable. 
!Less than 1/2 unit. 
Source: Bureau of the Census. 
Table 8.—U.S. imports for consumption of asbestos fibers, by type, origin, and value 
South Africa, 

Type tity Value Quantity Value Quantity Value Quantity Value 
metric (thou- (metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 

1983 _.--------—-- 184,308 $49,733 11,754 $7,740 330 $483 196,887 $57,956 
1984: 
eier DE 8 22 715 621 = 8 715 621 
e: 
Crude 85 92 as Sie Sa Ge 85 92 
Spinning fibers 2,041 1,369 es Sa 93 123 2,134 1,492 
All other 193,525 54,806 7,541 3,423 807 326 201,373 58,555 
Crocidolite (blue) SEH ES : 3,989 NN NM 5,656 8,989 
Total 195,651 56,267 13,912 8,033 400 449 209,963 64,749 
1985: 
Amos ite ae = 121 100 Cs PM, 121 100 
Chrysotile: 
Crude 94 86 174 100 EF = 268 187 
Spinning fibers 1,990 1,454 PER: es 90 110 2,080 1,564 
other 127,307 36,045 522 81 16 121,866 86,362 
Crocidolite (blue) FM ne 4,194 2,126 em ES 4,794 2,726 
Other ( ified 
asbestos type) - 1,728 962 5.374 1.997 200 196 1,302 8,155 
Total 131.119 88,547 10,985 5,224 327 322 142,481 144,098 


1Data do not add to total shown because of independent rounding. 
Source: Bureau of the Census. 


WORLD REVIEW 


World production of asbestos increased producer of asbestos, followed by Canada, 


slightly from that of 1984. The major pro- 
duction changes occurred in Canada, where 
shipments were down 95,000 tons, and in 
the U.S.S.R., where production was estimat- 
ed to be 100,000 tons greater than that of 
1984. The U.S.S.R. remained the largest 


the Republic of South Africa, Zimbabwe, 
Italy, China, and Brazil. 

Depressed economic conditions and ad- 
verse publicity on asbestos-related health 
risks have contributed to poor market con- 
ditions, limited growth in asbestos produc- 
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tion, and resulted in a decrease in explora- 
tion and development. 

There were temporary shutdowns in sev- 
eral mining operations in Canada. In addi- 
tion, four mining companies are forming a 
partnership to improve their position in the 
market. Many companies were delaying 
expansion of their operations until the ef- 
fects of the proposed EPA asbestos ban on 
future markets are known. Expanding mar- 
kets for asbestos were in the Far East and 
in developing countries. 

Australia.—The New South Wales (NSW) 
State government rejected the Woodsreef 
Mines Ltd. application to extract 25 million 
tons of asbestos from mine tailings at its 
plant near Barraba.'^ Woodsreef Mines had 
received approval from the Australian Gov- 
ernment to extract asbestos from mine tail- 
ings using a wet process. The NSW Miner- 
als Resources Department was not satisfied 
with the safety provisions of the mining 
project. 

Canada.—Four Canadian asbestos pro- 
ducers, Asbestos Corp. Ltd., Bell Asbestos 
Mines Ltd., Campbell Resources Inc., and 
Lac d'Amiante du Quebec, signed a memo- 
randum of intent to form a partnership that 
would strengthen their resources and im- 
prove their position in domestic and export 
markets.! All four companies operated 
mines in the Thetford area of Quebec. The 
partnership would control over 50% of the 
asbestos output in Quebec. Earlier in 1985, 
Asbestos Corp. had devalued the book value 
of its Asbestos Hill Mine in northern Que- 
bec and suspended operations indefinitely 
at the Thetford Mines’ Quebec plant. Under 
the partnership, three mines and two of five 
processing mills owned by the four compa- 
nies will be closed. Approximately 725 of 
the 2,225 employees will be dismissed, and 
production will be limited to 300,000 tons of 
chrysotile per year. 

China.—A new asbestos dressing plant 
for concentrating ore began operation at 
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Mangnai in Qinghai Province.“ This plant 
has a production capacity of 12,000 tons per 
year. The construction of a second plant was 
being considered for the Province, where 
reserves are estimated at 20 million tons. 

Cyprus.—Asbestos was produced from 
one mine in the Troodos Massif. The mine is 
operated by Cyprus Asbestos Mines Ltd. 
Prior to 1985, Cyprus Asbestos produced 
mainly chrysotile grades 3S and HSH. The 
company began developing new grades of 
chrysotile when sales of grades 3S and HSH 
declined. In 1985, full-scale production of 
chrysotile grades 4 through 7 was begun. 
Approximately 40% of production is grade 
4T, and 30% is grade 5R and 6D. Most of the 
asbestos produced is exported to Europe, the 
Middle East, the Far East, and India for 
asbestos cement products. 

U.S.S.R.—Chrysotile asbestos production 
was estimated to be slightly greater than 
that of 1984.:* Reconstruction and modern- 
ization of equipment at the Uralasbest com- 
plex was reported to have increased mine 
efficiency. In addition, the Baikal-Amor 
Mainline Railway was being developed to 
improve access to the Kiyembay complex in 
Siberia's South Muya mountain range. 

Approximately 45% of the production 
was exported, mainly to centrally planned 
economy countries. In recent years, surplus 
fiber also has been marketed in market 
economy countries. 

United Kingdom.—The Health and Safe- 
ty Commission introduced new proposals to 
improve control of asbestos in the work- 
place. These proposals were in response to 
a European Economic Community directive 
on worker protection and asbestos usage. 
The key provisions included assessment of 
the nature and degree of exposure and 
preventive measures to minimize exposure. 
Emphasis was placed on air monitoring, 
medical surveillance, and provisions for 


washing, changing, eating, and drinking. 


Table 9.—Asbestos: World production, by country: 


(Metric tons) 

Country? 1981 1982 1983 1984P 1985* 
Argentinas 1.280 1.218 1.240 1, 250 1.200 
Australia 45.494 18.587 3,723 (7) ae 
Brazil (über)... 138,417 145,998 158,885 131,000 135,000 

ee 400 600 700 500 600 

Canada (chipment )))) 1,122,000 834,000 858,000 837,000 142,000 
e Se. el ls 88 106,000 110,000 160,000 7135,000 140,000 
Colombia 5.400 5.400 5.400 *9 982 10,000 
E OI CMM AE EON 8 24,440 18,952 17,288 7,429 6,000 
EE 325 4 245 325 325 
Greece ____._____________.____ 451 17,016 $1,811 45,376 48,000 
Indi ane cen SY E 24,515 26,761 24,878 25,450 25,000 
Indonesia 5,000 25,000 25,000 25,000 25,000 


See footnotes at end of table. 
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Table 9.—Asbestos: World production, by country' —Continued 
(Metric tons) 
Country? 1981 1982 1988 1984P 1985* 
Ü; DT. bon lc 137,086 116.410 189,054 141,272 140,000 
Japan --_------------------- 3.950 4.135 SA. 4.000 4,000 
Korea, Republic o 14,084 15,938 12,506 8,062 10,000 
ique- ------------- -M 71,425 852 800 800 
South Africa, Republic o 235,948 211,860 221.111 167,389 165,000 
Hind. et ee E 35,264 790,145 26,287 25,882 26,000 
Taiwan ______________________. 2,317 2,892 2,819 1,355 1,500 
key o eke cl oe a es 3, 958 1,510 1,499 1,500 
)J ghee re a ee 2,105,000 2,180,000 2,250,000 2,800,000 2,400,000 
United States (sold or used by producers) - - 15,618 63,515 69,906 51,422 457,457 
Yugoslavia. LLL LLL LLL LLL c2 cL 22. 13,591 11,657 10,502 8,556 *6,916 
imbabwe ____________________. 247,600 194,400 — 153,000 165,385 165,000 
Total nas ¹ A c uem LER Le. *4 349,466 *£036,218 — 4,178,660 4,105,884 4,111,298 


Estimated. Preliminary. "Revised. 
Table includes data available through Apr. 29, 1986. 
In addition to the countries 


listed, Czechoslovakia, North Korea, and Romania also 
reported, and available general information is inadequate for the formulation of reliable estimates 


produce asbestos, but 


TECHNOLOGY 


Preliminary laboratory testing for the 
mutagenicity of surface-treated chrysotile 
indicated that it was less biologically 
reactive than untreated chrysotile.'* The 
treated chrysotile, which is being developed 
by Société Nationale de l'Amiante of Que- 
bec, was produced by exposing chrysotile to 
phosphorus oxychloride and phosphorus 
pentachloride vapors. Phosphorus com- 
pounds were chemically bonded to the 
chrysotile fiber surface when the gas 
reacted with the chrysotile. The lower mu- 
tagenicity was attributed to the phosphorus 
compound coating. If a safe form of modified 
chrysotile is developed, chrysotile could con- 
tinue to be used commercially. Use of chrys- 
otile rather than asbestos substitutes would 
be advantageous to industry because the 
engineering and physical properties of 
chrysotile are well known and existing tech- 
nology could continue to be used. The use of 
substitute materials would require some 
modification to current industrial produc- 
tion processes and possibly require the de- 
velopment of new products. The long-term 
quality of products using subetitute materi- 
als has not been documented, and long-term 
health effects also are unknown. 

The concentrations of airborne asbestos 
in ambient environments were determined 
using transmission electron microscopy. 
However, ambient asbestos levels determin- 
ed by this technique varied by several 
orders of magnitude owing to the lack of 
standard reference materials (SRM). The 
National Bureau of Standards (NBS) in 
cooperation with EPA developed reference 
materials (RM) and SRM for use in testing, 
refining, and calibrating sample prepara- 


tion and analysis procedures. These stand- 
ards were prepared on polycarbonate filters 
and consist of chrysotile asbestos fibers 
mixed with NBS SRM 1648, an urban-air 
particulate matrix. The RM was typical of a 
general urban environment with low con- 
centrations of ambient chrysotile. The SRM 
was representative of an ambient air sam- 
ple collected near an asbestos source. 


,Physical scientist, Division of Industrial Minerals. 
Asbestos Information Association News and Notes. 
Ma 31, 1985, p. 1. SC 


vironmental Protection 
Poil rs ater Projecta. V. 50, No. 184, July 12, 1 
See NNI, 


PP; 


on Agency. N 
Primary 8 king Water 3 Synthetic Organic 
Chemi l. J. 20, Ne. 218, Nor. 18, 1988, pf. 48888. 
SES 50, No. 219, Nov. 18, 1985, pp. 46880- 


Environment Reporter, Special Anal Bur. of Nat. 
Affairs Inc., Washington, DC, Mar. 3, 1986, pp. 2060-2061. 
P 1885 3 Association News and Notes. Dec. 

P. 

‘Chemical & Engineering News. Asbestos Defendants 
Set Up Claims Center. V. 63, No. 25, June 24, 1985, p. 19. 
web pto Minerals (London). Comment. No. 211, Apr. 

p. 7. 
Information Association News and Notes. 


zune 28 1985, p. 1. 
1°Industrial Minerals (London). Company News and 
Mineral Notes. No. 216, Sept. 1985, p. 109. 
Hu . World of Minerals. No. 7217, Oct. 1985, pp. 11- 


Sr ; Company News and Mineral Notes. No. 215, 
P- 
1 VV 


industrial Minerals (London). Company News and 
Mineral Notes. No. 208, Jan. 1985, p. 70. 

16Langer, A. N., R. P. Nolan, and I. Weisman. 
and Chrysophosphate. Pres. at 15th Annu. Meeting, Asbes- 
tos Information Assoc., Sept. 17-18, 1985, Arlington, VA; 
available from A. N. r, Environmental Sciences 
Laboratory, Mount Sinai School of Medicine of the City 
University of New York, New York, NY. 

"Small, J., E. Steel, and P. Sheridan. Analytical Stand- 
ards for the Analysis of e Asbestos in Ambient 
Environments. Anal. Chem., v. 57. No. 1, Jan. 1985, 
pp. 204-208. 
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Barite 


By Sarkis G. Ampian? 


Domestic production of barite, after in- 
creasing in 1984, resumed the downward 
trend started in 1982 by decreasing 5% to 
739,000 short tons valued at $21 million. 
Production from Nevada, the leading pro- 
ducer, decreased 4% to 590,000 tons. Pro- 
duction from Georgia and Missouri, the 
second and third leading States, respective- 
ly, decreased. Imports for consumption of 
crude barite rose 19% to 2.1 million tons, 
and ground barite imports increased nearly 
60% from 45,024 tons to 71,024 tons valued 
at $4.7 million. Imports of barite for the 
fourth straight year led domestic produc- 
tion, and the 2.1-million-ton import figure 
for 1985 was only 200,000 tons below the 
record high imported during 1982. Ground 
barite imports, except for the drilling boom 
years of the late 1970's and early 1980's, 
were negligible. The principal use for bar- 
ite, as a weighting agent in oil- and gas-well- 
drilling fluids (muds), accounted for 98% of 
US. consumption. Chemicals, glass, and 
filer and/or extender uses accounted for 


the remaining 7%. 

Demand for barite, after increasing in 
1984, returned to the downward slide that 
began in 1982 owing to a decrease in drilling 
activity, prompted by oil oversupplies. How- 
ever, this decrease was accompanied by the 
return to drilling deeper wells that consume 
more barite. U.S. mine production contin- 
ued, although still depressed, spurred on by 
regional sales and lower rail rates, which 
increased the competitiveness of domestic 
ores in the gulf coast and midcontinent 
areas. Barite grinding capacity, despite nu- 
merous closures, mergers, and acquisitions, 
continued in a position to meet present and 
future requirements. 

Domestic Data Coverage.—Domestic pro- 
duction data for barite are developed by the 
Bureau of Mines from one voluntary survey 
of U.S. operations. Of the 108 operations to 
which a survey request was sent, all re- 
sponded, representing 100% of the total 
crushed and ground production sold or used 
shown in table 1. 


Table 1.—Salient barite and barium chemical statistics 
(Thousand short tons and thousand dollars) 


1981 1982 1988 1984 1985 
United 3 
Barite 
Soldo or r used by producers 2,849 1,845 154 175 789 
J fen Ren cae area $102,439 ,522 $29,208 $25,445 $21,501 
MOMENT ] ͥ 1 : 8 62 49 28 1 6 
JJ 8 $9,947 $6,510 $8,514 $574 $692 
Ke for consumption (crude). __.._._._ 1,932 2, 1.896 1.781 2,066 
Consumption (apparent) 4,719 4,116 2,127 2,505 2,789 
Crushed and grotind (ool o (sold or used by processors)? _ _ 4,716 4, 2,745 2,888 2,184 
Il See ec le LL 255 $822,700 $194,380 $220,806 $154,463 
Barium chemicals (sold or used by processors) — _ _ _ 34 22 26 
HEES ,610 $18,720 $16,860 $11,105 $16,086 
World: Production 79.067 rg, 5, P6, 8.67 
"Estimated. Preliminary. "Revised. 
Sold or used plus imports minus exports. 
"Includes im ports. 
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DOMESTIC PRODUCTION 


The term “primary barite" denotes the 
first marketable product and includes crude 
run-of-mine barite, flotation concentrates, 
and material concentrated by other benefi- 
ciated processes such as washing, jigging, or 
magnetic separation. Run-of-mine barite, 
the lowest cost primary barite, sold or used 
by producers represented 5996 of total pro- 
duction compared with 64% in 1984; flota- 
tion concentrates was 8% of total 1985 
production; and the balance was other bene- 
ficiated material. 

Reported primary production decreased 
5%. Nevada and Georgia remained the two 
leading barite producing States. Other pro- 
ducing States, in descending order, were 
Missouri, Montana, Tennessee, Washing- 
ton, and Illinois. Barite was produced as a 
coproduct of fluorspar mining and milling 
in Illinois, and in Washington, production 
was limited to stockpile shipments; in all 
other States, barite is the primary product. 

The leading domestic barite producers 
were Dresser Minerals Div., Dresser Indus- 
tries Inc.; IMCO Services Div., Halliburton 
Co.; and NL BAROID/NL Industries Inc., 
all with mines in Missouri and Nevada; and 
Milchem Inc., with mines in Nevada. An- 
other producer in Nevada was FMC Corp., 
and in Missouri, DeSoto Mining Co. and 
General Barite Co. 

The domestic barite industry experienced 
a downturn during the year primarily ow- 
ing to a decrease in drilling activity. This 
downturn, except for a slight upturn in 
1984, returns to the trend of declining 
barite production rates that have been prev- 
alent since 1981, the record-high production 
year (2.8 million tons). Production data also 
revealed that, despite a downturn in drill- 
ing activity, lower rail rates to the gulf 
coast and midcontinent areas based on unit 
trains and guaranteed tonnage contracts 
enabled modest domestic mining cam- 
paigns. Nevertheless, the persistent oil glut 
and lower energy consumption rates exac- 
erbated at yearend by Mideast overproduc- 
tion continued to thwart an upturn in oil- 
and gas-well-drilling activity. Other factors 
depressing the domestic marketplace were 


the continued low oil prices that discour- 
aged exploration drilling activity and the 
world barite oversupply and lower ocean 
freight rates, in part owing to lower bunker 
fuel costs and excess bottoms. These factors 
combined to make foreign ores more at- 
tractively priced than domestic barite. In 
addition, the shrinking domestic market, 
the world's largest, has turned a soft mar- 
ket situation into a buyer's market. The 
competitiveness of the domestic industry, 
both for producers and grinders alike, con- 
tinued to be threatened by imports of 
ground barite into an already depressed 
marketplace, which could further soften 
foreign barite prices. 

A majority of the mining and grinding 
facilities still operational continued to be 
either suspended or on minimal production 
schedules. Most changes to mining, milling, 
and/or grinding capacity were largely mod- 
ernizations and flowsheet changes to reduce 
production costs to remain competitive in 
the current soft market situation. Many 
capital-intensive projects, both ongoing and 
planned, have been deferred indefinitely. In 
some circumstances, companies closed their 
grinding plants and were obtaining speci- 
fication-grade drilling mud barite from cus- 
tom grinders. 

In mergers, acquisitions, and closures, 
Milchem, a subsidiary of Baker Internation- 
al Corp, and Eisenman Chemical Co., a 
subsidiary of Newpark Resources Inc., 
formed a partnership, Milpark, to run their 
merged mining and grinding facilities. Ei- 
senman's Corpus Christi, TX, mill and 
Milchem's Argenta Mine, and plants in 
New Orleans, LA, Galveston, TX, and Okla- 
homa, were operational. 

The Environmental Protection Agency 
issued a final general National Pollutant 
Discharge Elimination System permit for 
oil and gas stratigraphic and exploration 
tests in the Outer Continental Shelf of 
Alaska, excluding development or produc- 
tion operations, in Federal water.? A similar 
draft permit factsheet was issued for oil and 
gas operations in portions of the Gulf of 
Mexico.? 
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Table 2.—U.S. primary barite sold or used by producers, by State 


Flotation  Beneficiated 


Run of mine concentrates material! Total 
ici ns Quan Quan- Quan 
State tity tity tity tit 
opera (thou value (thou- ne (thou quue (thou Noe 
Hong sand (t “dal sand (t Se sand (t e San e 05 
short ) short n ) short an short n 
tons) tons) tons) tons) 
1984: 
Georgia ese 2 2 TT W W W W W W 
Illinois 1 "mS M W W A ES WwW W 
Missourr 2222-2 -- 3 W "e zr W W 
Montana 1 W T A W W W W 
Neva dla 10 449 $10,527 us an 166 $4,397 615 $14,924 
Tennesse 1 Ge ER E SH W W 
Washington- ---------- 1 zt M W W e EM W W 
e je 19 499 12.298 60 $4,146 216 9,000 775 725,445 
1985: 

77700 ͤ ee 2 em TUN W W W W W W 
Illinois 22. 2 --2-2---- 1 Ss M W W UN W W 
Missouri 22... -- 3 26 896 es 3 21 1.895 47 2.791 
Montana 1 W W m E ne TE W W 
Nevada _____________ 9 389 1,485 "P Sr 201 3,419 590 10,904 
Tennessee___________ _ 1 W W a HM "n 2 W W 

ingtoůon 1 Sch ES W W Wei TR W W 

Totaal 18 436 9,441 58 4,099 246 7,961 7739 21,501 


W Withheld to avoid disclosing company proprietary data; included in Total.“ 


Includes some flotation concentrates. 


*Data do not add to total shown because of independent rounding. 


CONSUMPTION AND USES 


Consumption of crushed and ground bar- 
ite decreased about 24% from 2.9 million 
tons in 1984 to 2.2 million tons in 1985. This 
downturn, after an increase in 1984, rein- 
states the downtrend in barite consumption 
that has occurred since 1981, when the 
record high of 4.7 million tons of crushed 
and ground barite was established. This 
decrease indicated a downturn in barite 
required for oil-well drilling, which account- 
ed for 93% of total sales. The oil- and gas- 
well-drilling industry completed over 52,000 
wells and drilled over 243 million feet of 
hole.* The figures indicated a decrease from 
that of 1984 in the number of wells and feet 
drilled of 36% and 30%, respectively. 

Total well footage drilled exceeded 10 
million feet in five States: Texas, 95.0 mil- 
lion feet; Oklahoma, 29.8 million feet; Loui- 
siana, 26.6 million feet; Kansas, 15.3 million 
feet; and Ohio, 10.5 million feet. Generally, 
the deeper a hole is drilled, the more barite 
is used per foot of drilling. Among the five 
leading States, Louisiana had the highest 
well depth, over 5,500 feet, and Kansas, the 
lowest, had an average depth of about 3,800 


feet. Wyoming, absent from the top States 
this year in well footage drilled, again had 
the highest average well depth, nearly 7,500 
feet. The U.S. average increased nearly 500 
feet to 4,700 feet. The main reason that 
barite consumption decreased was because 
of the 64% reduction in the number of wells 
drilled. This decrease, however, was offset 
by an increase of barite per foot of drilling, 
which rose to 16.8 pounds per foot of drilling 
compared with 15.5 pounds per foot in 1984. 

The increase was due to deeper drilling 
rigs that require more barite. Another 
benchmark of drilling activity, the Hughes 
Tool Co. rig count, showed the average 
number of operating domestic rigs decreas- 
ed by over 18% to 1,980 rigs.* The decrease 
in rigs reestablished a downward trend 
that, except for 1984, saw the number of rigs 
fall from the 1981 record high of 3,969 rigs 
to 2,232 rigs in 1983. The 1986 average rig 
count of 1,980 is the first time since 1976 
(1,658 rigs) that the count was below 2,000. 
The estimated rig count during the year 
ranged from a low of 1,858 to a high of 2,452. 


154 MINERALS YEARBOOK, 1985 


Table 3.—Crushed and ground barite! sold or used by processors in the United States, 


by State 
1984 1985 

State Number 7 ( tity Value Number of antiy Value 
short tons) ts short tons) (thousands) 
Louisiana 18 1,815 $109,413 10 937 $60,702 
Missouri . 2 -- 2 3 15 1,529 
Nevada 9 478 15,691 4 274 13,426 

Oklahoma 5 91 6.787 4 79 6. 
Texas 14 788 63,186 18 700 49,163 
Utah g 4 55 8,976 4 85 2,493 
FTT 11 161 21.808 9 144 20,944 
Total... 58 2,888 220,806 47 2,184 154,463 


1 to avoid disclosing company proprietary data; included with Other.“ 
ports. 
*Includes Arkansas, California, Georgia, Illinois, Montana, New York, and Washington (1984). 


Table 4.—Crushed and ground barite! g or used by processors in the United States, 
y use 
(Thousand short tons and thousand dollars) 


U 1984 1985 
ge LL — 
Quantity Value Quantity Value 
Barium chemicals, filler and/or extender, glass 188 23,783 142 21,504 
Welldriliàg-—— 22-25-2219 uuum 2,695 197,023 2,042 132,959 
„ p ee a ORE REDE 2,883 220,806 2,184 154,463 


Table 5.—U. S. barium chemicals: produced and sold or used by processors 


1984 1985 

T Sold or used by Pro- Sold or used by 
Barium chemical duction cn E ducu umm ee E 
Plants? hot. Quantity Value Plants? (short. Quantity Value 
tons) (short (thou- tons) (short (thou- 
tons) sands) tons) sands) 
Barium carbonate... 2 W W w 2 W W W 
Barium chloride 2 W W W 2 Ww W W 
Blackash |... 1 W w W 1 W Ww w 
Blane Bas 1 W W wW 1 w w W 
Other oe 2 21,864 26,249 $17,105 2 24,057 23,811 $16,036 


Total... .—— sc 8 21,864 26,249 17,106 8 24,057 23,811 16.036 


W Withheld to avoid disclosing company proprietary data; included with "Other." 
data reported by barium chemical plants that consume barite are included. Partially estimated. 
A plant producing more than one product is counted only once. 


BARITE 155 


Table 6.—U.S. hydrocarbon well drilling and barite consumption 


d 


used for Wells drilled (thousands)? Suc- Average oe 
Year 11111 Dry -— per well 
e oi Gas holes Total (percent) M (short 
Short tons) tons) 

1966 .— — 987 18.07 4.48 16.23 88.78 58.1 4,510 25.45 
1968 1.022 16.78 4.38 15.23 36.39 58.1 4,478 28.08 
1967 ͤ 8 965 15.83 3.66 13.28 82.22 58.9 ,985 29.95 
19888 1.006 14.33 8.46 12.81 30.60 58.1 4,188 82.88 
1969. —. n 1,235 14.37 4.08 18.74 82.19 81.3 4,881 38.37 
1970 —— ne oe 1,119 13.02 3.84 11.26 28.12 60.0 4,952 89.79 
TTT 1.044 11.86 3.83 10.16 25.85 60.7 4,806 40.39 
NOT? uoo m8 1,183 11.31 4.93 11.06 27.30 59.5 4,932 48.38 
1973 —— sx 1,326 9.90 6.39 10.31 26.60 61.2 5,129 49.85 
E e WEE 1,440 12.78 7.24 11.67 31.69 63.2 4,750 45.44 
77770 es bnc 1,638 16.41 1.58 18.25 37.24 64.4 4,685 48.98 
1916 —— — — 1,986 17.06 9.09 13.62 89.77 65.7 4,571 49.94 
TTC 2.372 18.91 11.38 14.69 44.98 67.3 4,687 52.78 
ISIN o oum 2,632 17.76 12.93 16.25 46.94 65.4 4,829 56.07 
JT 2,967 19.38 14.68 15.75 49.81 68.4 4,191 59.57 
1980 `- — 8 3,385 26.99 15.74 18.09 60.82 10.8 4,615 55.06 
EE MN DET 4,526 87.67 17.89 22.97 78.58 70.8 4,602 57.63 
19829... uuu 4,048 40.30 18.95 26.55 85.80 69.1 4,616 47.18 
TORS MEER 2,648 37.21 15.68 23.49 76.38 69.2 4,268 84.69 
1984 EE 2,695 41.10 15.71 25.23 82.04 69.5 4,246 82.85 
1985 2 ee 8 2, 26.24 10.16 15.97 52.36 69.5 4,658 89.00 


1Includes exploratory and development wells; excludes service wells, stratigraphic testa, and core tests. 
Source: American Petroleum Institute. 


Price quotations in trade publications for : 
barite remained unchanged. These prices and Texas ground material, in direct re- 
may serve as a general guide but do not i iti 


reflect actual transactions. 

The reported average value per ton of 
domestic barite, based on actual sales, 
decreased nearly 13% f.o.b. plant. The aver- 


market conditions, declined 18%. Material 
from the other major grinding States re- 
mained relatively unchanged. The average 
customs value of barite exported to Canada 
was about $275 per ton; the customs value 
of material exported to Mexico and Latin 


Texas was $67.28; the average value of that America was about $110 per ton. 
from California, Nevada, and Utah was 
Table 7.—Barite price quotations 
1 
js Price per short ton 
1984 1985 
Barite:? 
Chemical, filler, glass grades, f.o.b. shipping point, carlots: 
Handpicked, 95% BaSO,, not over 1% fe $90.00 $90.00 
Magnetic or flotation, 96% to 98% BaSO,, not over 0.5% fe 106.00 106.00 
eue eh 95% BaSO,, 325 mesh, 50-pound bags . $80.00-165.00 $80.00-165.00 
m 
Mun TTT ic gravity 4.20 to 4.30, 
— dae Cats Lok Manis rid aun Ss 
ic vi : .30, f.o.b. t H 
Berium chemicals:* iud T , ES 
Te itated, b ST lots, freight 
DIS car. ( cT: Ki) : 
MON E testo ss 
EE EEN 450.00 450.00 
a hl vg SE RM ANA FQ MER ed 565.00 565.00 
ono, 55-pound bags, carlots, delivered (100 pounds) - 46.00 46.00 


See footnotes at end of table. 
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Table 7.—Barite price quotations —Continued 
Price per short ton? 
Item 
1984 1985 
Barium chemicals? —Continued 
Barium sulfate: 
Blanc fixe, technical-grade, bags, e Me hee I cn NERO a he 400.00 400.00 
e P., X- Tya e, dere 25-kilogram bags, 10,000-kilogram " 3 
ett wee 460.00 460.00 


1Unless otherwise specified. 


Engineering and Mining Journal. V. 185, No. 12, Dec. 1984, p. 27; 
Chemical Marketing Reporter. V. 226, No. 27, Dec. 31, 1984, p. 21; 


and v. 186, No. 12, Dec. 1985, p. 11. 
and v. 228, No. 25, Dec. 16, 1985, p. 41. 


FOREIGN TRADE 


Exports of natural barium sulfate or bar- 
ite increased fourfold from about 1,500 tons 
to nearly 6,000 tons. This represented an 
increase in exports after 5 consecutive years 
of decline from the record high of 1979 
when 109,000 tons was exported. The 1984 
and 1985 ground barite exports are the 
smallest since 1969, when barite export 
Statistics were first listed in the "Minerals 
Yearbook." Export and import data provid- 
ed by the Bureau of the Census do not 
indicate the grades of barite traded; howev- 
er, based on the value of individual ship- 
ments, an estimated 80% was ground drill- 
ing-mud grade, and an estimated 20% was 
chemical, filler, or glass grade. Crude barite 
was not exported in 1985. Canada and 
Mexico, traditionally either first or second 
among export recipients, were replaced by 
Liberia, the Barbados, and Mozambique, in 
decreasing order, as the leading buyers of 
U.S. ground barite and accounted for 6495 
of the total exports. Canada and Mexico 
received about 1596 of the total. Exports to 
Mexico, a major oil producing country, de- 
clined to only 5 tons from a high of 18,000 
tons in 1983. Both Canada and Mexico 
continued to rely more on domestic produc- 
tion. The strong U.S. dollar, which weak- 
ened at yearend, along with low exploration 
levels continued to have an adverse effect 
on barite exports. 

Imports of crude barite increased 19% 
from 1.73 million tons to 2.06 million tons. 
The 1985 barite import figure was still 11% 
below the record high of 2.32 million tons 
set in 1982. The average unit c.i.f.* value of 
this material dropped 8% to $38.04 per ton, 
indicating that prices of foreign ores con- 
tinued to decline in response to oversupply 
and lower ocean shipping rates. Domestic 
producers and consumers, faced with high 
rail rates from domestic drilling-quality 
barite mines in Nevada to gulf coast area 
grinding plants, continued to take advan- 


tage of the lower priced foreign ores to meet 
their demands in this highly competitive 
gulf coast area. Average value per ton of 
material shipped from the principal source 
countries was Mexico, $42.84; India, $38.66; 
China, $38,47; Thailand, $37.93; Morocco, 
$37.27; Indonesia, $36.86; Peru, $36.50; 
Chile, $27.81; and Ireland, $26.60. The cost- 
lier, high-quality barite, generally material 
with a specific gravity greater than 4.2, is 
usually blended with lower grade ore, for- 
eign or domestic, during grinding to meet 
American Petroleum Institute specifica- 
tions for 4.2 drilling-mud-grade barite. Im- 
ports of ground barite increased nearly 58% 
to over 71,000 tons from about 45,000 tons in 
1984; of this, China and Morocco supplied 
67% and 24%, respectively. Ground barite 
imports up to those of 1983 had been lim- 
ited to premium-quality pharmaceutical 
grade from Belgium-Luxembourg, Canada, 
France, the Federal Republic of Germany, 
and the Netherlands, unavailable domestic- 
ally and averaging $300 to $600 per ton. The 
average c.if. value of the Chinese and 
Moroccan imports, $53.22 and $73.30, re- 
spectively, suggests that this barite is proba- 
bly drilling-grade material. The last signifi- 
cant imports of mud-grade barite, excluding 
that of 1984, occurred during the drilling 
boom years of the late 1970's and early 
1980's when importe, mainly from Morocco, 
Mexico, Singapore, and China, in decreas- 
ing order, averaged under 10,000 tons per 
year. Continued imports of ground drilling- 
grade barite, in an already soft market 
situation, will probably result in the closure 
of some grinding plants and adversely affect 
the few domestic mines that still supply ore 
for blending. The value of imports from 
Thailand, about $115 per ton, indicates that 
this ground material was probably destined 
for domestic filler and/or extender markets 
that are usually supplied by U.S. producers. 
Crude barite, for the most part, entered 
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through customs districts near most drill- 
ing-mud markets along the gulf coast for 
delivery to grinding plants in the area. The 
import distribution by customs districts in 
1985 (1984) was New Orleans, LA, 58% 
(5396); Houston, TX, 388% (31%); Laredo, TX 
(Port of Brownsville, TX), 4% (8%); and Port 
Arthur, TX (includes Port of Lake Charles, 
LA), 0% (89%). 
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Imports of barium chemicals decreased 
1% to about 33,000 tons valued at over $20 


14% to nearly 12,500 tons. The Federal 
Republic of Germany, China, Italy, Brazil, 
Canada, and Japan, in descending order, 
were the major suppliers. 


Table 8.—U.S. exports of natural barium sulfate, by country 


1984 1985 
Coun Quantity Value Quantity Value 
Ki (short (thou- (short (thou- 
tons) sands) tons) sands) 
E cns cnc Lui cue ie et eh es 25 $9 59 
Barbados _ _ ]²˙¹Üꝛ Vd yt icum ec ES 259 30 1,266 149 
J/%/VÜĩÜ˙ «%² “MA 8. LL fe 8 107 254 897 
Japan 5.655 ee 62 20 21 8 
à7nĩ:nßßfßk ⅛ yk ts x 2S e 1,485 16 
p ñ p ñ̃̃ uci icc c ie 87 93 1015 E: 
Mozambique __ —----------------------------=>----- E AS i 
zl (m ² ²¹ mud. ⁰yd y y Es ben 762 81 
Ff ee ee a ewe Cusco uS 86 18 14 8 
%% oce Eee LM 89 21 50 24 
e dd EE 235 84 801 42 
Teal o eee donus ee er t is mE m ut 1,449 574 5,876 692 
"Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 9.—U.S. imports for consumption of barite, by country 
1984 1985 
Coun Quantity Value! Quantity Value! 
"7 (short (thou- (short ( 
tons) sands) tons) sands) 
Crude barite 
O ON E E — E A - 87.202 $3,136 72,219 $2,008 
e ios o e 905,158 40,038 890,659 34,265 
00 NE TEE eiim ee pe ca 133,785 4,997 443,406 17,142 
Indonesia z d ee ZE: Ké 33,013 1,217 
Ireland — à + * 2 39,683 1,509 19,499 519 
c Sg 3 59,446 1.275 35,533 1,522 
Morocco : Gel qoe MIO EE ee ee 335,315 13,582 319,207 11,897 
an Le 64,006 2,618 28.991 1,058 
Switzerland `... Pans" PES = : 80,919 8,410 
a E, E PCS 43 Pire e 64,753 2,618 115,316 4,374 
Otten EES HERR TT E EE ER 41,552 1,937 17,162 803 
Total? _ _ ` 1,730,960 71,708 2,055,924 78,216 
Ground barite: 
Belgium-Luxembourg : indie 103 41 20 6 
— — ar a us ur um st ée SE E, PE 1,565 374 3,539 499 
co NES See Ce ee ee eee 31,382 1,691 47,779 2,543 
ee ga aaa ras z 80 24 20 5 
Germany, Federal Republic Cow NE eee - 324 92 353 106 
. at ä 1 (3) Sa i 
e rer : A ; 3 11,112 887 17,107 1,254 
Netherlands . E - 3 368 115 146 46 
O O AE nt iets bg E do zo kn as bt mom Re? 67 10 2,050 234 
— — lang " — ` = 22 3 ER — 
Other i p E R d e 10 4 
EE 45,024 3,287 71,024 4,691 
C. i f. value. 


*Data may not add to totals shown because of independent rounding. 


Less than 1/2 unit. 
Source: Bureau of the Census. 
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Table 10.—U.S. imports for consumption of barium chemicals 


Blanc fixe 


2 sad Barium Barium 
aen ed chloride hydroxide 
Y — ae 
d Quantity Value Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
1 ete Oy es Sa NA NA 8,402 $5,369 3,601 $1,170 3,663 32.451 
Tr e sc es Ea. NA NA 8,135 5,580 2,930 878 3,570 2,158 
1983 Ete ak NA NA 9,087 5,911 3,402 1,016 4,799 3,751 
TT coe 8 NA NA 9,302 6,381 3,680 1,576 5,452 3,973 
1985— — — — NANA 8971 622905 2839125 5,708 ^ 3,959 
: A Barium carbonate, Other barium 
Barium nitrate precipitated compounds 
tity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
198 1. 270 887 5.709 32.323 664 $538 
ER .;ö³ 682 263 7,787 3,055 753 629 
1983832 777 275 8,821 3.884 946 1,256 
777. A 1.278 478 14.476 7.269 1.020 847 
8;»ö%³ eS 1.339 643 12,457 5,400 1,593 2,556 
NA Not available. 


Source: Bureau of the Census. 


Table 11.—U.S. imports for consumption of crude, unground, and crushed or ground 


witherite! 
Crude, unground Crushed or ground 
Year Quantity Value Quantity Value 
(shorttons) (thousands) (shorttons) (thousands) 
ION] c nho ee ee eee ee eee eee ese 7 $2 92 $85 
% % ff 292 82 41 44 
öͤÜͤ ]˙ü ⅛ð d y 1 4 49 12 
//%õõõ ˙ usce s m T y v gE eT 41 24 185 129 
EES? 1 6 141 68 
Barium carbonate. 
Source: Bureau of the Census. 
WORLD REVIEW 


Estimated world production of barite in- 
creased slightly to 6.7 million tons. The 
United States produced 11% of the world 
total and imported 31% of the world output. 

Canada.—The Newfoundland and Labra- 
dor Department of Mines was involved in a 
number of industrial minerals projects in- 
cluding a major study of their barite re- 
sources.’ The projects were designed chiefly 
to exploit the areas' mineral deposits. 

China.—The Ministry of Geology and 
Mineral Resources reported the discovery of 
a barite deposit containing about 400 mil- 
lion tons of recoverable ore.* The ore body 
between the Hunan, Guizhou, and Guangxi 
Provinces is close to the surface and easily 
minable. The Government was pressing to 
develop new barite mines to ensure its 
market shares in the drilling-mud, chemi- 
cal, and filler-extender industries.* 


Gabon.—The Government was seeking 
assistance in exploiting its Bourekiki barite 
deposit, which has stated ore reserves in 
excess of 1 million tons. Initial plans 
called for a $15 million mining operation, 
with the barite being marketed mostly in 
the neighboring countries of Angola and the 
Congo. 

Greece.—The downturn in worldwide oil 
and gas drilling activities forced Silver and 
Barytes Ores Mining Co. to operate its 
Kavos and Pikridou Mines on the Island of 
Milos on an intermittent basis. The facili- 
ty, capable of producing 6,000 tons of 3.9 
specific gravity filler-grade material, com- 
pleted installation of a 12,000-ton-per-year 
flotation plant to upgrade the ore to meet 
drilling-mud specifications. 

India.—Mineral and Metal Trading Corp. 
started on its long-range plans of diversify- 
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ing and expanding along the lines of some of 
the large Japanese trading companies." 
Future activities were to include mining, 
mine financing, trading, and distribution 
aimed at increasing its turnover by 1990. 
One announced mining plan was a joint 
venture with Andhra Pradesh Mineral and 
Development Corp. (APMDC) to develop a 
barite operation in southern India. 

APMDC, with nearly 80 million tons of 
barite reserves (one-third of the country’s 
total), reportedly contributed over 98% of 
India's total barite production. In addition 
to Andhra Pradesh, the other producing 
States, in descending order, are Rajasthan, 
Madhya Pradesh, Maharashtra, and Bihar. 

Indonesia.—Large deposits of high- 
quality barite were discovered on Lembata 
Island in East Nusa Tenggara." The find 
was made by P.T. Bariod Indonesia, a joint 
venture between NL BAROID/NL Indus- 
tries and P.T. Indokar. Indonesia planned to 
discontinue barite imports from Thailand 
when the new mines and mill complex come 
on-stream. 

Malaysia.—The Government's Malaysia 
Mining Corp. 5 a feasibility study 
for its newly outlined barite deposit, con- 
taining upwards of 500,000 tons of reserves, 
at Sungei Pedah. 

Mexico.—Church and Dwight Co. Inc., 
"orien d NJ, purchased 49% interest in 

Sales y Oxides, a Monterrey-based producer 
of barium and strontium carbonates.'* Pro- 
duction capacity increases were planned for 
the strontium chemical stream 

Oman.—IMCO Services, a division of Hal- 
liburton, placed its grinding plant on- 
stream early in the year. 

Pakistan.—The Geological Surveys ex- 
tensive exploratory and evaluation work 
over the last 4 years located several viable 
industrial mineral deposits." One area of 
note is the barite associated with lead-zinc 
mineralization in the Khuzdar District. 

Tunisia.—Expansion plans at the Zriba 
fluorspar operations, scheduled for comple- 
tion in 1986, called for increasing byproduct 
barite production to about 40,000 tons per 
year. 
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Turkey.—Barit Maden Turk AS, a major 
barite producer and grinder, trebled its 
grinding capacity by acquiring Matosan 
Ltd.'s facilities.'* Barit’s grinding capacity 
will be increased to nearly 300,000 tons per 
year after new equipment is installed at its 
Bahce, Adana plant, about 50 miles from 
the Port of Iskenderun on the Mediterra- 
nean coast. Barit produces drilling-mud- 
grade barite from its mines in Marash, 
Adana, Sivas, and Kayseri Districts. 

The State mining company, Etibank, was 
looking for foreign partners to upgrade its 
100,000-ton-per-year open pit mine at Beyse- 
hir and the associated grinding and bagging 
facilities at Antalya. The foreign partner 
was also expected to help in establishing 
new overseas markets. 

United Kingdom.—Minworth Metals Ltd. 
began exploratory work and opencast min- 
ing operations for exploiting the larger and 
thicker barite veins found at Cumberhead 
in the Clydesdale District of southern 
Scotland.” The entire complex is planned to 
cover approximately 3 hectares of ground 
divided between three separate mines with- 
in 1 mile of each other. Minworth was also 
planning to build a 35,000-ton-per-year 
washing and heavy-media separation plant 
at Carluke, about 20 miles to the east of 
Cumberland, for the production of oil well 
drilling-grade material. 

Venezuela.—The Ministry of Energy and 
Mines' preliminary findings from a number 
of mineral-related projects conducted dur- 
ing the year revealed a large deposit of 
drilling-mud-quality barite in the North- 
western Region. Venezuela, a large oil 
producing country, currently imports about 
100,000 tons of barite annually for its oil 
and gas exploration activities. 

Yugoslavia. - New deposits of barite, with 
reserves estimated at 2 million tons, were 
found on Mount Bobija near Ljubovija in 
Serbia.** Although the Government already 
produces about 850,000 tons per year of 
barite, mostly for export, plans were under 
way to increase the concentrator's capacity 
an additional 35,000 tons annually. 


160 


MINERALS YEARBOOK, 1985 


Table 12.—Barite: World production, by country' 


(Thousand short tons) 
Country? 1981 1982 1983 1984? 1985° 

— oua iei K. SEE gn 1 2 "2 we 2 
dE ZE ͤ uet 98 112 *120 97 100 
TTT S 626 cae 2 pU mds Sm im dapi 54 61 49 55 
00 AT 45 31 13 22 22 
„ e EE En 44 44 44 149 44 
Ml WE EE c ee ee ee a a 2 1 1 1 2 
TP ³WWAWAA¹..; EEN 128 1155 140 158 160 
PPV DE Se A nius eR RAED A ee Cd 8 18 11 €12 12 
U AT 95 31 50 52 50 
(Do MB AA Sec EE Ge 286 322 126 24 24 
NN en as is wives Re seinen Sik has cams es a 880 990 1,100 1,100 1,100 
el urn RS Aa EE E 4 4 4 4 
Cobb ei n rait ordena qa S d eiie sd 67 67 67 66 66 
DE. ei ah cree sound Sp a sad CH 2 3 4 *4 1 
PP ˙˙—AÃĩ˙Qwu1— ˙— qe cim no E — as 4 10 10 
France... EE ER Së 10 1158 168 163 165 
German Democratic Republic A 39 39 39 r39 37 
Germany, Federal er Ul. Leere o ipii so ia 182 183 181 184 187 
PPP. AA RETE S S us 52 43 33 3 19 
TTT TTT WEE SE, 6 2 0 (*) wl 
Y "E E E CHEN 390 359 356 463 670 
ef Le, din MORE ie ET RR 83 88 94 100 100 
PPT... ———. ae pe E 302 T293 220 243 243 
. ˙˙mꝛ pe UR v oc loud — di 195 198 153 118 110 
MOOD REM 62 66 77 73 785 

PPP EE 7 SR wl wl 
Mus TTT Leid E EE SEH 110 24 ppa: 2 Së 
0 — "s 1 3 2 
111%%%ͤ—ͤd ; ee a ee ee 21 28 24 26 45 
MSN. a ain sn ks AAA oe e 350 401 394 470 540 
— KE, ˙ ubi ig em i asim aus 513 1565 318 469 468 
PISIS EES T30 124 29 35 40 
TOM PME 451 413 *180 *180 180 
— ior SA ri ipm de Mol acid E ee 2 10 1 (*) ad 
PME. LL oos m rra EH 94 100 89 89 88 
e . 1 1 1 «9 wl 
DEE a EE EE 87 86 86 80 80 
South Africa, Republic ol. -> "9 4 1 5 73 
SE EEN 58 55 58 76 70 
PPP D EE el 338 365 207 193 190 
— ̃ —. . ale IC 27 34 22 13 22 
0i 220 HE EU ee ee ee 205 "127 87 218 220 
DOBR? ROE nM enasu ER EN 560 570 570 1580 595 
United Bingi . ]ò¾ EE 69 89 40 69 77 
T. A ᷣ ͤ—— POETS MR 2,849 1,845 154 775 7739 
TINO E ere donum ers 49 35 39 *40 40 
BIEN Lue e qm K a 1 1 1 1 
„„ am ee ee eres ee 9,057 18.002 5.982 6,352 6,671 

*Estimated. Preliminary. Revised. 


Table includes data available through June 17, 1986. 


In addition to the countries listed, Bulgaria also produces barite, but available information was inadequate to make 


reliable estimates of output levels. 
Year beginning Mar. 21 of that stated. 
*Data are for fiscal years beginning Apr. 1 of that stated. 
5Barite concentrates. 
êLess than 1/2 unit. 


*Sold or used by producers. 


TECHNOLOGY 


A short survey highlighting the qualities 
of Turkish barite deposits, including data 
on reserves, resources geology, mining and 
production methods, and recent produc- 
tion statistics, was published.” The paper 
features nonograms and graphs showing 
the relationship between barium sulfate 
(BaSO,) content and density and its subse- 


quent applicability in glass and chemicals 
manufacturing and its use in drilling muds. 
A comprehensive paper featuring barite 
was published in a treatise on the indus- 
trial minerals of the Federal Republic of 
Germany.™ The article examines barite ge- 
ology, mining and production methods, re- 
serve estimates, and the individual compa- 
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nies involved in the nondrilling mud mar- 
kets. High-quality West German barites 
have been traditionally used in barium 
chemicals, lithopone, and to a lesser degree 
in the filler and extender areas of paint, 
rubber, and plastics. Similar, but lees vigor- 
ous studies, were released on the mineral 
industries of Greece, * Spain,“ and Cali- 
fornia." The Greek article stressed barite 
mining and processing flowsheets, while the 
Spanish work, in addition, detailed the 
geology of its deposits. The California study 
detailed its run-of-mine production of high- 
grade 4.4 specific gravity barite and blend- 
ing schemes, using selected low-grade Neva- 
da ore, to meet drilling mud specifications 
for the demanding onshore and offshore 
California markets. 

A technically oriented article was pub- 
lished on the mineral requirements of the 
paint manufacturers in the United States, 
Western Europe, and Japan, for increasing 
specialized grades of materials.™ The article 
also discussed the chemical and physical 
properties of the three main paint compo- 
nents: pigment, medium (binder or vehicle), 
and solvent (thinner). A special pigment 
section listed specifications for barite, blanc 
fixe, and lithopone, and also included detail- 
ed flowsheets used in their production. An 
interesting feature of the article was its 
description of the wide range of substituta- 
bility possible in pigment material to re- 
duce raw material cost, yet still remain 
capable of producing high-quality competi- 
tive paint. 

The technical rationale for the past, pres- 
ent, and future industrial minerals usage by 
the U.S. drilling industry” and North Sea 
Oilfields was published.“ The US drill- 
ing industry paper stressed the indispensi- 
bility of barite weighting agents and new 
material usages, such as organoclays and 
mineral-wool fibers. The North Sea paper 
attempted to forecast the future mineral 
requirements of the areas based on the 
technology of developing 80 new fields and 
100 production platforms, and drilling up to 
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1,500 appraisal and development wells. 


1Physical scientist, Division of Industrial Minerals. 

*Environmental Protection Agency. Final General 
NPDES Permit for Oil and Gas Operations on the Outer 
Continental Shelf (OCS) of Alaska; Norton Sound. Fed. 
Regist., v. 50, No. 107, June 4, 1985, pp. 23578-23602. 

. Draft General NPDES Permit for Oil and Gas 
Operations in Portions of the Gulf of Mexico; Fact Sheet. 
Fed. Regist., v. 50, No. 144, July 26, 1985, pp. 30564-30580. 

American Petroleum Institute. Quarterly Review of 
Drilling Statistics for the United States. 4th Quarter, 1985, 
and Annual Summary, 1985. V. 1, No. 4, Mar. 1986, 109 pp. 

Hughes Tool Co. 1985 Annual Report. 32 pp. 

„ insurance, and freight. 

"Industrial Minerals (London) World of Minerals: 
Canada—Newfoundland and Labrador Mineral Produc- 
tion. No. 212, May 1985, p. 9. 

*Mining Magazine (London) Chinese Barytes Find. 
V. 152, No. 5, May 1986, p. 359. 

*Castelli, A. V. Barite. Eng. and Min. J., v. 187, No. 4, 
Apr. 1985, pp. 43-44. 

10Mining Journal (London). Industry in Action: Govern- 
ment Measures—Ba Project for Gabon? V. 305, 
No. 7821, July 12, 1985, p. 29. 

Industrial Minerals (London) World of Minerals: 
Greece—Silver and Bentonite Development. 
No. 215, Aug. 1985, p. 12. 

ineering and Mining Journal. This Month in 
Mining: In Asia—India. V. 187, No. 4, July 1985, p. 74. 
S 1% New Delhi, India. State Dep. Airgram 

-16, p. . 

1% il and Gas Journal. International Briefs: Drilling 
Production. V. 83, No. 3, Jan. 21, 1985, p. 52. 

Chemical Marketing Reporter. Church and Dwight 
Buys a 49 Percent Interest in Mexican Chemical Firm. 
V. 288, No. 9, Aug. 26, 1985, p. 7. 

16Work cited in footnote 9. 

l'Industrial Minerals (London) Company News and 
Mineral Notes. No. 212, May 1985, p. 67. 

18 . World of Minerals: Turkey—Barit Maden Ex- 
pands Barytes Capacity. No. 218, Nov. 1985, p. 15. 

8 Embassy, Ankara, Turkey. State Dep. Telegram 
2 pp. 

Industrial Minerals (London). World Minerals: United 
Kingdom—More Scottish Barytes Developments. No. 208, 
Jan. 1985, p. 15. 

210.8. Embassy, Caracas, Venezuela. State Dep. Air- 
gram A-20, p. 1. 

?:1ndustrial Minerals (London). Company News and 
Mineral Notes. No. 209, Feb. 1984, p. 66. 

2 Arioglu, E., B. Uz, and A. Yuksel. The Barite Re- 
sources in Turkey. Min. Mag. (London), v. 152, No. 6, June 
1985, pp. 562-563. 

** Robbins, J. The Industrial Minerals of West Germany. 
Ind. Miner. (London), No. 219, Dec. 1985, pp. 28-31. 

Griffiths, J. Hellenic Industrial Minerals. Ind. Miner. 
(London), No. 208, Jan. 1985, p. 25. 

= . Spain's Industrial Minerals. Ind. Miner. (Lon- 
don), No. 217, Oct. 1985, pp. 51-52. 

Dickson, T. California Minerals. Ind. Miner. (London), 
No. 215, Aug. 1985, pp. 29-30. 
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Bauxite and Alumina 


By Luke H. Baumgardner’ and Ruth A. Hough? 


For the major U.S. aluminum companies, 
1985 was a year of restructuring and expan- 
sion into peripheral fields. There was in- 

interest in specialty aluminas for 
abrasives, ceramics, electronics, and refrac- 
tories. Domestic and world production of 
bauxite and alumina declined from 1984 
output levels, and world alumina capacity 
decreased by 7% with the closing of five 
plants in Japan and the United States. The 
permanent closure of three refineries re- 
duced domestic annual alumina capacity by 


30%, further increasing U.S. reliance on 
foreign sources of supply. 

Domestic Data Coverage.—Domestic pro- 
duction data for bauxite and alumina are 
developed by the Bureau of Mines from 
three separate voluntary surveys of U.S. 
operations. Typical of these surveys are the 
quarterly and annual "Production of Baux- 
ite" surveys. Of the six operations to which 
a survey form was sent, all responded, 
representing 100% of the 1985 U.S. bauxite 
production shown in tables 1, 2, and 18. 


Table 1.—Salient bauxite statistics 


(Thousand metric tons and thousand dollars) 


1981 1982 1983 1984 1985 
United States: 
Production: Crude ore (dry equivalent 1,510 132 679 856 674 
It 326.489 812.334 311.309 $15,643 $12,855 
Exports (as shipped) ) 20 49 74 82 
Imports for consumptionn lh 12,802 10,122 7,601 710,228 7.944 
Consumption (dry equivalent 13,525 9,217 9,100 10,519 8,206 
World: Production- ------------------- 185,347 "79,318 18,644 P88,173 *85,133 


*Estimated. Preliminary. Revised. 


Excludes calcined bauxite. Includes bauxite imported to the U.S. Virgin Islands. 


Legislation and Government Pro- 
grams.—There were no changes in the Na- 
tional Defense Stockpile (NDS) goals for 
bauxite during the year. The goal for metal 
grade bauxite, Jamaica-type, was 21.3 mil- 
lion tons,’ and for Suriname-type, 6.2 mil- 
lion tons. The goals for calcined abrasive 
grade and refractory grade were 1 million 
and 1.4 million tons, respectively. The Gen- 
eral Services Administration (GSA) report- 
ed inventories at yearend of 12.7 million 
tons of Jamaica-type and 5.4 million tons of 
Suriname-type, metal grade bauxite. The 
final deliveries of metal grade, Jamaica- 
type bauxite were accepted for the stockpile 
by GSA, increasing the inventory in 1985 by 
1.02 million tons. Deliveries of 76,000 tons of 
calcined refractory grade bauxite from Chi- 


na, purchased under two 1984 GSA con- 
tracts, began during the year but had nei- 
ther been completed nor added to the inven- 
tory by yearend. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict that would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, two 
forms of bauxite would be listed in tier I. 
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The goal for metal grade bauxite would be 
3.88 million tons of aluminum metal equiva- 
lent (identical to the 1985 yearend metal 
grade bauxite inventory), and the goal for 
calcined refractory grade bauxite would be 
279,339 tons. 

The Occupational Safety and Health Ad- 
ministration hazard communication stand- 
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ard went into effect on November 25. Do- 
mestic companies, including the bauxite 
and alumina industries, were to determine 
whether any of their products contained 
substances hazardous to their employees or 
customers, and if so, how they were to be 
labeled. 


DOMESTIC PRODUCTION 


Production of bauxite in the United 
States was 674,000 tons, or about 21% lower 
than the 856,000 tons produced in 1984. 
Near Bauxite, AR, the Aluminum Co. of 
America (Alcoa) mined bauxite to supply its 
local alumina plant and to calcine for use in 
proppants and abrasives. Nearby at Bryant, 
AR, American Cyanamid Co. mined and 
calcined bauxite for shipment to the compa- 
ny's plants in Michigan and Illinois for the 
production of aluminum sulfate. The Poro- 
cel Corp. at Berger, AR, calcined bauxite 
purchased from a local supplier to produce 
activated bauxite used principally by the 
petroleum industry. In the southeastern 
bauxite mining district, Harbison-Walker 
Refractories Co., a division of Dresser Indus- 
tries Inc., mined bauxite west of Eufaula, 
AL, for calcining to refractory material and 
as raw material feed for the production of 
proppants at another division of Dresser 


Industries, the plant in Eufaula. Mullite Co. 
of America mined bauxite in Henry County, 
AL, and in Sumter County, GA, for cal- 
cining to refractory grade bauxite at the 
company’s plant near Andersonville, GA. 

Domestic alumina preduction capacity 
was reduced by 1.935 million tons per year 
with the permanent closure of refineries by 
Martin Marietta Aluminum Inc. at St. 
Croix, VI, in May; by Ormet Corp. at Burn- 
side, LA; and by Kaiser Aluminum & Chem- 
ical Corp. at Baton Rouge, LA, at yearend 
1985. Of the nine domestic alumina plants 
that were in operation in 1982, only four 
were still operating at yearend 1985. 

Total production of alumina (calcined 
equivalent) during the year declined to 
about 3.4 million tons, the lowest level since 
1960. Based on an average annual capacity 
figure of 5.4 million tons, apparent capacity 
utilization in 1985 was about 64%. 


Table 2.—Mine production of bauxite and shipments from mines and processing 
plants to consumers in the United States 


(Thousand metric tons and thousand dollars) 


Shipments from mines and 


T Mine production processing plants to consumers? 
C As 
de equivalent Value? shipped equivalent Value? 
J ¹· w puc a aa 826 619 11,309 977 913 26,370 
IJ! 1,054 15,643 1,332 1,227 85,719 
Côö§ö%Oo md m 787 674 12.855 993 989 34,506 


!May exclude some bauxite mixed in clay products. 


Computed from values assigned by producers and from estimates of the Bureau of Mines. 


Table 3.—Recovery of dried, calcined, 


Table 4.—Percent of domestic bauxite 


and activated bauxite in the shipments, by silica content 
United States 
CPhodsand metei tons) SiOz (percent) 1981 1982 1983 1984 1985 
From 8 to 15 65 63 W W W 
Total processed 
"n Crude eng ada red! More than 15. 35 37 wW W W 
treated W Withheld to avoid disclosing compeny proprietary 
recovered equivalent da 
1984 .. .... 361 168 294 


„„ 329 166 284 


'Dried, calcined, and activated bauxite. May exclude 
some bauxite mixed in clay products. 
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Table 5.—Production and shipments of alumina in the United States 


(Thousand metric tons) 


Calcined Oth 3 
ein er 
Year alumina alumina? As produced Calcined 
or shipped? equivalent 
Production:ꝰ 
/ NEED ³ m y 5.490 700 6,190 5,960 
OR Ch) neo aru c pc uud ⁵ ⁵ ⁵ Ne at Saat ae edie Se 3,810 465 4.280 4,130 
1983 EE 3,540 4,220 4,000 
/ ate fee ⁰wmwm ⅛ eh a Sass yrs 4,160 560 4,720 4,545 
)))) ͤ Vu 8 2,860 860 3,725 3,465 
Shipmenta:* 
ö ³⁰˙¹1 AA 5,610 715 6.320 6.085 
/ ³˙¹0mw-. =AAſ ⁰ͥ ⁰ͥ⁰ͥ⁰ͥſdͥ A a 3.730 420 4.150 4.020 
J)) LP ͤ y K ad a s 3.480 670 4.150 3.945 
JC ͥ ³⁰-’·.ꝛ k te Ra a 4.230 570 4,800 4,620 
p. ee ee 2,890 760 3,650 8,425 
Data may not add to totals shown because of independent rounding. 
PTrihydrate, activated, tabular, and other aluminas. Excludes calcium and sodium aluminates. 
Includes only the end product if one type of alumina was produced and used to make another type of alumina. 
Table 6.—Capacities of domestic alumina plants, December 31 
(Thousand metric tons per year) 
Company and plant 1984 1985 
Aluminum Co. of America: 
Bauxite ARs ß ß ee 340 340 
Point Comfort, TX — 34 cu tila E es ume y 1,400 1,600 
!; ] a ace ⁰˙³ ³ mM LM ILL c ATA A E IUE 1,740 1,940 
Martin Marietta Aluminum Inc.: St. Croix, VI _-..__._._._.-_..-.------~---------- 635 me 
Kaiser Aluminum & Chemical Corp.: 
Baton Rouge, LA cc son cusa Se oe t ecco a Leto ee eee 955 A 
Gramercy, E WEE 770 770 
ENEE Ee 1,725 770 
Ormet Corp.: Burnside, LA ` 545 Ek 
Reynolds Metals Co.: Corpus Christi, "73. 1,700 1,700 
Grand total MMC / %é ee ⁰⁰ 6.345 4.410 


Capacity may vary depending upon the bauxite used. 


CONSUMPTION AND USES 


Consumption of crude and dried bauxite 
declined substantially from 1984 levels as a 
direct result of reduced alumina demand 
and alumina plant closures. Calcined and 
activated bauxite consumption was about 
the same as that of 1984. Of the total 
bauxite consumed during the year, 987,000 
tons, or 12%, went to refractories, abra- 
sives, chemicals, proppants, and other non- 
alumina uses. The 27 U.S. primary alumi- 
num smelters that operated during all or 
part of the year consumed about 82% of the 
total domestic alumina produced, while the 
remaining 634,000 tons (calcined equiva- 
lent) served as feedstocks to the abrasives, 
ceramics, chemicals, and refractories indus- 


tries. As in 1984, the only domestic bauxite 
refined to alumina was mined and process- 
ed in Arkansas, and virtually all of the 
alumina produced was consumed in non- 
metal uses. 

The market for proppant sales to the U.S. 
petroleum industry, which looked promis- 
ing in 1984, was beginning to weaken by 
yearend 1985 as domestic drilling slowed in 
response to lowered world oil prices. De- 
mand for bauxite-based refractories by the 
steel industry, the principal user, exhibited 
no improvement during the 12-month peri- 
od and characterized the flat or downward 
trend in consumption of all specialty baux- 
ites. 
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Table 7.—U.S. consumption of bauxite, by industry 
(Thousand metric tons, dry equivalent) 


Industry Domestic Foreign Total? 
1984: 
Alumina s co ee Se d EL ee 72A 8,741 9,465 
Abrasive: caor ↄ ˙ Q e rom ⁊ð K m mm w a Lie Le W w 328 
Chemical- 23 5c oe ee es es diee ge 339 3268 251 
Refractory- ⁰⁰¹ ero he ee S "S M Ka 
Eeer dere dpd 
Fee tee Sk a aa d anla aa 977 9,542 10,519 
1985: 
EI cuc eA SAS a a ea ee dre 664 6,555 7,219 
Abrasive Lei eel ote ree e ate tk cit eh 8 W 305 
Chemical o st oe et ee a AE 330 3244 219 
8 ———Ó————————— M mt n 1 u Ki Yt 
"T AN ERR RON D RR Me es A k ⁵²¼m os re neta ae 
Totalt f deet IE ys D a eg a 868 7,338 8,206 


W Withheld to avoid disclosing company proprietary data; included with “Chemical” or “Total.” 
Data may not add to totals shown because of independent rounding. 

Includes consumption by Canadian abrasive industry. 

Includes Other. 


Table 8.—U.S. consumption of crude and processed bauxite 
(Thousand metric tons, dry equivalent) 


Domestic Foreign 
Type origin origin Total? 

984: 
Crude and dried `. 826 9,007 9,833 
Caleined and activated ________________ ~~ ee 151 535 686 
Total S hu oic raum ecu aded cea Ee 977 9,542 10,519 

985: 
Crude and dried ~_a- 729 6,797 7,526 
Calcined and activated _________________ ~~ ee et 140 541 680 
RK LEE 868 1,338 8,206 


Data may not add to totals shown because of independent rounding. 


Table 9.—Production and shipments of selected aluminum salts in the United States, 


in 1984 
Total shipments 
including interplant 
Number jks ation transfers 
H, (thousan antit 
Item producing metric SE d Value 
plants tons) sand (thou- 
metric sands) 
tons) 
Aluminum sulfate: 
Commercial and municipal (17% All... 62 1,025 946 $120,371 
Iron-free (17% AlgOs) `. 19 103 85 10,711 
Aluminum chloride: 
Liquid and crystal (32° Be bv 3 6 W W 
Anhydrous (100% AlCls) 2... ~~ Le 4 19 W W 
Aluminum fluoride, techniſaaalllCCCcckkclls - 4 W W W 
Aluminum hydroxide, trihydrate (100% A1303*3H30).. ___ 1 609 612 161.573 
Other inorganic aluminum compounds! XX XX XX 59,553 


W Withheld to avoid disclosing company proprietary data. XX Not applicable. 
! Includes sodium aluminate, light aluminum hydroxide, cryolite, and alums. 


Source: Data are based upon Bureau of the Census report Form MA-28A, "Annual Report on Shipments and 
Production of Inorganic Chemicals.” 
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Table 10.—Stocks of bauxite in the United 
States, December 31 


(Thousand metric tons, dry equivalent) 


Sector 1984 1985 

Producers and processors 1499 413 

CC eee ee 74.382 3,431 

Government 17,338 18,357 

vr, TEEN 122,219 22.201 
"Revised. 


Domestic and foreign bauxite; crude, dried, calcined, 
activated; all grades. 


167 


Table 11.—Stocks of alumina in the United 
States,’ December 31 


(Thousand metric tons, calcined equivalent) 


Sector 1984 1985 

pni d es 

Total® __________________ 1,714 1,632 
"Estimated. 


1Excludes consumers’ stocks other than those at pri- 
mary aluminum plants. 


PRICES 


Metal grade bauxite is rarely traded on 
world commodity markets, and sales of 
metal grade calcined alumina are equally 
limited. Neither the inter- and intra- 
company long-term sales contracts nor the 
government-to-company contracts normally 
are made public. A few trade journals quote 


The average value in 1985 of domestic 
crude bauxite shipments, f.o.b. mine or 
plant, was estimated by the Bureau of 
Mines to be $16.53 per ton. The average 
value of calcined domestic bauxite was esti- 
mated to be $113 per ton. Base prices quoted 
by principal sales agents for imported cal- 
cined refractory grade bauxite ranged from 


$117 to $145 per ton, f.o.b. barge, Louisiana, 
for Chinese material, 85% AlO, typical. 
Guyana refractory bauxite, minimum 86% 
Al,O;, ranged in price from $154 per ton in 
January to $168 in December, f.o.b. car, 
Baltimore, MD, or f.o.b. barge, Burnside, 
LA. In each case, adjustments were applied 
to the base price for various grain-size 
specifications, size of order, and fuel cost 
factors. 

The estimated average value of ship- 
ments of domestic calcined alumina was 
$179 per ton. Trade data of the Bureau of 
Census indicated an average value of $203 
per ton, f.a.s. port of shipment, and $215 per 
ton, c.i.f. U. S. ports. 


Table 12.—Average value of U.S. imports of crude and dried bauxite’ 


(Per metric ton) 
1984 1985 

Country Port of Delivered to Portof Delivered to 

shipment U.S. ports shipment U.S. ports 

(f. a. s.) (e. i. f.) (f. a. 8.) (e. if. 

To U.S. mainland: 

Australi. ont oot ee Se LL Mira $14.76 $23.70 $14.72 $23.35 
E ENEE EE 28.34 38.4 30.27 39.53 
Günes doo . Ee t eva 28.85 36.42 29.76 86.26 
GUYS n unen 36.30 52.11 42.40 54.31 
11111171 ³˙ A 31.44 36.91 30.81 35.09 
Suriname. ⁰·w m aera aie te tes 22 48. 37. 48.26 
Weighted average 29.79 36.99 28.95 35.72 


‘Computed from quantity and value data reported to U.S. Customs Service and compiled by the Bureau of the Census, 
US. Department of Commerce. Not adjusted for moisture content of bauxite or differences in methods used by importers 


to determine value of individual shipments. 


Table 13.—Market quotations on alumina and aluminum compounds 
(Per metric ton, in bags, carlots, freight equalized) 


Compound 


Aluminum sulfate, commercial, ground (17% AlaO) — 
Aluminum sulfate, iron-free, dry (17% Al303) - -------- 


— — — — mm — mm men zm — emm —— 


— m ep mm we me t —— em vm em ms 


Dec. 31,1984 Dec. 30, 1985 
532 ͤ Ä $418.88 $418.88 
RC Eu mde. EE 209.44 209.44 
2 ͤ SPENDEN 905.00 905.00 
JJ cena tense 8 259.04 259.04 
439.82 439.52 


Source: Chemical Marketing Reporter. 
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FOREIGN TRADE 


Of the 7.9 million tons of crude and dried 
bauxite imported by the United States, 
Guinea supplied 47%; Jamaica, 29%; Aus- 
tralia, 10%; and Brazil, 7%. Although im- 
ports from Australia increased, compared 
with receipts in 1984, the quantity was not 
sufficient to offset the decline in imports 
from Brazil, Guyana, Jamaica, and Suri- 


name. 

China was the leading supplier of calcin- 
ed refractory grade and abrasive grade 
bauxite imports, although a portion of the 
refractory bauxite was delivered to the NDS 
under a GSA purchase contract. Calcined 
abrasive grade bauxite imports from Aus- 
tralia were nearly the same as those of 
1984. Guyana supplied a small amount of 
abrasive grade bauxite to the United States 
while imports from China more than dou- 
bled over those of 1984. Fused crude alumi- 
num oxide, produced in Canada from calcin- 
ed abrasive grade bauxite, was shipped to 
U.S. plants for the manufacture of abrasive 
and refractory end products. 


Australia supplied 76% of the alumina 
imported for consumption and Jamaica, 
Suriname, and Canada, in order of decreas- 
ing quantities, accounted for most of the 
balance. Supplies from each of the four 
major source countries declined from the 
1984 level. 

Exports of dried bauxite totaled 31,819 
tons, of which 59% was shipped to Canada 
and 3796 to the Federal Republic of Ger- 
many. Of the 24,274 tons of calcined bauxite 
exported during the year, Mexico received 
84%; France, 11%; and Canada, 5%. Ex- 
ports of alumina dropped by 50% compared 
with 1984 exports, primarily as a result of 
reduced shipments to Norway. Canada and 
Mexico received about 72% of the exports. 
Other aluminum compounds exported in- 
cluded 5,700 tons of. aluminum sulfate, 
11,100 tons of aluminum oxide abrasives, 
and 32,400 tons of unclassified aluminum 
compounds, including aluminum fluoride 
and synthetic cryolite. 


Table 14.—U.S. exports of alumina,’ by country 
(Thousand metric tons, calcined equivalent, and thousand dollars) 


1983 1984 1985 
Country 
Quantity Value Quantity Value Quantity Value 
Argentina wl 469 1 558 (7) 455 
Belgium-Luxembourg -----.---- 1 3,138 2 2,616 2 2,369 
Brasil EE 21 5,881 CH 268 1 821 
Canada - -- -------~--------— 25 9,664 80 37,238 132 185 
M ee ee 8 8,414 2 8,412 1 2.717 
Germany, Federal Republic off 3 ,086 3 6,008 4 6,732 
Ghanas 19 8,173 m S: "m m 
Japan 2 686 8 8,064 1 2,515 
Mexico 99 29,697 111 33,376 104 29,115 
Netherlands 2 2.690 11 4.017 8 4.021 
Norwayõy r ---_ 265 59,794 869 81,228 45 7,417 
weden 98 14.147 60 10.350 22 2.966 
United Kingdom 4 4.195 8 4.014 3 5,361 
Venezuelas 52 287 4 2,833 1 1,192 
Ba tah ccm ek DP EU 8 12,588 10 15,127 1 12,967 
/ ——TT—T——— 602 181,920 659 209,110 327 114,833 
‘Includes exports of aluminum h xide 3 equivalent) as follows: 1983—8,100 tons; 1984—13,100 tons; and 
1985— 16,700 tons, and aluminum 
Less than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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Table 15.—U.S. imports for consumption of bauxite, crude and dried,“ by country 


(Thousand metric tons) 
Country 1983 1984 1985 

7 2b ³⁰ r a eee eee == 560 829 
Dral ee 556 7 560 
Guiné p ̃ p mae c EE Ee 8,600 8,718 8,162 
e TEE 167 225 
Jamaica? EE 8,086 T4. 559 2,825 
e,, ... 22 e 56 
Suriname |... Lac mccum 239 176 
[0 TEE NE CE m 4 15 20 

e VT EE 7,601 710,228 1,944 


TRevised. 

‘Includes bauxite imported to the U.S. Virgin Islands from foreign countries. 
*Dry equivalent of shipments to the United States. 

*Data may not add to totals shown because of independent rounding. 


Note: Total U.S. imports of crude and dried bauxite (including the U.S. Virgin Islands) as reported by the Bureau of the 
Census were as follows: 1983—7,908,202 tons; 1984— 10,436,135 tons; and 1985—7,257,840 tons. by 


Source: Bureau of the Census. 


Table 16.—U.S. imports for consumption of calcined bauxite, by country 
(Thousand metric tons and thousand dollars) 


1984 1985 
Country Refractory grade Other grade Refractory grade Other grade 
Quantity Value? Quantity Value? Quantity Value! Quantity Value? 
Australia 0 281 24 2,928 25 — 28 8,705 
China uoo 8 78 7.428 18 1,889 169 18,131 41 2,077 
Guyana 110 14,768 Si us 102 12,402 4 
Surinam 1 154 ($ 4 ($ 8 à 11 
Other Sc SS (9$ 56 hl 4 (*) 92 
Total! tee Sc 190 22,626 42 4,877 272 25,546 69 6,424 
1Value at foreign port of shipment as reported to U.S. Customs Service. 
Les than 1/2 unit. 
Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 17.—U.S. imports for consumption of alumina, i by country 
(Thousand metric tons, calcined equivalent, and thousand dollars) 
is 1983 1984 1985 
Quantity Value? Quantity Value? Quantity Value? 
Australia 3,049 544,822 8,065 593,722 8,014 564,261 
Bran... ore maceexe 8 1,565 7,123 50 10,142 
CW nada 1 67,762 204 91,603 177 76,183 
|j, Per Ses —— 10,982 9 14,455 7 11,968 
Germany, Federal Republic of 18 15,797 20 ,080 18 19,480 
Jamaica. 87,978 572 125,974 872 66,171 
rr 7.927 3 680 4 4.918 
Suriname .. „ 318 59,225 392 15,817 326 949 
Venezuela _____-.__________ 4,394 116 158 chus Ge 
Other AAA Low e 24 11,078 55 25,253 11 18,640 
TOP oe eho s 4,080 811,021 4,466 976,364 8,979 809,664 


! Includes imports of aluminum hydroxide, crude aluminum oxide, and refined and ground aluminum oxide. 
*Value at foreign of shipment as reported to U.S. Customs Service. 
*Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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WORLD REVIEW 


World production of bauxite by 23 coun- 
tries totaled 85 million tons in 1985. Austra- 
lia, Brazil, Guinea, and Jamaica, as in 1984, 
contributed about 68% of the world total, 
and these four countries also supplied about 
94% of the U.S. crude and dried metal 
grade bauxite imports. Three of the world’s 
25 alumina-producing countries, Australia, 
the U.S.S.R., and the United States, ac- 
counted for nearly 50% of the 31.9 million 
tons of alumina produced. 

In November, members of the Interna- 
tional Bauxite Association (IBA) recom- 
mended minimum prices for bauxite and 
alumina. In 1986, the minimum for metal 
grade bauxite was to be 2.5% to 3.5% of a 
reference price for 99.5% primary alumi- 
num ingot. The reference market price of 
metal was to be derived by using an average 
of spot prices and long-term prices from 
West European and U.S. markets. The min- 
imum price range proposed for cell-grade 
alumina was 12% to 16% of the primary 
ingot price. 

Australia.—Despite a sluggish year for 
the world aluminum industry, Australia 
increased bauxite production to 32.4 million 
tons from 32.2 million tons the previous 
year. Alumina production remained at 
about the same level as that of 1984. In 


Queensland, Comalco Ltd. produced 7.6 mil- 


lion tons of bauxite at its mining operations 
at Weipa. The calcining units at Weipa 
operated at about 86% of capacity, and the 
company shipped 230,000 tons of calcined 
abrasive grade bauxite. Reportedly, Comal- 
co filed for a patent covering a new synthet- 
ic proppant with better physical charac- 
teristics than those of proppants currently 
produced from calcined bauxite. 
Queensland Alumina Ltd. (QAL)—owned by 
Comalco (30.3%), Kaiser (28.3%), Alcan 
Australia Ltd. (21.4%), and  Pechiney 
(20%)—produced 2.1 million tons of alumi- 
na at the Gladstone, Queensland, refinery. 
QAL reduced production in April, but 
announced it was restarting the idle third 
unit during the last quarter of the year in 
order to meet commitments. At the Gove, 
Northern Territory, mine and refinery of 
Nabalco Pty. Ltd. (a Swiss Aluminium Ltd. 
Subsidiary) bauxite production was 5.88 
million tons, and alumina production, 1.26 
million tons—both close to the 1984 output. 
More than one-half of the bauxite mined 
was locally processed into alumina. 


Alcoa of Australia Ltd. announced that 
alumina production at its 1.4-million-ton- 
per-year Kwinana refinery in Western Aus- 
tralia would be reduced in the fourth quar- 
ter to an operating rate of about 70% of 
capacity. Production at the company's Pin- 
jarra and Wagerup refineries was not af- 
fected, and Alcoa's total production for the 
year in Western Australia was 15.1 million 
tons of bauxite and about 4.6 million tons of 
alumina. Production by Worsley Alumina 
Pty. Ltd., owned by Reynolds Alumina 
Australia Ltd. (40%), Shell Co. of Australia 
Ltd. (80%), BHP Minerals Ltd. (20%), and 
Kobe Alumina Associates (Australia) Pty. 
Ltd. (10%), totaled 3.3 million tons of baux- 
ite and 1.0 million tons of alumina. The 
Boddington gold deposit, discovered by the 
Worsley Alumina group during develop- 
ment of its bauxite reserves, reportedly 
could become one of Australia's major gold 
mining operations. Initial plans call for the 
annual production of more than 5,000 kilo- 
grams of gold per year. The company was 
reported to be awaiting approval of various 
permits after having been granted an envi- 
ronmental permit. 

Brazil.—The 1985 bauxite production was 
about 6.7 million tons for this country 
controlling 10% of the world's bauxite re- 
serves. Alumina production was approxi- 
mately 1.0 million tons. Shell Brasil S.A. 
planned to invest $33 million in an expan- 
sion of the Aluminio do Maranhão S.A. 
(ALUMARB) refinery and primary smelter 
project at Sáo Luis, in which the company 
held a 2996 interest. The two other partners 
in ALUMAR were Alcoa Alumínio S.A. and 
Camargo Correa S.A. Bauxite was supplied 
to the 500,000-ton-per-year alumina plant 
from the Trombetas Mine under a contract 
with Mineração Rio do Norte S.A. (MRN), a 
consortium owned 46% by Cia. Vale do Rio 
Doce (CVRD) and a group of North Ameri- 
can and West European companies. MRN, 
Brazil's only exporter of bauxite, produced 
and shipped an estimated 4.1 million tons of 
ore. Át yearend, when the $28.50 per ton 
base price for Trombetas bauxite was due to 
expire, the Government, MRN, and its cus- 
tomers were negotiating to set a new con- 
tract price. Also in December, the 32 Japa- 
nese companies holding an interest in the 
Nippon Amazon Aluminium Co. (NAAC) 
postponed their decision for the third time 
on whether or not to proceed with the 
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construction of the 800,000-ton-per-year 
Alumina do Norte do Brasil S.A. (ALU- 
NORTE) alumina plant adjacent to the 
Aluminio Brasileiro S.A. (ALBRAS) pri- 
mary aluminum smelter that started pro- 
duction earlier in the year. ALBRAS had 
signed contracts with the Suriname Alumi- 
num Co. and Venezuela’s Interamericana 
de Alamina C.A. (INTERALUMINA) refin- 
ery to supply the smelter with alumina 
until 1990. 

China.—The Government was reported to 
have signed an agreement calling for Pechi- 
ney of France to provide technical assist- 
ance for the Hejin alumina plant currently 
under construction in Shanxi Province. The 
refinery is expected to achieve the designed 
annual production rate of 660,000 tons by 
1990. In 1985, bauxite deposits in Shanxi 
Province were reported to contain about 
30% of China’s resources. Contracts with 
foreign companies were being sought by the 
China National Nonferrous Metals Industry 
Corp. for the development of a number of 
mineral projects, including a mine, a 
300,000-ton-per-year alumina plant, and a 
100,000-ton-per-year primary aluminum 
smelter in Pingguo County, Guangxi 
Zhuang Autonomous Region. The $800 mil- 
lion vertically integrated project was plan- 
ned to utilize power from a hydroelectric 
project on the Hong Shui River. 

Ghana.—After the rebuilding of the rail- 
road between the Awaso bauxite mine and 
the shiploading facilities at Takoradi on the 
coast was completed early in the year, ore 
production rose to 124,000 tons, a substan- 
tial increase over 1984 output, although 
considerably below the mine’s annual ca- 
pacity of 300,000 tons. 

Greece.—The state agency, Hellenic Alu- 
minium Industry S.A., responsible for the 
planned 600,000-ton-per-year alumina plant 
project, signed contracts under which the 
U.S.S.R. agreed to provide equipment and 
services for the construction of the plant 
and to buy 380,000 tons per year of the 
alumina produced for a period of 10 years. 
The foundation work for the plant had been 
started at Agia Efthimia, on the Gulf of 
Corinth, and the project was expected to 
take more than 4 years to complete. 

Guinea.—Production from the three 
bauxite mines in Guinea was 13.1 million 
tons, with Compagnie des Bauxites de 
Guinée (CBG) contributing about 8.5 million 
tons of the total. Alumina production by the 
Frialco Co. was about 580,000 tons. Halco 
(Mining) Inc., 51% owner of CBG, continued 
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discussions into December in an effort to 
persuade the Government of Guinea to 
reduce the $13 per ton levy currently 
imposed on Halco’s bauxite production. 
Guyana.— After 2 years in which bauxite 
production was slightly above 1 million 
tons, 1985 output increased to nearly 1.7 
million tons. The U.S. firm, Green Con- 
struction Co., continued overburden remov- 
al under Government contract. No alumina 
was produced at the Linden refinery, which 
has remained dormant since it closed in 
1982. However, Guyana entered negotia- 
tions during the year with the German 
Democratic Republic and a Brazilian com- 
pany in a plan to reopen the 355,000-ton- 
per-year alumina plant. Estimated costs 
were reported to be between $12 and $20 
million. Loans were being sought from the 
International Bank for Reconstruction and 
Development and from the European Eco- 
nomic Community to improve all areas of 
the country's bauxite and alumina industry. 
Guyana reported that it had reached an 
agreement to sell bauxite to the U.S.S.R. 
from 1986 through 1993. The final contract 
was to be signed early in 1986 and no terms 
or prices were announced in advance. In 
another agreement, the Bauxite Industry 
Development Co. (BIDCO), Guyana's state- 
owned sales organization, signed a 5-year 
contract with Reynolds International Ser- 
vices Inc., in which Reynolds was to serve as 
a consultant to BIDCO in technical, produc- 
tion, and marketing areas of the bauxite 
and alumina operations through 1989. 
Hungary.—Bauxite production for the 
year was about 2.8 million tons, and alumi- 
na output was reported to be 801,000 tons. 
In November 1985, Hungary opened the 
Fenyoefoe No. 1 bauxite mine after 4 years 
of development and construction. At the 
deeigned production capacity of 650,000 tons 
per year, the reserves were expected to be 
depleted in approximately 40 years. About 
70% of the ore production was to come from 
underground workings and the balance 
from open pit operations. Most of the output 
was expected to be processed at the Almas- 
fuezitoe alumina plant. Production also 
started at Tatabanja's Nagyegyhaza bauxite 
mine in mid-1985. The open pit operation 
was expected to produce 150,000 tons by the 
end of the year, and 1986 production was 
scheduled to reach 350,000 tons. By 1987, 
after the underground operations started, 
output of 500,000 tons per year was plan- 
ned. Ore from this mine was also to be 
processed at the Almasfuezitoe refinery. 
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India.—Bauxite production for the year 
was reported to be 2 million tons, and 
alumina output was about 560,000 tons. A 
substantial escalation in cost resulted from 
the delay in commissioning the Bharat 
Aluminium Co. (BALCO) bauxite mining 
project in Orissa. Officials associated with 
the project reported that instead of the 
planned May 1985 startup, the operation 
was expected to open in mid-1987. The 
Government of India approved new regula- 
tions to facilitate exports of bauxite and for 
the fiscal year 1986, exports totaling 400,000 
tons of ore were scheduled. The U.S.S.R. 
agreed to provide both technical and finan- 
cial help to India to assist in the bauxite 
and alumina project at Vishakapatnam. 
The project was to include a bauxite mine 
and refinery in Andhra Pradesh and a 
refinery in Orissa. Completion of the 
800,000-ton-per-year facility in Orissa was 
scheduled for 1987 when the U.S.S.R. plan- 
ned to start its annual purchases of 1 mil- 
lion tons of bauxite and 200,000 tons of 
alumina. The National Institute of Science, 
Technology, and Development issued a re- 
port recommending that India should devel- 
op Middle East alumina markets with 
smelters in Algeria, Bahrain, Dubai, Egypt, 
Iran, and Libya rather than increase its 
bauxite exports. The report noted that Chi- 
na could be a major potential market for 
India's aluminum industry after NAAC's 
new plant starts production in 1987. 

Jamaica.—Bauxite production of 6.2 mil- 
lion tons and alumina production of 1.6 
million tons were both lower than in 1984. 
When Alcoa closed its Claredon alumina 
plant for an indefinite period in February, 
the Government of Jamaica entered into 
negotiations with the company to bring the 
plant back into production. A 2-year con- 
tract was signed in which Alcoa was to 
operate the plant as a contractor to Clar- 
endon Alumina Production Ltd., a newly 
formed state-owned company, and the refin- 
ery was reopened in August. Jamaica was 
reported to have found customers for the 
200,000 tons of alumina produced during 
the balance of 1985 and was optimistic that 
500,000 tons of the plant's 800,000 tons of 
annual capacity could be placed through 
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European and Soviet sales in 1986. Kaiser 
and Reynolds Metals Co. bought out ARCO 
Metals Co.'s 27% share in the Alumina 
Partners of Jamaica (Alpart) refinery in 
mid-August and 2 weeks later announced 
the closing of the 1.3-million-ton-per-year 
plant. 

Japan.—Alumina production in 1985 was 
reported to be 978,000 tons, the lowest since 
1982. Sumitomo Aluminium Smelting Co. 
Ltd. announced that it was selling part of 
its 770,000-ton-per-year Kikumoto alumina 
plant to Sumitomo Chemical Co. and per- 
manently closing down the major part of 
the facility. High operating costs were cited 
as the principal reason for the decision. 
Mitsui Aluminium Co. Ltd. closed its 
400,000-ton-per-year Kitakyusha alumina 
plant after reaching an agreement with 
Nippon Light Metal Co. Ltd. to refine, 
under a tolling arrangement, the bauxite 
Mitsui had contracted to buy from Gove 
Alumina Ltd., Northern Territory, Austra- 
lia 


Venezuela.—With initial funds allocated 
in 1984, C.V.G. Bauxita Venezolana C.A. 
(BAUXIVEN) began work in January 1985 
on the development of the $360 million Los 
Pijiguaos bauxite mining project. Addition- 
al funding through a $108 million loan was 
approved by the Inter-American Develop- 
ment Bank late in 1985. In the first stage of 
development, the mine was to have an 
annual capacity of 3 million tons, and provi- 
sion was made in the design of the mine and 
ore transport systems to expand output to 5 
million tons per year. The first ore was 
expected to be barged down the Orinoco 
River to the INTERALUMINA plant at 
Puerto Ordaz in 1987, raising Venezuela's 
aluminum industry to a fully integrated 
status. The alumina plant was supplied 
with bauxite imported from Brazil, Guyana, 
Sierra Leone, and Suriname in 1985. Plans 
were reportedly under discussion for the 
expansion of the INTERALUMINA refin- 
ery by 300,000 to 500,000 tons per year to 
satisfy proposed increased capacity in the 
country's two primary aluminum smelters. 
In 1985, approximately 360,000 tons of alu- 
mina was exported and the balance of 
INTERALUMINA's 1.085-million-ton out- 
put was supplied to the local smelters. 
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Table 18.—Bauxite: World production, by country! 


(Thousand metric tons) 
Country 1981 1982 1983 1984° 1985° 
Astle Jada usa enel E or m tcr d 25,441 23,625 24,372 $2,182 32,400 
deere . pq pis 5,110 6,289 1.199 6,433 6,650 
Z 22 ˙ ek 1.500 1.500 1.600 1.600 1.650 
Dominican Republic? ___ ___ _ N. 457 141 : - 
COUTE THAN EN 1,827 1,662 1,663 1,607 31,484 
Germany, Federal Republic off (*) (*) (*) (*) (*) 
io qu SS ER 222 . 181 64 10 115 124 
rr 3.216 2.85 2.455 2.296 2.500 
Tu mee eg — agi E 11,112 11,827 12,42 13,160 13,100 
— Se Eee mmn 1,681 1,783 1,087 1,333 1,675 
„ 427 377 7 i 

reer 2.914 2.627 2.917 2.994 32,815 
. C eS 1,923 1,854 1,923 1,994 32 038 
UT ee META Y Tag REL ee eee 1,203 700 778 1,003 3830 

MEME LL Ls inks sn ai 19 23 23 (7) 
Jamaica? * egent he rte sa Re MU 11,682 8,361 7,683 8,134 6.239 
r == 701 589 502 680 540 
ee E e ZK NE POS de 2 T4 3 3 2 
Nn pr ter 3712 680 650 620 600 
Sierra Leone Wt Seneca *610 631 185 1,000 800 
rr epa ttti 9 T 5 7 7 
e ä ee 74.006 14.205 3,400 3,454 3,000 
.. ee ee e 1590 508 306 132 132 
ee, K pe" 4,600 4,600 4,600 4,600 4.600 
eee et e vg Ven 1,510 732 679 856 3674 
e e we qe mu cim 3,249 3,668 3,500 3,347 33,250 
Dee 5 ^ 23 23 23 
Toll. he, ³¹A eed T85.347 779,318 18,644 88,173 85,133 


iTable includes data available through July 8, 1986. 
*Dry bauxite equivalent of crude ore. 


Reported figure. 

585 of by d lan 
uxite equi t of ore processed by drying plant. 

*Shipments. 


Revised to zero. 

*Bauzite processed for conversion to alumina in Jamaica plus kiln-dried ore prepared for export. 

*In addition to the bauxite reported in the body of the table, the U.S.S.R. produces nepheline syenite concentrates and 
alunite ore as sources of aluminum. Estimated nepheline syenite production was as follows, in thousand metric tons: 
1981— 2,500; 1982—2,500, 1983— 2,500; 1984—2,500; and 1985—2,500. Estimated alunite ore production was as follows, in 
thousand metric tons; 1981—605; 1982—610 (revised); 1983—615; and 1984—615. Nepheline syenite concentrate grades 
25% to 30% alumina, and alunite ore grades 16% to 18% alumina; these commodities may be converted to their bauxite 
d eng by using factors of 1 ton of nepheline syenite concentrate equals 0.55 ton of bauxite and 1 ton of alunite equals 

ton uxite. 


Table 19.—Alumina: World production, by country? 


(Thousand metric tons) 

Country 1981 1982 1983 1984” 1985* 
Australien 7.079 6,631 7,231 8,781 38,792 
Brasil a oe ⁵⅛˙ •mmꝛĩĩ ð 787 1 1,000 
seg TEE 1,208 1, 127 1.116 1.126 1.020 
Gn LL LL LLL LL LLL LLL LuL 150 825 
Czechoslovakia! __._.._______________. T90 780 180 785 85 
La ⅛¼⅛mmsjsirxßâ G ee Se oe ee 1,095 960 853 898 875 
German Democratic Republica 46 42 43 44 
Germany, Federal Republic ot... 1,651 1,510 1,580 1,701 1,700 
Gresce co — — - -~ ee me Ems 494 404 410 482 500 
Ginen - - - ----__________________ 608 549 583 508 580 
EEN 157 73 A" PM Á 
Hun lee 792 710 836 811 *801 
11. tuectacdumuecm 600 500 450 560 560 

%%. RR MG A 66 653 560 
)))! ess LL LL LE 786 698 466 607 3555 
Jama ee 2,556 1,758 1,851 1,749 1,622 
i SE idea aN RGA CRNA EU TERR CN 1,944 959 1,065 1,172 4978 
Romanian 514 512 510 480 
San „ͤł„ãũ „„ 695 1673 137 742 725 
Suriname 1,165 1,055 1,129 1,208 1,000 
N 88 131 57 75 6 


See footnotes at end of table. 
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Table 19.—Alumina: World production,' by country? —Continued 
(Thousand metric tons) 
Country 1981 1982 1983 1984P 1985* 
USSR? semet 8 2,800 3,000 3,200 3,300 8,500 
United KRingdomIP k 90 88 93 105 100 
United States 5.960 4.130 4.000 14,545 3.465 
Venezuelan oo nal cu aulcm 8 zu "t 560 1.139 1.085 
Ni ( exe ME Ie 1.037 1,017 1,010 €1,000 1,000 
Total ou durus t uer E IM 732.070 127,972 29,514 33,491 31,928 
*Estimated. Preliminary. "Revised. 
Figures presented generally represent calcined alumina; exceptions are noted individually. 
Table includes data available through July 8, 1986. 
3Reported figure. 
*Calcined alumina, plus calcined alumina equivalent of alumina hydrate. 
Table 20.—World annual alumina capacity, by country 
(Thousand metric tons, yearend) 
Country 1983 1984 1985 
RE TEE 7,910 9,750 9,750 
Brazil 22h cuoi 2 ee es ß ea eae 650 1,150 1,150 
LTE, TEE 1,225 1,225 1,225 
C;·;’z ⁰ͥõͥã ys ð d Ie hs y 850 850 850 
Czechoslovakia P Pꝛ ~~~ ___ eee 100 100 100 
LEE 1,320 71,060 1,060 
German Democratic Republic OO 65 65 65 
Germany, Federal Republic of - - --- ----------------------—-- 1,745 1,745 1,745 
JJ) LLL eu ek ee te i ae De A D UE 900 
U does ⁵ u1 unc Lr rad E oe 700 700 700 
LE c acum Dai ha y RC DL a, 355 355 355 
Il eu lud. NL Luc eue aue y ui mS estet 895 895 895 
/ Ls mL pero a E eS 675 675 675 
TN, e Sh ek a CST PRECES east ote 800 800 800 
Haly c ee ER e ee 920 920 920 
lf ³˙i¹A A ͤ ³⁰ͤii icu ev amm vee as net 2,825 2.825 2,825 
lll! 8 2.615 72,390 1,605 
U NN ECC PER OMNES Een 540 540 540 
PAIN euch E A ecce J cid Li ete M 800 R00 800 
Suriname v r ncm e eeneg 1,350 1,350 1,350 
KEE () (3) KS 
SKI EE EEN 200 200 200 
PV! ae eA at ⁰⁰mm EE 4,500 4,500 4,500 
United Kingdom... uuu umm ³oðᷣ ð x ae mE sd 140 140 140 
United States ĩ /// dq P 7,145 6,345 4,410 
KEE 1,000 1,000 1,000 
Yugoslavia: oc rule ec ⅛ y etek de e 1,635 1,635 1,635 
TEE 14 1.460 742.515 39,795 
"Revised. 
Revised to zero 


TECHNOLOGY 


The Bureau of Mines continued research 
on recovery of alumina from kaolinitic clay 
using hydrochloric acid. Because the calcin- 
ing of the clay was estimated to consume 
about 12% of the total energy required to 
produce alumina, the Bureau examined di- 
rect pressure leaching of uncalcined clay as 
a possible means of reducing processing 
costs. Alumina extraction in excess of 90% 
was achieved at digestion temperatures 
ranging from 108' C to 225' C; however, 
some problems in filtering were encount- 


ered.‘ A technique was developed by the 
Bureau to dewater the red mud waste 
residue generated by Bayer process alumina 
plants. À red mud slurry sample from the 
processing of Jamaican bauxite was diluted 
to 10% from 20% solids and treated with a 
mixture of two commercial anionic, high- 
molecular-weight, polymer flocculants. The 
red mud and flocculants were mixed in a 
baffled vessel that discharged the flocculat- 
ed slurry into a stainless steel trommel 
where the material was dewatered to a den- 
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sity of 27% solids. After 15 days of draining 
in a screen-capped column, the solids con- 
tent increased to more than 40%. 
Laboratory and pilot plant research on 
the use of Jamaican clay and red muds from 
local alumina plants to produce cerami 
products was described.* The author esti- 


ods of disposing of this growing environ- 
mental problem must be found. Red mud 
from three different Bayer plants in Jamai- 
ca was blended with local clay, granulated 
in a heated atomizer, and preesed into tiles 
prior to firing at 1,180* C to 1,190" C in a 
kiln. The tests indicated that the ceramic 
products could have a content of more than 
50% red mud. 

Beneficiation of Guyana bauxite by wash- 
ing to reduce total silica (SiO,) content to 
4.5% or less traditionally has resulted in 
the loas of 8096 to 50% of the crude ore. The 


175 


Staff of Guyana Mining Enterprises Ltd. 
reported that froth flotation with carefully 
controlled pH limits could selectively recov- 
er a high-alumina, 2.5% SiO,, 0.7% Fe, O. 
concentrate from the plus 325-mesh fraction 
of the washer tailings. Such a concentrate 
was considered acceptable as chemical- 
grade bauxite or, after additional process- 
ing, as premium-grade calcined refractory 
bauxite.” 


Physical scientist, Division of Nonferrous Metals. 
*Mineral data assistant, Division of Nonferrous Metals. 
All quantities in this chapter are given in metric tons 
unless i ified. 
“Sawyer, D. L., Jr., and T. L. Turner. Pressure Leaching 
Alumina From Raw Kaolinitic Clay Using Hydrochioric 
Acid. BuMines RI 8978, 1985, 20 pp. 

Hood. G. D., G. M. Wileman, D. A. Stanley, and B. J. 
Scheiner. Dewatering of Red Mud. Paper in Recycle & 
Secondary Recovery of Metals, ed. by P. R. Taylor, H. Y. 
Sohn, and N. Jarrett. Metall. Soc., AIME, Warrendale, PA, 


1985, pp. , 
F. New Possibilities for the Utilization of Red 
Mud From Alumina Refineries. Int. Bauxite Assoc. Q. 
Rev., v. 10, No. 3, Jan.-Mar. 1985, pp. 25-27. 
i S. A., K. Husain, and N. Liu. Beneficiation of 
Beuxite Taili Paper in Light Metals 1985, ed. IE O. 
Bohner. Metall. Soc. AIME, New York, 1985, pp. 17-30. 
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Beryllium 


By Deborah A. Kramer’ 


The United States continued to be the 
leading world producer of beryllium ores 
and the leading producer and consumer of 
beryllium metal, alloys, and oxide. How- 
ever, weak demand in the electronics indus- 
try, especially for beryllium-copper alloys, 
contributed to a decrease in domestic beryl- 
lium consumption. As a result, U.S. mine 
production declined. moderately, and world 
production fell slightly. 

Beryl imports, mainly from Brazil, in- 
creased moderately from the low level in 
1984, and metal imports increased about 


150%. Exports of beryllium metal increased 
dramatically to over three times those of 
1984. 

Domestic Data Coverage.—Domestic pro- 
duction data for beryllium are developed by 
the Bureau of Mines from two separate, 
voluntary surveys of U.S. operations. Typi- 
cal of these surveys is the “Beryllium Min- 
eral Concentrate and Beryllium Ore" sur- 
vey. Of the 14 operations to which a survey 
request was sent, 13 responded, represent- 
ing 100% of the total mine shipments 
shown in tables 1 and 5. 


Table 1.—Salient beryllium mineral statistics 
(Short tons of beryllium metal equivalent unless otherwise specified) 


United States: 
Beryllium-containing ores: 


Mine shipment!!! 
Imports for consúmption, beryl? `... 


Price approxi ee 


*Estimated. Preliminary 
Based on a beryllium mets] equivalent of 4% in beryl. 


Legislation and Government Pro- 
grams.—The General Services Administra- 
tion added 30 short tons of beryllium metal 
to the National Defense Stockpile in 1985. 
At yearend, Government stocks were beryl, 
17,987 tons; beryllium-copper master alloy, 
1,387 tons; and beryllium metal, 290 tons. 
The National Defense Stockpile goals for 
these materials remained at 18,000 tons, 
7,900 tons, and 400 tons, respectively. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 


—— — — — — — — 2 — 


— — em mm gn emm zem em me mn mm — o ren — — em 


1981 1982 1983 1984 1985 
mut 293 218 267 241 230 
e 86 106 88 53 66 
aes 326 215 280 360 316 
ses $94 $121 $126 $88 $87 
zu 98 214 281 226 199 
m 424 360 898 P395 387 


essential civilian users during a military 
conflict that would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, 
beryllium would be categorized in tier II, 
and the goal would be 437 tons of beryllium 
metal equivalent. At yearend, this proposal 
was under consideration by the Congress. 
The Department of Defense Authorization 
Act, 1986 (Public Law 99-145), signed by the 
President on November 8, 1985, stated that 
no action may be taken before October 1, 
1986, to implement or administer any re- 
duction in a stockpile goal in effect on 
October 1, 1984. 77 
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The Environmental Protection Agency 
issued final regulations under the Clean 
Water Act for specified nonferrous metals 
manufacturing operations that limit the 
discharge of pollutants by existing and new 
operations into navigable waters and into 
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publicly owned treatment works. Daily and 
monthly average maximum effluent limits 
for beryllium varied according to type of 
manufacturing operation and effluent 
source. 


DOMESTIC PRODUCTION 


Shipments of beryllium ores declined 
slightly from those of 1984. Production of 
beryllium metal and beryllium oxide ce- 
ramic material increased slightly, but 
beryllium-copper master alloy production 
declined significantly. 

Brush Wellman Inc. remained the only 
major domestic producer of beryllium- 
containing ores. The company mined ber- 
trandite ore from its Spor Mountain, UT, 
open pit and processed the ore and imported 
beryl into beryllium hydroxide at its Delta, 
UT, mill. According to its annual report, 
Brush Wellman processed 95,000 tons of 
bertrandite ore and recovered 377,000 
pounds of beryllium contained in concen- 
trate. At yearend, the company's ore re- 
serves were estimated to be 5.65 million 
tons, with an average beryllium grade of 
0.2896, which is equivalent to 0.6496 berylli- 
um oxide. À small quantity of beryl also was 
produced domostically. 

Brush Wellman began excavation of two 
new pits at its Utah mine to develop re- 


serves. The project, expected to cost about 
$10 million, was scheduled for completion in 
1986. 

The Cabot Wrought Products Div. of Ca- 
bot Corp. produced beryllium-copper and 
other beryllium alloys at its Reading, PA, 
plant. In October 1985, Cabot announced 
that it would sell most of its alloys and 
metals facilities, including its beryllium- 
copper alloy sector, as part of a restructur- 
ing program. The divestiture reportedly 
would include beryllium-copper alloy facili- 
ties at Reading, PA, and Kokomo, IN, as 
well as the recently completed rolling mill 
at Elkhart, IN.* 

In November, Emery Energy Inc. acquir- 
ed Moody Beryllium Corp., which owned a 
deposit of beryllium ore near the Brush 
Wellman mine in Utah. Depending on the 
availability of financing, the company 
planned to develop the deposit, containing 
an estimated 500,000 tons of ore, grading 
0.6496 beryllium oxide. 


CONSUMPTION AND USES 


Beryllium consumption in 1985 declined 
from that of 1984, partially owing to a 
weakened demand in the electronics indus- 
try, a major consumer of beryllium-copper 
alloys. 

Copper-based beryllium alloys, containing 
0.5% to 2% beryllium, continued to be the 
most widely used beryllium products. These 
alloys were manufactured in a wide variety 
of shapes including bar, casting ingots, ex- 
trusions, plate, rod, strip, tube, and wire. 
Although properties differ depending on the 
alloy composition, they normally include 
high electrical and thermal conductivities 
and high resistance to corrosion, wear, and 
fatigue. Beryllium-copper alloy strip was 
used primarily to produce small parts for 
electronic and electrical applications by 
high-speed stamping methods. These parts, 
which include connectors, springs, and con- 
tact parts, were used in automotive, aero- 
space, radar, and telecommunications sy- 
stems. Large-diameter beryllium-copper al- 
loy rod and tube were used in oil and gas 


exploration equipment, marine equipment, 
and industrial equipment. Specific applica- 
tions of the large-diameter products include 
drill collars, instrument housings, housings 
for undersea communications signal boost- 
ers, and heavy load bearings and bushings. 
Beryllium-copper alloy wire was used to 
manufacture current-carrying springs, 
electronic sockets, and test probes. Be- 
ryllium-copper alloy bar and plate were 
used in systems such as robotic welding 
machines and materials handling devices. 
Beryllium also was used to make nickel- 
and aluminum-based alloys. Nickel-based 
alloys were used for electrical and electro- 
nic components that are subjected to ele- 
vated temperatures, including bellows, dia- 
phragms, and thermostats. The beryllium- 
aluminum alloys were used to reduce mag- 
nesium losses during preparation of alumi- 
num and magnesium alloys by forming a 
protective oxide coating that prevents air 
exposure of the molten alloy surface. 
Metallic beryllium was used primarily in 
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aerospace and defense applications such as 
optical systems for satellites, inertial 

i systems, X-ray sources, and detec- 
tor windows. Beryllium's light weight, ex- 
cellent thermal conductivity, and high 
stiffness-to-weight ratio were important for 
these applications. 
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in high-performance computers, microwave 


systems, automotive and defense electron- 


ics, aircraft engine components, and tele- 
communications systems. Properties of be- 
ryllium oxide ceramics that were important 
to these applications were excellent electri- 
cal insulating properties and high mechani- 


Beryllium oxide ceramic material was  calstrength and hardness. 
used mainly as integrated circuit substrates 
PRICES AND SPECIFICATIONS 


At the beginning of the year, the price 
quoted in Metals Week for beryl ore was $96 
to $106 per short ton unit (20 pounds) of 


was given in dollars per pound of contained 
beryllium: 


contained beryllium oxide. Late in Decem- Vacuum cast ingot, 97% pure - - - - - - - $225 

ber, this price was reduced to $85 to $100 Metal powder, in 5000 pound la and ` " 

per short ton unit. . master allo. 144 
At yearend, the following prices for beryl- Beryllium copper in rod TT re 

lium materials were quoted in American  Berylliumcopperinstrip. - --- .--.. 7.25 

Metal Market, in dollars per pound, except Beryllium aluminum al DF ere 236 

for beryllium-copper master alloy, which Beryllium oxide bedr 55.70 

FOREIGN TRADE 


Exports of beryllium alloys increased dra- 
matically in quantity from those of 1984, 
but the average value declined. The Federal 
Republic of Germany, Spain, Sweden, and 


the United Kingdom were the primary des- 
tinations, accounting for 80% of the total 
U.S. exports. 


Table 2.—U.S. exports of beryllium alloys, wrought or unwrought, 


and waste and scrap,’ by country 

1984 1985 
Country Quantity Value Quantit Value 
(thou- JY  (thou- 
‘ ! sands) Pounds) ` sands) 
Belgium-Luxembourg rc 8 79 $1 1,256 $126 
Qu. GE le omo OAS 232% 20s 223 ` 
Wide WEE 47 6 35 5 
|); meus" ßßß x y EE ET ES 8,062 937 4,632 802 
Germany, Federal Republic ooo 2,627 325 17,685 1,674 
%% ũ md. mw; eue eee ⁊ 9.114 32 3,067 24 
TT o ca Ea anc s c hit i eee a 100 1 440 81 
ireland oo Se :. o cEE 8 1,497 26 e "^ 
rid — ] y oim x mxttd Ee 246 4 3 1 
— = d d d 
Korea, Republic c 4õ4 444444 77² 34 83 1 
| Dro m mts ß y Ges Ge 2,000 12 
Morico EE 88 1,227 12 643 11 
Netherlands ²ꝛ˙ '•ꝶ] D“ . ð uU ere me Is 271 65 
South "Africa, Republic Fb: 222224 eo, 200 4 
E EE Ga 8 49,010 280 
Sweden -<-s aires a y mut ru Lr 6 1 17,450 78 
Beitwrland :.:. Se ee eG eee eas oe E 433 23 1,642 209 
TROON ceo Se ĩ ĩ˙wV mts eae c Dee edi 1,051 14 44 51 
United Kingdom .. LLL LLL LL c cl ccc 222. c lr 1,493 246 11,785 2,158 
OIE ta as es EE e "6 d 1 H 
777 ³¹ð⁰ͥſſ ˙⁰¹wö-w- 8 89,315 2,562 119,428 6,375 


"Revised. 
,Consiating of beryllium lumps, single crystals, powder; beryllium-bese alloy powder; and beryllium rods, sheets, and 


Source: Bureau of the Census. 
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Beryl was the only beryllium raw materi- 
al imported into the United States. Beryl 
imports increased from those of 1984, but 
the average value remained about the same. 
The average value of imported bery] in 1985 
was $867 per ton; the value in 1984 was 
$884. Brazil continued to be the principal 
import source, representing over 76% of 
total beryl ore imports in 1985. In addition 
to ore imports, 111,458 pounds of wrought, 
unwrought, and waste and scrap beryllium 
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valued at $265,029 were imported into the 
United States, of which 89% was imported 
from Brazil and 10% came from the United 
Kingdom. Imports of beryllium oxide or 
carbonate and other compounds, totaling 
9,864 pounds and valued at $258,467, were 
received from the Federal Republic of Ger- 
many and the United Kingdom. Beryllium- 
copper master alloy imports of 15,930 
pounds, valued at $66,579, were received 
from China. 


Table 3.—U.S. import duties for beryllium 


TSUS Most favored nation («MFN) Non-MFN 
Item 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Ore and concentrate 601.09 ree .—--------- ree =k Free. 
Unwrought beryllium waste and 628.05 8.5% ad valorem _ _ __ 8.5% ad valorem. . 25% ad valorem. 
scrap. 
Beryllfum. wrought ~_------ 628.10 9% ad valorem __ __— 9% ad valorem... - 45% ad valorem. 
Beryllium copper master alloy . 612.20 7.2% ad valorem .  . — 6% ad valorem. . . 28% ad valorem. 
Beryllium oxide or carbonate . 411.90 3.7% ad valorem 3.79€ ad valorem. . 25% ad valorem. 
Other beryllium compounds 417.92 4% ad valorem —--- S Do. 
Table 4.—U.S. imports for consumption of beryl, by country 
1984 1985 
Country Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
LE TEE ies 113 $107 
Brazil -obtina d d LE E 744 $680 1,262 1,077 
China noe AAA (x aA E 264 238 102 96 
Cem ES e z^ 11 13 
Portugal c 33 31 Ja en 
RWandá. ctt n mE eso mue LLLI E Ltd mn e 33 23 
South Africa, Republic of... 93 58 39 38 
Switzerlann III 112 98 66 59 
eee ß es rere See ee Sa 86 72 20 14 
Total. ol Oia es ee ire ea 1,332 1,171 1,646 1,421 
Source: Bureau of the Census. 
WORLD REVIEW 


The United States was the world's largest 
mine producer of beryllium. World beryl 
production, led by the U.S.S.R. and Brazil, 
was slightly higher than that of 1984. China 
also was thought to be a substantial produc- 
er, but production data were unavailable. 

Canada.—Highwood Resources Ltd. com- 
pleted a 1,600-foot decline at its Thor 
Lake beryllium-rare earth prospect near 
Yellowknife, Northwest Territory. Approx- 
imately 6096 of the material extracted from 
the decline was considered to be ore grade, 
and bulk samples of this ore were to be 
tested in order to determine optimum beryl- 
lium and rare-earth recovery methods. Ore 


reserves at this deposit were estimated to be 
1.8 million tons grading 0.8595 beryllium 
oxide. Highwood Resources planned to be- 
gin plant construction in 1986. 

China.—China planned to double its non- 
ferrous metal production over the next 5 
years. As a part of this development, China 
planned to construct a beryllium oxide 
plant in the Xinjiang Uygur autonomous 
region. 

Japan.—Working through its Japanese 
subsidiary, Brush Wellman planned to con- 
struct a plant near Tokyo to manufacture 
beryllium-copper alloy coil, clad metals, and 
other copper alloys. The company planned 
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to begin production in the fall of 1986, with market. Japan currently imports most of its 
the metals targeted towards the electronics requirements for beryllium-copper alloys. 


Table 5.—Beryl: World production, by country! 


(Short tons) 
Country 1981 1982 1988 1984P 1985* 
Argentine. - ---------------------- 8 1 26 17 17 
— RN Ls "18 0 "Te ur 
NP MR 8 ) 1 
Mosambique ---------------------- Tg r9 1 5 1 
uin, pp 22 ͤ V 8 119 113 8 11 11 
JJ. fom eh NR 65 76 85 49 55 
South Africa, Republic of `... 134 64 28 1 ates 
USSR” -—-- os m. ( ̃ aue 2,000 2,000 2,100 2,100 2,100 
United States (mine shipment )) 1,834 5,451 6,665 6,080 55,788 
ENCIMA TITRE 8 46 57 52 21 55 
Total: nne e Eu e ees 710,609 9,003 9,950 9,838 9,688 


3 


Les than 1/2 unit. 
“Includes bertrandite ore, calculated as equivalent to beryl containing 11% BeO. 


TECHNOLOGY 


A 6-pound beryllium structure was devel- 
oped to support a 95-pound sensor system 
mounted on the U.S. Army’s Scout helicop- 
ter. Brush Wellman received a contract to 
supply 1 year’s requirement of these sup- 
port blanks, which is estimated to be about 
100 pieces worth approximately $2 million. 
This is one of the first large-scale applica- 
tions of beryllium metal in a conventional 
weapons system. Beryllium was selected 
over aluminum alloy or graphite-epoxy 
composite material because of its light 
weight and rigidity, which eliminates shak- 
ing that could impair visual accuracy. As a 
result of this program, Brush Wellman 
invested $3 million in hot isostatic pressing 
capability at its Elmore, OH, plant.* 


as part of a $750,000 melting and casting 
pilot plant that will be used to experiment 
on high-quality beryllium-copper alloys. 
Castings produced by the direct chill meth- 
od are expected to have a maximum weight 
of 5,000 pounds. 

A review of the world beryllium industry 
was published that discussed the supply, 
demand, uses, and new developments in 
alloy, ceramic, and metallic products.“ 


!Physical scientist, Division of Nonferrous Metals. 

*Federal Nonferrous Metals Man 
Point Source tegory; Effluent Limitations Guidelines, 
and New Performance 


tment 
Standards. V. 50, No. 183, sisi 1985, W 
*Crisafulli, T. Cabot U n 
Met Mark y 50. No 201 Oct 1. pp. 1. 1 
uM. B. B. Beryllium Structure Being Used To Sup - 
Scout . Am. Met. Mark., v. 98, No. 228, 


Cabot reportedly installed a direct chill! 1 lium minersls demand s 
casting unit at its Reading, PA, laboratory. sl r. (London), No une 985. 


This casting unit was the first unit installed 


EI Google 


Bismuth 


By James F. Carlin, Jr.! 


Domestic production of bismuth was de- 
rived by processing bismuth-rich residues 
from the production of intermediate metal- 
lurgical products, such as lead bullion, 
which contain bismuth as a minor constitu- 
ent. One company accounted for all domes- 
tic primary production. Consumption con- 
tinued to be mostly in the Northern and 
Eastern United States. The aluminum, 


consumption remained about the same, and 
the price generally declined during 1985. 
Domestic Data Coverage.—Domestic pro- 
duction data for bismuth metal are devel- 
oped by the Bureau of Mines from a volun- 
tary survey of the only U.S. bismuth refin- 
ery. Production data are not published to 
avoid disclosing company proprietary data. 
Legislation and Government Pro- 
grams.—Government stocks remained at 
2,081,298 pounds. The National Defense 
Stockpile goal remained at 2,200,000 


pounds. 
On July 8, the President approved Na- 


tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 


conflict that would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. The status of bismuth was deferred 
until further detailed studies could be 


ment of Defense Authorization Act of 1986 
(Public Law 99-145), signed by the President 
on November 8, 1985, stated that no action 
may be taken before October 1, 1986, to 
implement or administer any reduction in a 
stockpile goal in effect on October 1, 1984. 

Federal income tax laws provided a deple- 
tion allowance of 22% for domestic oper- 
ations and 14% for U.S. companies produc- 
ing in foreign countries. 


Table 1.—Salient bismuth statistics 
(Thousand pounds unless otherwise specified) 


1981 1982 1983 1984 1985 
United States: 

Consumption Bieta ee he See et LS NE 2,398 1,876 2,285 2,648 2,648 
Exports- i ES 79 53 306 312 269 
Brice, average domas 5 eee 3232 fa f un 35816 

n ic er, per pound ___ : . : $ 
Stocks, Dec. 31: Conaum er 509 542 577 480 507 
World: Mine production*?..______________ Fg 263 8,733 8,461 P8.416 99,175 


"Estimated. Preliminary. Revised. 
‘Includes bismuth, bismuth alloys, and waste and scrap. 
*Excludes the United States. 
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DOMESTIC PRODUCTION 


A single primary refinery operated by 
ASARCO Incorporated at Omaha, NE, 
accounted for all primary production. Small 


quantities of secondary bismuth were pro- 
duced by several firms from bismuth scrap 
materials. 


CONSUMPTION AND USES 


Domestic consumption remained at about 
the same level as that of 1984, which was 
the highest level since 1979, reflecting a 
continuation of the general economic im- 


provement. The category of metallurgical 
additives registered a significant increase in 
usage, while the category of chemicals 
showed a moderate decrease. 


Table 2.—Bismuth metal consumed in the 
United States, by use 


(Thousand pounds) 
Use 1984 1985 
Chemicals! |... .....- 1,573 1,325 
Fusible alloys - - - -- --—-- 609 610 
Metallurgical additives 424 668 
Other alloy 20 21 
Other! 22 19 
Total See eS 2,648 2,643 


‘Includes industrial and laboratory chemicals, cosmet- 


ics, and pharmaceuticals. 
Includes experimental. 


PRICES 


During the first 2 months of the year, the 
quoted dealer price of bismuth continued at 
the relatively high level that prevailed at 
the end of 1984, reportedly reflecting a 
tightened supply situation caused by sever- 
al leading world producers diverting their 
bismuth to centrally planned economy 
countries at premium prices. By March, the 
price started a steady decline that contin- 


ued throughout most of the year. Domestic 
dealer quotations were $6.50 to $6.70 per 
pound at the beginning of the year and 
finished the year at $3.50 to $3.80 per 
pound. The published price of a major 
foreign producer, Mining and Chemical 
Products Ltd. (United Kingdom), was $6.50 
per pound until November when the firm 
suspended its list price. 


FOREIGN TRADE 


Exports of bismuth declined moderately 
but still remained at the relatively high 
levels of the past 3 years. The United King- 
dom remained the major export destination, 
accounting for about two-thirds of the ex- 
ports. Imports continued to be the major 
supply for domestic consumption. Mexico 
remained the major source of U.S. imports, 
with Belgium-Luxembourg and the United 
Kingdom being substantial contributors. 


Starting January 1, 1985, the U.S. import 
duties for bismuth were unwrought metal 
(TSUS 632.10), free for most favored nations 
(MFN) and 7.5% ad valorem for non-MFN; 
alloys (TSUS 632.66), 6.4% ad valorem for 
MFN and 45% ad valorem for non-MFN; 
and compounds (TSUS 418.00 and 423.80), 
8.8% ad valorem for MFN and 35% ad 
valorem for non-MFN. 
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Table 3.—U.8. exports of bismuth, bismuth alloys, and waste and scrap, by country 


1984 1985 
(thou- (thou- 
um Luxembourg e Sp 41,850 $160 
FFC -- — «488 0 
Lë ET, TEEN 45,855 $290 17,235 147 
Chili EE E zu 780 
Eege ae Soe es ae: ef x 1,202 64 
Germany, Federal Republic o 2222222 41,90 172 ES NX 
e 10 MEE 2 
inda EE dle E a pa 1,226 8 
Toland- EE 100 1 82 16 
TTT o o oon EE 245 2 957 6 
Italy NORTH Ge zc 245 8 
Japan % 8 SCH 15 1,582 61 
r ee 1,200 17 ES ES 
INOW Zealand EE A0 1 Kë e 
o T AL IS gE AE &3 m ub 5 
J iss 2 2257 10 
e . ß 95 88 1 
TL NEE 66,431 261 Eu 
Tavan ns 0B ! ⅛ dd oe E 1.009 27 529 12 
United K Kingdom EE 120,496 161 187,498 100 
E EE Ge SS 1,171 
Ra ũfͥͥ y at c m cU 8 811,511 1,091 268,669 603 
Source: Bureau of the Census. 
Table 4.—U.S. general imports: of metallic bismuth, by country 
1984 1985 
Country Quanti Value Quanti Value 
(thou- (thou- 
1 sands) eeng sands) 
Belgium-Luxembourg. . - - -—--- -------------------—— 75,807 $218 460,842 $2,388 
Ceda oor e ͤͥ⁰ͥſydm K y cu EE S 242,582 798 127,868 897 
Dro ^ ac ar ly eg a eh MN S 11,204 27 44,888 181 
Germany, Federal Republic o... 77,167 345 96,060 
Hong Kong chus ee ee a ee m HS 1,125 88 
TFT. 7 124043 160 28 119 
Maa. T E ee ae eee 430,518 1,124 678,155 2, 
la EE COMUNE ide We: 173,306 910 
i E EE EE EEEE 40 0500 T 384,674 1,492 280,830 1,680 
Ku WEEN 1,948,394 5,892 1,998,865 10,172 
‘General imports and imports for consumption were the same in 1984 and 1985. 
Source: Bureau of the Census. 


WORLD REVIEW 


World production of bismuth rose slightly 
in response to increased demand. Australia 
remained the major producer of bismuth, 
although reportedly, bismuth-rich reeidues 
in Australia have been stockpiled in recent 


years. l 

Major world refiners included Dowa Min- 
ing Co. Ltd. and Mitsui Mining & Smelting 
Co. Ltd. in Japan, Empresa Minera del 


Centro del Perú in Peru, Industria Minera 
México S.A. and Industrias Pefioles S.A. de 
C.V. in Mexico, Korea Tungsten Mining Co. 
Ltd. in the Republic of Korea, Mining and 
Chemical Products in the United Kingdom, 
and Métallurgie Hoboken-Overpelt SA and 
Société Industrielle d’Etudes et d’Exploita- 
tions Chimique in Belgium. 


186 MINERALS YEARBOOK, 1985 


Table 5.—Bismuth: World mine production, by country! 


(Thousand pounds) 
Country? 1981 1982 1983 1984? 1985° 
Australia (in concentrates)? „ 2,600 8,310 13,110 1g 980 8,090 
Bolivia (in concentrata ))) 24 11 18 wi 220 
e, TEE 370 417 445 485 440 
ma un ar Rte E OO DPI RON ee ee PU OR 570 570 570 570 570 
J; ee A setae EE 1,054 1,071 1,263 1,241 1,870 
Keres, — A ------------------ 220 209 220 278 220 
B Ge 1,446 1,336 1,202 955 1,100 
raed gre MER EE 1,409 1,351 1,179 1,473 i 

ünom) EE 180 180 1 180 180 
USSR. (metaaalddʒll -_ ee "165 170 180 180 185 

United States (metal) W W W 
Jö] «ð / ĩðV-Kĩ ͤ K 225 108 99 66 *150 
Total =- oe en ee M A EIE Tg 263 8,733 8,461 8,415 9,175 


a Estimated. PPreliminary. Revised. W Withheld to avoid disclosing company proprietary data; not included in 


Table includes data available through Apr. 8, 1986. 
An gen to the countries listed, Brazil, Bulgaria, France, the German Democratic Republic, the Federal Republic of 


Din recent years, bismuth-rich residues have reportedly been stockpiled owing to weak demand and low prices. 
*Refined metal and bullion plus recoverable bismuth content of exported concentrate. 

Bismuth content of refined metal, bullion, and alloys produced indigenously plus recoverable bismuth content of ores 
and concentrates exported for processing. 

"Reported figure. 


TECHNOLOGY 


A new procedure was developed to en- sulfonated aromatic organic acid. These ma- 
hance high-quality, low-temperature solder- terials were shown to give superior mechan- 
ing of electronic components on printed ical joints.“ 
circuit boards. The procedure employs a poema x: POM us 
58% tin-42% bismuth eutectic alloy melting vision of Non ae 
at 188° C and a in-free flux } l'Oma Mars Bulletin of the Bismuth Institute. No. 49, 1986, 


Boron 


By Phyllis A. Lyday' 


U.S. production and sales of boron miner- 
als and chemicals decreased during the 
year. Glass fiber insulation continued to be 
the largest use for borates, followed by 
textilegrade glass fibers, miscellaneous, 
and borosilicate glasses. 

California was the only domestic source of 
boron minerals, mostly in the form of sodi- 
um borate, but also as calcium borate and 
calcium-sodium borates. The United States 
continued to provide essentially all of its 
own supply while maintaining a strong 
position as a source of sodium borate prod- 
ucts and boric acid to foreign markets. 

Supplementary U.S. imports of Turkish 


calcium borate and calcium-sodium borate 
ores and boric acid, primarily for various 
glass uses, continued. 

Domestic Data Coverage.—Domestic da- 
ta for boron are developed by the Bureau of 
Mines from two separate, voluntary surveys 
of U.S. operations. Of the three operations 
to which a production survey request was 
sent, all responded, representing 100% of 
the total boron sold or used shown in tables 
1 and 7. A Bureau canvass of the three U.S. 
producers also collected data on domestic 
consumption of boron minerals and com- 
pounds shown in tables 2 and 8. 


Table 1.—Salient statistics of boron minerals and compounds 
(Thousand short tons and thousand dollars) 


1981 1982 1983 1984 1985 
United States: 
Sold or used by producers: 
Quantity: 
Gross weight... 1,481 1,234 1,303 1,367 1,269 
Boron oxide (BzO3) content 740 607 637 667 636 
öêÜ—d%d4ꝗÜVm $435,387 $384,597 $439,181 $456,687 $404,775 
Exports: 
Boric acid: 
guanti; ——— p 46 35 38 45 49 
ET e PL ͤ $24,602 $19,082 $20,688 $24,402 $21,598 
Sodium borates: 
Quantity 228 227 225 1576 
Ü ͤ K eL RE es $58,000 $59,000 $51,000 $134,000 $151,000 
Imports for consumption:® 
Boric acid: 
Quantity oou iL 2- r2 d 14 6 
VFC 8763 31.903 $3,456 $3,449 $5,121 
Colemanite: 
Quantity kk r T2 116 T 
oV $15,202 $6,386 $8,309 $12,123 $24,620 
Ulexite: 
Want ry 114 11 , 8 
!! ³˙ AA ez $2,690 *$2,800 $3,116 $10,202 $11,120 
Consumption: Boron oxide (B203) content? 373 266 341 375 360 
World: Production 2,820 2,503 2,464 22,775 2.679 


"Estimated. "Preliminary. Revised 


!Minerals and compounds sold or used by producers, including both actual mine production and a marketable 


equivalent of brine products. 


"Includes domestic and imported orthoboric and anhydrous boric acid. 
Sources: 1981-83, U.S. Exporters; 1984-85, The Journal of Commerce Port Import/Export Reporting Service. 


"Refined. 


Boron oxide (Bai bal content. Data for 1981-84 revised to indicate conversion to Bs3Os content. 


table 2. 
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Legislation and Government  Pro- 
grams.—A U.S. Environmental Protection 
Agency standard of emission performance 
for new stationary sources of nonmetallic 
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ities. The affected facilities were each 
crusher, grinding mill, screening operation, 
bucket elevator, belt conveyor, bagging op- 
eration, storage bin, and enclosed truck or 


mineral processing plants included new,  railcar loading station.? 
modified, and reconstructed boron facil- 
DOMESTIC PRODUCTION 


Boron minerals, sold or used, decreased in 
quantity and value during the year. The 
majority of the output continued to be from 
Kern County, CA, with the balance from 
San Bernardino and Inyo Counties, CA. 

American Borate Co., a wholly owned 
subsidiary of Owens-Corning Fiberglas 
Corp., continued to mine colemanite, a calci- 
um borate, and probertite-ulexite, two simi- 
lar calcium-sodium borates mined and sold 
as one, at its Billie Mine in Death Valley 
National Monument. The mine had a capac- 
ity of 350,000 short tons of ore containing 
180,000 tons of salable product per year. 
Colemanite was ground and processed at 
the washing and calcining plant at Amargo- 
sa, NV. The plant had a capacity of 6,300 
tons per month of concentrate. A flotation 
plant adjacent to existing facilities at Amar- 
gosa prepared colemanite by a patented 
process. The colemanite product was truck- 
ed to Dunn, CA, for blending, storing, and 
shipping by rail primarily to manufacturers 
of textile-grade glass fibers. Probertite- 
ulexite ore also was trucked to Dunn, where 
it was ground, screened, and blended to 
specification, stored, and shipped by rail to 
customers. Most shipments of the blended 
probertite-ulexite were to manufacturers of 
glass fiber insulation. American Borate 
announced a temporary closure of all borate 
mining and processing operations that 
would be in effect during 1986. The closure 
would affect about 300 employees at 4 
. locations, including the headquarters at Las 
Vegas, NV. The reasons cited for the clo- 
sure were the strength of the U.S. dollar, 
which had the effect of increasing world- 
wide prices of boron minerals, and the 
increase in world supply. The length of the 
closure would depend upon future market 
conditions. 

Kerr-McGee Chemical Corp. operated the 
Trona and Westend plants at Searles Lake, 
in San Bernardino County, to produce re- 
fined sodium borate compounds and boric 
acid from the mineral-rich lake brines. At 
the Trona plant, a differential evaporative 
process was used to produce boric acid, 
pentahydrate borax, and anhydrous borax. 


Byproducts included potassium compounds. 
One of the evaporative boilers continued to 
produce pentahydrate borax by extracting 
heat from process steam used in other 
operations to produce distilled water that 
could be recycled through a closed loop 
system. The Westend plant continued pro- 
duction of boric acid and produced sodium 
borates by a carbonation process that also 
produced lime, soda ash, and sodium sul- 
fate. Production capacity was 210 tons per 
day of the combined borate products. 
Screening and grinding facilities were at 
both plants. Shipments were by rail via a 
company-owned spur to the Santa Fe Rail- 
road at Ridgecrest, CA. Borates were mar- 
keted by Kerr-McGee under the trade 
names Three Elephant Borax, Three Ele- 
phant V-Bor, and Three Elephant Pyrobor. 

United States Borax & Chemical Corp., a 
member of the RTZ Group of London, Unit- 
ed Kingdom, continued to be the primary 
world supplier of sodium borates. U.S. Bo- 
rax mined and processed crude and refined 
hydrated sodium borates, their anhydrous 
derivatives, and anhydrous boric acid at 
Boron, in Kern County, CA. Production of 
crude sodium borates—Rasorite 46, a penta- 
hydrate, and its anhydrous derivative— 
were discontinued for sale in foreign mar- 
kets because new trade laws allowed refined 
borax to enter Europe duty-free. Installa- 
tion of equipment to improve the recovery 
of borax from the tailings was completed in 
1984, becoming operational in 1985. Centri- 
fuges separated clay matter from borax in 
aqueous solution. The borax was recovered 
by evaporating in solar ponds. The process 
increased borax recovery by 6% to an esti- 
mated total recovery of 91% of the ore 
processed. 

A second plant at Boron used a propri- 
etary process to produce technical-grade 
boric acid and waste sodium sulfate from 
U.S. Borax’s extensive kernite ore reserves. 
Boric acid was produced to compete with 
the colemanite used in glass manufacture. 
The boric acid plant, the world’s largest, 
lowered energy requirements by using 
kernite ore as feed. Kernite required less 


BORON 


energy than borax because it was processed 
into boric acid as an ore. 

Shipments from Boron were via the Santa 
Fe Railroad. The majority of material was 
shipped to U.S. Borax’s storage, loading, 
and shipping facilities at Wilmington, CA. 
The Wilmington facility also produced some 
boron specialty chemicals and borated soap 
products. U.S. Borax marketed domestic 
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borates under the Twenty Mule Team trade 
name. 

Duval Corp., which was dissolved and 
renamed Pennzoil Sulphur Co. in 1985, sold 
its solution mining project at Newberry 
Springs, CA, to Mountain States Mineral 
Enterprises Inc. Mountain States was able 
to obtain private investors to proceed with 
the boric acid pilot project. 


CONSUMPTION AND USES 


U.S. consumption of borates decreased. 
Glass fiber insulation and glass fiber rein- 
forcement for plastics continued to be the 
largest consuming industries. 

The use of borates in thermal! insulation 
for new construction decreased. Glass fiber 
insulation was the largest area of demand 
for borates. Cellulosic insulation, the fifth 
largest area of demand, also decreased. 
Owens-Corning, a major glass fiber produc- 
er, acquired Armco Inc.’s Aerospace and 
Strategic Materials Group, which included 
Hitco Fabricated Composites Div., for $415 
million. The purchase made Owens-Corning 
a producer of advanced composite materi- 
als. Composites are glass, graphite, boron, 
and aromatic polyamide (aramid) fibers 
with organic matrix resins. Hitco, which 
was fully integrated in composites, supplied 
resins, fibers, fabrics, preimpregnated fab- 
rics, and shapes. 

The second major market for borates, 
manufacturing high-tensile-strength glass 
fiber materials for use in a range of prod- 
ucts, showed an increase in demand. Com- 
posites allowed the designer to tailor struc- 
tures to meet applied loads more effectively 
through deliberate fiber orientation, and 
more efficiently by reducing fiber content 
where loads are moderate. Composites in 
aerospace have been growing for more 
than 30 years because of their high specific 
strength and specific modulus, excellent 
corrosion and fatigue resistance, and design 
flexibility. These qualities have made com- 
posites ideally suited to numerous aero- 
space primary and secondary structures. 
Thus, weight may be decreased in certain 
structures by 20% to 50%. Typical glass 
fiber tensile strengths can exceed 400,000 


pounds per square inch (psi) and elastic 
modulus of 10 million psi. Glass fibers tend 
to limit flight speeds to less than 200 miles 
per hour. In comparison, boron filaments, 
created by slow deposition of boron vapor on 
tungsten filaments, offer nearly 60-million- 
psi elastic modulus and about 500,000-psi 
tensile strength.‘ 

Other uses of boron in glass fibers includ- 
ed asphalt roofing shingles, accounting for 
about 60% of asphalt-roofing sales in 1983. 
Glass fiber screens accounted for about 65% 
of the market in window and door screens, 
particularly in the Sunbelt States.* 

White Consolidated Industries Inc. rede- 
signed its dishwasher line and all of its 
brands, which included White-Westing- 
house Appliance Co., Frigidaire Co., Gibson 
Appliance Co., and Kelvinator Appliance 
Co., and which were expected to use glass 
fiber composites on the inner door. 

Consumption of borates in borosilicate 
glasses remained the fourth major end use, 
and demand increased. Complex glass batch 
calculations for borosilicate glasses were 
performed on microcomputers. The comput- 
erized glass formulations procedure had the 
advantages of improved accuracy of formu- 
lation when many complex raw materials 
were employed, established tolerance limits 
for each oxide level, and the capability to 
incorporate physical and chemical parame- 
ters into the batch formulation process. 

Boron compounds in cleaning and bleach- 
ing were also an important consumption 
sector. In addition, boron compounds con- 
tinued to find application in the manufac- 
ture of biologica] growth control chemicals 
for use in water treatment, algicides, fertil- 
izers, herbicides, and insecticides. 
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Table 2.—U.S. consumption of boron 
minerals and compounds, by end use 


(Short tons of boron oxide content) 
End use 1984 1985 
ß 15,008 15,008 
— — Claases 32,418 84,629 
panes: frits, glazes ... 11,172 12,295 
ts: 

Cellulosic insulation ,150 26,522 
J ˙ A 1.752 298 

Glass fiber insulation 117,451 103,490 
WWW 4182 3,07 
uses 20,615 22,521 
Nuclear applications 1,107 1,088 
aps p^ MEUM = 28,705 24,548 
Sold to distributors, end use unknown _ ,226 44,147 
glass fibers 69,870 71,785 
Total 22 nez 874,601 359,638 
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Table 3.—U.S. consumption of orthoboric 
acid, by end use 


(Short tons of boron oxide content) 

End use 1984 1985 
ture o oo -= 142 194 
Borosilicate glasses 5,730 11,016 
R i pane FF 410 1,885 
Cellulosic insulation- — - - ------ 6,598 4,770 
— 17 f 

on- grade glass fibers 
Metallurgy ----------------- 708 382 
Miscellaneous uses 11,998 11,284 
Nuclear ona 926 932 
Soa; gente 605 424 
Sold t to distributors, end use unknown 15,864 16,181 
glass fibers 17,403 18,360 
Total `- -_------------ 62,589 65,295 


Includes imports of boric acid, colemanite, and ulexite. 


Table 4.—Borate prices per short ton 


(rounded 
dollars) 
Borax, technical, anhydrous, 99%, bulk, carlots, works? - ------------------------- 602 
Borax, , anhydrous, 99%, bags, carlota, works’. __.......-.---------------- 647 
Borax, technical, granular, decahydrate, 99.5%, bags, carlots, work 282 
Borax, technical, granular, decahydrate, 99.5%, bulk, carlots, works? _._____..._.-------- 187 
Borax, technical, granular, pentahydrate, 99.5%, bags, cariots, works? _ k 259 
Borax, technical, granular, pentahydrate, 99.5%, bulk, carlots, works?’ _ „ 214 
Boric acid, technical, ular, 99.9%, bags, WOES eg 614 
Boric acid, technical, granular, 99.9%, bulk, carlots, works? ““ „„ „„ „ 569 
F i , high-purity anhydrous, 99% BzOs, 100-pound 
Colemanite, American Borate Co., calcined, minus 70-mesh, 45% Bei, bulk, f.o.b. railcars, 8 n 
Colemanite, American Borate Co., concentrate (uncalcined), minus 70-mesh, 88% BSO f.o.b, Es 
Colemanite, Turkish, 40% to 42% BsOs, ground to a minus 70-mesh, f.o.b. railcars, Kings Creek, SC 400 
condi transportation, 


IUS. fob. plant or rices per short ton of uct. Other tions of fina] preparation, 
and qualities not stated das a to agito and/or somewhat different price quotations. 


quantities, 
«Chemical t Prices of 


Boron compounds were also used in met- 
allurgical processes as fluxes, as shielding 
slag in the nonferrous metallurgical indus- 
try, and as components in electroplating 
baths. Small amounts of boron and ferrobo- 
ron were constituents of certain nonferrous 
alloys and specialty steels, respectively. Mil- 
ward Alloy Inc. of Lockport, NY, began 
construction of a plant to produce titanium- 
boron master alloy rod that is widely used 
in the grain refining of wrought aluminum 
products. The plant was scheduled to begin 
production on January 1, 1986. General 
Motors Corp. (GM) announced the construc- 
tion of a manufacturing plant for the pro- 
duction of a neodymium-iron-boron magnet 
that has been trademarked Magnequench. 
The facility was to be completed in May 
1986. The new magnet would substitute for 
the traditional copper-coil-wound electro- 


V. 228, No. 25, Dec. 16, 1985, p. 41. 


magnets used in starter motors for automo- 
bile engines. Weight savings of approxi- 
mately 5 pounds per motor were expected. 
GM also planned to offer the magnets for 
nonautomotive uses.’ 

Many important but low volume end uses 
of borates and boron-containing chemical 
derivatives comprised a diverse miscella- 
neous category that included ceramics. Dow 
Corning Corp. purchased a ceramics firm, 
Boride Products Inc., that manufactured 
boron carbide devices used in industrial 
nozzles and other structural applications. 
Dow announced plans to spend $5 to $25 
million to become established in ceramics. 
Other major companies that reported use of 
boron in ceramics were Advanced Refracto- 
ry Technologies, Babcock & Wilcox Co., 
Corning Glass Works, PPG Industries Inc., 
and United Technologies Corp.* 
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Owens-Corning, through its American Bo- ly for use in textile-grade and insulation- 
rate subsidiary, imported boric acid, cole- grade fibers. Brokers also imported Turkish 
manite, and ulexite from Turkey, principal- colemanite. 


Table 5.—U.S. exports of boric acid and refined sodium borate compounds, 


by country 
1984 1985 
Boric acid! Refined Boric acid! 
Country Qus "Vou (MS Guts Vane borates? 
(short (short (short 
tons) tons) tone) 
Argentina n Soe eee cece esas 1 1 xm E" i PES 
Hec NE y To RR E 1,145 655 6,917 1,428 $826 piri 
Belgium-Luxembourg ~. - - ------------ A ES ES GEN e 
ree) ais ee ee re EE 160 128 3,1 8 6 8,387 
Canada. 2 ] ͤ ͤky enne dE ES 7,651 8,902 354.998 4,826 2,560 351,992 
76m) ³ðV—Ay ß D ese 2 4 788 zd EON 188 
e o s onm eame E = SS A 20 12 11,858 
Colombia... ee 299 191 2,287 239 147 5,024 
Costa Rica a 7 6 42 me PA 438 
Lee EE 21 12 5 64 81 P^ 
EE EE EAR EED 64 rd 663 SI 3 845 
Bi Salvadoao a rm A a 2 8 22 10 6 40 
Finland ...... ..... A ES ren 2 oon em "e 
France ~... 82 71 8 1 es 
Germany, Federal J 168 218 : “6 18 BH 
Guatemala o eee wee cece e = 173 S mes L 
Hell]... 2. eek 12 5 tat * e " 
Hong Kong -.-------------------- 39 160 8,087 209 122 2223 
re 9 3 6,884 Ss Se 11,590 
lndonesia EE 81 46 4,894 144 T8 5,126 
In oe f00kdß00df ci e E NM Ka ES 21 12 "E 
WW.“ S ee 96 21 6 25 16 908 
C½öõô· cO OMEN MES NR aa t 2 5 =e M 
dameica Ll Lo nu cu uhi a du PEE A E E 18 11 Se a 
6— maed eu E em 23,148 18,782 we 21,701 12,796 61,073 
Korea. Republic ct 1,223 685 8,118 1,186 751 18,209 
Mami. os eee A4 926 2,287 8 16 8,866 
| o... ie ea a "s 8,002 1,396 921,741 8,815 1,868 321,078 
uua ans cM nU LL mds 68 841,825 € "n 860,904 
New Zealand .......... ... A a 1,914 881 a 2,113 972 ar 
V ae BA 306 Se ROS 233 
PME Aͥ eid mee Ear ende 10 10 60 20 6 9 
Papua New Guiness 128 B "183 84 42 198 
PM. uo ee 252 sé T & d 1065 
Rio o. o E eod zr D 606 bi hv: 23 
Saudi Arabi ite nae EN 22 =e 466 
Sis sah E a eal as chs sty 199 111 1,600 1 5 2,947 
South Africa, Republic o 187 8 Ka 11 8,866 
VVV 7 4 12 12 7 8 
VVV TEE wë e e = 
Thallend ii 187 107 667 167 110 1454 
Trinidad AAA Ee E xx ES 11,200 5 18 
United Kingdom nn 20 16 122 oe E 123 
Uruguay .- ~ - - - - ³˙ſͥĩ ⁵¼K 8 131 48 26 4 4 88 
Venesuela A 1,878 680 1,648 354 189 1,107 
— ˙AA ek am MN oo e rim $39 
QUEE. o a eects eee wes 16 6 11 Su TS DE 
Tet ER 44,728 24402  '576231 49,457 21,508 628,376 
"Revised. 
A risale of Commerce Port Import/Export Reporting Service data. 
. exporters of sodium borates. 


*Data may not add to totals shown because of independent rounding. 
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Table 6.—U.S. imports for consumption of boric acid, by country 


Country 


LU S. Customs declared values. 
2Less than 1/2 unit. 


1984 1985 
Quantity Value! Quantity Value! 
(short tons) (thousands) (shorttons) (thousands) 

zx OH a 13 $56 
RS 139 $110 219 196 
mS 86 87 51 63 
Em 2,281 965 1,873 1,039 
E OH 1 EN e 
Ss 5,236 2,280 8053 3 665 
Se o M @) 

men cus POM 105 16 
= 7,748 3,449 10,423 35.121 


Data do not add to total shown because of independent rounding. 


Source: Bureau of the Census. 


WORLD REVIEW 


Borates in the form of borax and ulexite 
occur in two geologic types of deposits in 
Peru, Argentina, Bolivia, and Chile. Thirty- 
five "salars" and fifteen “spring apron” 
type deposits have been identified. The 
distinction between the two was theorized 
to be a function of the distance that boron- 
bearing fluids traveled from the source to 
deposition of the boron minerals.* 

Bolivia.—The Government authorized 
the Complejo Industrial de los Recursos 
Evaporiticos del Salar de Uyuni to seek 
international bids for the exploration, de- 
velopment, industrialization, and market- 
ing of the salts of the Salar de Uyuni. The 
7,000-square-kilometer area in southwest- 
ern Bolivia was reported to contain the 
largest and highest grade reserves of lithi- 
um salts in the world, and boron reserves 
were estimated at 3.5 million tons. 

Chile.—A second major brine project in 
the Salar de Atacama in northern Chile was 
planned for production of boric acid, lithi- 
um carbonate, potassium chloride, and po- 
tassium sulfate. Negotiations commenced in 
1984 and an agreement was reached in 1985 
between AMAX Exploration Inc. and 
Molibdenos y Metales S.A. to begin a feasi- 
bility study. 

China.—A complex to be built in Kaifeng 
for the manufacture of glass fiber, which 
uses boron, was projected to cost between 
$75 and $90 million. Design of the complex 
was to be a joint venture named Heery/ITL 
of Heery International, and Innovative En- 
gineers Ltd., both of Atlanta, GA. The 
complex was to be the first in the world to 
make glass fiber, thermosetting resins, and 


finished products in the same location. Ini- 
tially about one-half of the production was 
planned for the domestic market, with 
100% expected to be used in China within 7 


years. 

India.—The only source of borax in the 
country was in the Puga Valley in the 
Province of Kashmir at an altitude of 14,500 
feet. Associated with the borax was gypsum, 
which was used to produce sulfur. Over 6 
tons per day of borax was processed in 
plants in Jammu. 

Turkey.—The borate mines were operat- 
ed by Etibank, the Turkish state mining 
organization. Exports in 1984 totaled 
$101.77 million, or 35% of Turkish mineral 
export revenues. A new mining law was 
enacted on June 15, 1985, that replaced the 
1954 legislation and amended both the 1978 
law that nationalized many mining activi- 
ties, including borates, and the 1983 law 
that returned some mines for exclusive 
State development, excluding borates. De- 
velopment of foreign investment in Turkish 
minerals remained optimistic. After the 
change in the mining law, the Government 
became more oriented towards private sec- 
tor investment by allowing exploration for 
borates, although the existing borate min- 
ing operations continued to be excluded 
from foreign investment. Newly discovered 
reserves of boron could be privately owned, 
but the mined output must be sold to 
Etibank for marketing. Because of Turkey's 
limited resources and extensive needs, the 
availability of external financing for public 
and private capital investment was ex- 
pected to be a crucial factor in the future. 


BORON 


The boron derivatives plant at Kirka was 
continuing through a startup phase. The 
feed was from a surface tincal mine with an 
annual capacity of 1.3 million tons of ore, 
from which was produced about 830,000 
tons of concentrate. The average ore con- 
tent was 25% boron oxide (B:0»). The 10% 
clay fraction of the ore was removed by 
cyclones, classifier, and centrifuge dryer to 
produce a concentrate that averages 32% 
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B. O.. About 55 tons per hour of concentrate 
was fed into the plant at full capacity. The 
plant, which produces anhydrous borax, 
was designed by Garrett AiResearch Manu- 
facturing Co., of the United States, and 
engineered by a Turkish company. A 3.2- 
million-kilowatt-per-hour powerplant sup- 
plied the energy needs of the plant. Etibank 
planned to be capable of operating at full 
capacity by yearend 1985.'° 


Table 7.—Boron minerals: World production, by country! 


(Thousand short tons) 
Country 1981 1982 1983 1984P 1985* 

Argentina .— ——— 188 136 125 157 155 
Chis occ K d ie ei 4 (?) 1 4 4 
China EEN 30 80 30 30 30 
Perut 1 s 0n 8 18 15 11 11 11 
JJ 88 929 868 774 986 990 
SS · AAA ee 220 220 220 220 220 
United States 1,481 1,234 1,308 1,367 *1,269 
Total uo eS ̃ĩͤ . aa 2,820 2,508 2,464 2,775 2,679 


*Estimated. Preliminary. 
Table includes data available through May 27, 1986. 
Wess than 1/2 unit. 


Minerals and compounds sold or used by producers, including both actual mine production and a marketable ore 


equivalent of brine products. 
*Reported figure. 


TECHNOLOGY 


A new process for producing kraft pulp 
for paper production was developed by the 
Finnish Paper Institute. The lime circuit of 
the kraft process can be eliminated and the 
process simplified by using 20 pounds of 
borax for every ton of pulp produced. About 
80% of the North American preduction of 
about 40 million tons per year of pulp was 
by the kraft process. The process would be 
economical for new plant construction or 
replacement of kilns.!: 

Amorphous boron transformer materials, 
usually alloys composed of iron, boron, and 
silicon with optional additions of cobalt or 
nickel, showed greatly reduced magnetic 
losses at high frequencies. The cobalt, iron, 
silicon, and boron materials are useful for 
magnetic recording head applications. 

Owing to their stiffness-to-weight and 
strength-to-weight ratios, boron-aluminum 
composites were considered as a structural 
replacement for titanium in advanced gas 
turbine engines. One approach to improving 
metal matrix composite toughness was to 
develop stronger and larger diameter fibers 
by secondary fiber treatment. Larger diam- 
eter boron fibers were produced by chemical 
vapor deposition; however, these fibers have 


generally displayed tensile strengths of the 
commercial boron fiber standard. 

U.S. Borax began production on a film in 
cooperation with the Bureau of Mines en- 
titled Boron—the Light-Heavyweight.” 
Prints of the film are available for circula- 
tion to secondary schools, colleges, and 
other interested organizations. 

A conference on Advanced and Engineer- 
ed Ceramics, held at Tuscaloosa, AL, 
discussed boron nitride powders for ad- 
vanced applications. Also included were 
titanium-boride materials for applications 
in severe conditions of temperature, pres- 
sure, and environment. 

Boride ceramics tailored to meet particu- 
lar applications showed properties of hard- 
ness, strength, and chemical stability. The 
annual production of boron carbides has 
been about 500 tons per year, with the 
dominant production process being carbo- 
thermic reduction. The chemical stability of 
diborides in Hall-Heroult cells for alumi- 
num production, together with their wetta- 
bility by liquid aluminum and high electri- 
cal conductivity, was promising. Energy 
savings of 2596 have been demonstrated 
using titanium-boride replacement for 
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graphite cathodes.!* 

Two finer grades of zinc borate synergist 
were in experimental production. The 3- to 
15-micrometer material was intended for 
use as a flame retardant and smoke sup- 
pressant where nonimpairment of physical 
characteristics is critical. A zinc borate 
coated with a proprietary epoxy material 
was used in the wire and cable industry." 


1Physical scientist, Division of Industrial Minerals. 

*Federal Register. U.S. Environmental Protection Agen- 
RA Standards of Performance for New Stationary Sources; 

onmetallic Mineral Processing Plants. V. 50, No. 148, 
Aug l. 1985, pp. 31328-31340. 

*Chemical Week Armco Composites for Owens-Corning. 
V. 137, No. 9, 1985, pp. 11-12. 

English. L. K. Aerospace Composites. Mater. Eng., 
v. 102, No. 4, 1985, pp. 32-36. 

*Chemical Week. Chemicals: The New Foundation for 
Housing Starts. V. 137, No. 14, 1985, pp. 6-10. 

*Lehman, R. L. Microcomputers Can Be Used To opt 
ne Ss? Formulation. Glass Ind., v. 66, No. 8, 1985, 
pp. 14-17. 
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"Chemical Week. The New Supermagnets: More Pull 
and Less Weight. V. 137, No. 20, 1985, pp. 61-63. 

s . Advanced Ceramics: How the Chemical Ind 
Invests in a High-Tech Material. V. 137, No. 25, 1985, 
pp. 32-36 


*Norman, J. C., and K. N. Santini. An Overview of 
Occurrences and Origin of South American Borate Depos- 
its With a Description of the Deposit at Laguna Salinas, 
Peru. Paper in Borates: Economic Geology and Production. 
Soc. Min. Eng. AIME, 1985, pp. 53-69. 

lPDickson, T. Etibank at Kirka—Frum Ore to Deriva- 
tives. Ind. Miner. (London), No. 210, 1985, pp. 65-67. 

‘Janson, J. Auto Causticing Alkali and Its Use in 
Pulping and Bleaching Paper. Puu (Finland), v. 61, 1979, 
p. 495. 
i ite, R. M. Opportunities in Magnetic Materials. 
Science, v. 229, 1985, pp. 11-15. 

13DiCarolo, J. A. Fibers for Structurally Reliable Metal 
and Ceramic Composites. J. Met., v. 37, No. 6, 1985, 
pp. 44-49. 

U.S. Department of the Interior, Bureau of Mines. 
News Release. May 23, 1986; contact Ann Englund (202) 
634-1008. 

18Ceramic Industry. Raw Materials for Advanced and 

ineered Ceramics. V. 125, No. 5, 1985, pp. 32-33. 

18 Robbins, J. Advanced Ceramice—A Plea To Know 
More. Ind. Miner. (London), No. 211, 1985, pp. 75-81. 

1? Modern Plastics. Flame Retardants. V. 62, No. 9, 1985, 
pp. 63-65. 


Bromine 


By Phyllis A. Lyday’ 


Of the 835 million pounds of bromine dom, 7%; six other countries accounted for 
produced worldwide in 1985, the United the remainder of world output. The US 
States produced 38%, followed by Israel, portion of world production has decreased 
26%; the U.S.S.R., 18%; the United King- since 1973, when the United States produc- 


Table 1.—Salient bromine and bromine compound statistics 
(Thousand pounds and thousand dollars) 


1981 1982 1983 1984 1985 
United States: 
Bromine sold:! 
,, AAA e eee 60,790 a (?) à (3) 
%·Üéeq et ee ee eee wees $11,000 (*) (?) 3) B) 
Bromine used: 
Quantity coo cee eee ose aan 316,307 à (2) (2) 
Value 2- ile ee re ae SU EE $75,100 (3) (3) à 5 
Elemental bromine: 
Wann Ww NA 34,500 468.200 46.252 
%/ôÜ⁰Ü˙%⁊ẽ. yu y er ge W NA 231.000 315.200 31.400 
Bromine com 
Gross y 67,500 $55,600 561.300 553,200 561,000 
Contained brom ins 56.000 547 200 552,000 545.100 551,900 
„ $33,100 321.100 321.600 316.200 323.400 
imports: 
Ammonium bromide: 
Gross weight 678 1,599 1,634 1,450 2,786 
Con brom ine 553 1,304 1,333 1,183 2,729 
pil soot x 8 $436 $989 $962 $1,593 
Calcium bromide: 
Gross weight 22 82 1,722 1,598 5,093 
bromine- eee 18 65 1,377 1,278 4,072 
Valus- LL es ie eet oe ae $6 $40 $900 $203 $917 
Potassium bromate: 
ross weight *362 390 679 661 1,069 
Mun eh tS cee ce oO 174 187 325 350 512 
%%% mts ee eae mu $323 $336 $572 $610 $899 
Potassium bromide 
Gross Rie etic aang idet 107 281 436 367 968 
bro min 72 189 293 246 650 
Ä ⁰¹iVͥͥ Se ĩK clade i us $80 $204 $303 $268 $685 
Sodium bromide 
Gross weight 20 645 2,534 1,916 2,901 
Contained bromine -____- 16 501 1,927 1,488 2,253 
% ee ee ³⁰ A $12 $423 $971 1 31.108 
Gross a a ark etre EE 7,983 6,191 12,070 15,150 10,087 
Con bromin ~~ _ 4,755 4,060 10,241 11,535 6,863 
VT Lo ou ðVLçã! ⁰ʒ et ,068 $3,953 $8,105 $8,210 $5,863 
World: Production 758,346 "843,963 801,863 873,550 835,090 


"Estimated. Preliminary. Revised. NA Not available. W Withheld to avoid disclosing company proprietary 


oo mi peres sold as such to nonproducers, including exports, or used in the preparation of bromine compounds 
ucers. 

ine sold or used estimated at 401 million pounds in 1982, valued at $103 million; 370 million pounds in 1983, 

valued at $91 million; 385 million pounds in 1984, valued at $95 million; and 320 million pounds in 1985, valued at $80 


mi 
Bureau of the Census. 
*The Journal Commerce Port Import/Export Reporting Service. 
“Bureau of the Census. Includes methyl bromide and ethylene dibromide. 195 
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ed 71% of the world supply. The decrease in 
world share has been a result of environ- 
mental regulations and the emergence of 
Israel as a major producer. In 1985, five 
companies operated nine bromine produc- 
ing plants in Arkansas and Michigan. The 
quantity of bromine sold or used in the 
United States was about 320 million pounds 
valued at $80 million. Exports of bromine 
contained in compounds amounted to 52 
million pounds. Prices of elemental bromine 
in bulk were listed between 33 and 34.5 
cents per pound. Primary uses of bromine 
compounds were as a scavenger for lead in 
gasoline, oil and gas well fluids, and flame 
retardants. 

Domestic Data Coverage.—Domestic da- 
ta for bromine are developed by the Bureau 
of Mines from a voluntary survey of U.S. 
operations. Of the nine operations to which 
a survey request was sent, all responded, 
representing 100% of total elemental bro- 
mine sold or used. 

Legislation and Government  Pro- 
grams.—The Environmental Protection 
Agency (EPA) ordered the quantity of lead 
in gasoline to be reduced to 0.1 gram per 
gallon by January 1, 1986.* Regulated lead 
reductions posed a concern to the bromine 
industry because they had the effect of 
decreasing demand for a major bromine 
chemical, ethylene dibromide (EDB), as a 
lead scavenger in automotive engines. 

On March 12, use of EDB as a fumigant 
on certain fruits and vegetables was 
canceled. An extension for use of EDB on 
mangoes was denied. Àn EPA position pa- 
per to the U.S. Department of State stated 
that as of September 1, “Imported mangoes 
with EDB residues would be prohibited 
from entry into the United States.“ 

The U.S. Department. of Agriculture was 
in the process of computerizing a directory 
of ground water research projects. The data 
were being compiled on 46 Federally funded 
projects. Included in the study were four 
reports on EDB and three reports on dibro- 


MINERALS YEARBOOK, 1985 


mochloropropane (DBCP).* 

Yearend legislation to renew the Compre- 
hensive Environmental Response, Compen- 
sation, and Liability Act of 1980 (Su- 
perfund), which had expired at yearend 
1984, was still under consideration. One of 
the concerns was the inequities of the law 
that allowed taxes to be avoided on import- 
ed chemical intermediates. During 1984, 
only 7 of the 20 largest volume organic 
chemical imports had been taxed under the 
existing law, yet these chemicals contribute 
to pollution.* 

EPA proposed to amend regulations un- 
der the Resource Conservation and Recov- 
ery Act (RCRA) by listing two wastes gen- 
erated during the production of methyl 
bromide.’ 

The Occupational Safety and Health Ad- 
ministration (OSHA) determined that the 
current permissible workplace exposure 
limit of 20 parts per million (ppm) of EDB 
did not provide workers adequate protection 
against cancer and other adverse health 
effects. OSHA was in the process of re- 
viewing provisions to be included in the 
final standard.* 

EPA granted Arkansas final RCRA au- 
thorization effective January 25 that dele- 
gated to the State dual State-Federal regu- 
latory authority. EPA was to continue ad- 
ministering and enforcing the prohibition 
requirements of the Hazardous and Solid 
Waste Amendments until the State receives 
authorization.* 

Great Lakes Chemical Corp. filed a third- 
party complaint against EPA in the U.S. 
District Court for the Western District of 
Washington at Seattle alleging that the 
agency was liable for damages the plaintiffs 
assert resulted from contamination of 
ground water with EDB. The three causes of 
action against the agency were as follows: 
breach of contract and implied warranties; 
exceeding statutory authority; and negli- 
gence, trade libel, and commercial dispar- 
agement.'° 


DOMESTIC PRODUCTION 


Three companies comprising the US 
Bromine Alliance accounted for over 99% of 
U.S. elemental bromine capacity. Great 
Lakes had become the largest producer in 
1981 with its acquisition of the bromine 
assets of Velsicol Chemical Corp., giving 
Great Lakes a major control of total domes- 
tic plant capacity that included Arkansas 


Chemicals Inc. In 1985, Great Lakes, The 
Dow Chemical Co., and Ethyl Corp. account- 
ed for 43%, 32%, and 24% respectively, of 
plant capacity. Plant capacity did not re- 
flect production capacity, which was de- 
pendent upon brine supplies, bromine con- 
centration in the brine, and individual 
plant extraction processes. Arkansas brines 


BROMINE 


contained about 5,000 ppm and Michigan 
brines about 2,600 ppm of bromine. The 
only other domestic elemental bromine pro- 
ducer was Morton Thiokol Inc., which was 
the only domestic producer of some inorgan- 
ic bromides. 
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Dow operated one plant in Arkansas and 
two in Michigan. Plans continued to phase 
out brine production at the Midland, MI, 
plant in 1986 and to continue brine oper- 
ations at Ludington, MI, and Magnolia, AR. 


Table 2.—Bromine producing plants in the United States in 1985 


Elemental 


ee 
Production plant 

State and company County Plant SoUTce capacity! 
(million 
pounds) 

Arkansas: 
Arkansas Chemicals Inc... Union El Dorado Well brines 50 
The Dow Chemical eo Columbia Magnolia ----dọ ~- 110 
Ethyl Corp --------------------- DESC" ANDER ----d0 ais D aed. incu 160 
Great Lakes Chemical Cord Union El Dorado ets edo eie 105 
Do. ee i cU 8 i HOO! scu Marysville.. . ue SAO? sus 80 
;öÜö§i½ 8 Se oO eS El Dorado Seco. cz cu 50 

Michigan: 
The Dow Chemical Co... ason ___ Ludington .. — eee: (GE 20 
Dó es he ⁵ðVNA ³ Midland Midland e PR 85 
Morton Thiokol Inc . «kr Manistee — Manistee_ _ — red | eri 5 
gp EE 665 


Chemical Marketing Reporter. Chemical Profile. V. 228, No. 4, 1985, pp. 53-54. 


CONSUMPTION AND USES 


Demand for EDB decreased because of 
reduced demand for leaded gasoline as a 
consequence of the regulation of lead con- 
centration. New regulations were to begin 
January 1, 1986, that would allow 0.1 gram 
of lead per gallon of gasoline. The bromine- 
to-lead ratio in gasoline used in the United 
States has averaged 0.386, or 1 pound of 
bromine for approximately every 2.59 
pounds of lead. Domestic production in 1985 
was estimated at 103 million pounds of EDB 
containing about 88 million pounds of bro- 
mine for domestic and exported consump- 
tion. Ethyl closed its remaining Baton 
Rouge, LA, antiknock manufacturing units 
and exported leaded antiknock products 
produced by E. I. du Pont de Nemours & Co. 
Inc. through a joint venture agreement that 
included all domestically produced anti- 
knocks. 

The 1983 ban on EDB for fumigant and 
certain pesticide uses had brought about 
substitution with methyl bromide. Domestic 
methyl bromide consumption was estimated 
at 42.5 million pounds in 1985. Ethyl and 
Great Lakes were the sole domestic produc- 
ers with 8 and 36 million pounds of capaci- 
ty, respectively. Dow had closed 21 million 
pounds of capacity at Midland, MI, in 1983. 
Distribution of methy] bromide in 1985 was 


as follows: soil fumigant, 65%; space fumi- 
gant, 15%; chemical manufacturing, 10%; 
and exports, 10%." 

Inorganic synergists containing bromine 
fulfilled a need to produce fire retardant 
products that reduce smoke by enhancing 
the effectiveness of the active agent. The 
emphasis was on brominated compounds 
that boost performance but do not affect 
basic properties. Brominated compounds 
were used to make fire retardants for a wide 
variety of thermoplastics such as polycar- 
bonate, polypropylene, nylon, polystyrene, 
epoxies, polyesters, urethanes, and poly- 
ethylene terephthalate. For example, alkyl 
ethers and methacrylate esters of brominat- 
ed bisphenol-A and vinyl bromide were used 
in the production of fire retardants for 
thermoplastics. During 1985, domestic con- 
sumption of bromine compounds in flame 
retardants, reported by the Fire Retardant 
Chemicals Association, was 37.4 million 
pounds. Bromofluorocarbon fire extinguish- 
ers were more versatile than sodium bicar- 
bonate or carbon dioxide extinguishers be- 
cause they could be used on all classes of 
fires, were nontoxic, and left no residues. 

Solids-free bromide solutions formulated 
in densities of 11 to 15.5 pounds per gallon 
were used alone or in combination with 
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calcium chloride in "completion" and 
“workover” fluids for oil and gas wells. 
Accounting for between 25% and 30% of 
domestic bromine consumption, the fluids 
have been developed to only about 5% of 
their potential market in oil and gas 
drilling. However, the plunge in oil prices 
reduced well completions and decreased 
consumption of bromine compounds in drill- 
ing. Until 1982, sodium bromide had been 
used mainly in chemicals for photography, 
water treatment, pharmaceuticals, bleach- 
ing agents, and the formulation of other 
inorganic and organic chemicals; its usage 
in well completion had been limited to wells 
in Alaska and offshore California. Bromide 
well completion fluids were often used in 
the last 100 feet of drilling as a substitute 
for barite mud because they are clear, do 
not contaminate the oil-bearing formation, 
and have enough density to contain the 
formation pressures. Drillers commonly 
used sodium bromide, calcium bromide, or 
zinc-calcium bromide. If calcium was pres- 
ent in the formation, the introduction of 
calcium bromide could cause the well to 
plug in some instances; therefore, sodium 
bromide was used most widely. About 80% 
of the demand for sodium bromide in 1985 
was in well drilling. 

Bromine chloride was considered more 
effective than other chlorine chemicals in 
killing microorganisms and was nonirrita- 
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tive to the eyes and nose. Bromochlorodi- 
methyl hydantoin was being sold as a sani- 
tizer for pools, spas, and hot tubs. A bro- 
minated compound was also used as a pre- 
servative-inhibitor in emulsions and disper- 
sions. 

AmeriBrom Inc. was seeking registration 
of dibromonitrilopropionamide as a biocide. 
Consumption of chemicals in water and 
waste water treatment was estimated at $2 
billion. A report by Frost & Sullivan Inc. 
forecast the market to rise by 6.5% per 
year. Chlorine was forecast to continue to 
be the most widely used disinfectant, but 
use of hypochlorites and other halogens 
such as bromine was expected to grow four 
times as fast. 

Other uses of bromine included a bromine 
compound used as an intermediate in the 
manufacture of metaphenoxybenzaldehyde 
for production of synthetic pyrethroids, 
such as fenvalerate, cypermethion, deca- 
methrin, and permethrin. Potassium bro- 
mide and sodium bromide emulsions were 
used in photographic films, plates, and pa- 
pers. Potassium bromate was also used in 
photographic film development. 

One brominated dye was reported in use 
as an organic pigment in "Synthetic Organ- 
ic Chemicals, 1984," published by the U.S. 
International Trade Commission. Pigment 
Red No. 168 was reported to have been 
produced by Mobay Chemical Corp., Dyes 
and Pigments Div. 


Bromine was sold under contracts nego- 
tiated between buyer and seller. Price quo- 
tations do not necessarily represent prices 
at which transactions actually occurred, nor 


do they represent bid and asked prices. 
They were quoted here to serve only as a 
guide to yearend price levels. 


Table 3.—Yearend 1985 prices for elemental bromine and selected compounds 


Value per 
Product pound icents) 
Ammonium bromide, National Formulary (N.F.), granular, drums, carlota, truckloads, freight 
JF!!! - - » H»„»(iH fkk): uL E 181 
Bromine, purified: 
Carlots, truckloads, deliver .d 75 
Drums, carlots, truckloads, delivered east of the Rocky Mountain 87 
Bulk tank car, tank trucks (45,000-pound minimum), delivered east of the Rocky Mountains: 33- 34.5 
Bromochloromethane, drums, carlots, f.o.b. Midland, au˖iꝶiuM*clXkæłu lw P 112 
Calcium bromide, bulk, 14.2 pounds per gallon at 60° F, f.o.b. ork) 21- 36 
Ethyl bromide, technical, 98%, drums, carlots, freight allowed, Eat 16 
Ethylene dibromide, drums, carlots, freight equalized _ - - - - - --------—------------ 38- 46 
Hydrobromic acid, 48%, drums, carlots, truckloads, f.o.b. works |... „„ „„ 38.5 
Hydrogen bromide, anhydrous, cylinders, extra 30,000 pounds, f ob. works .-—------------—-- 700 
ethyl bromide, distilled, tanks, 140,000-pound minimum, freight allowed `... 56.15 
Potassium bromate, pona powdered, pound drums, carlots, f.o.b. works e 106 
Potassium bromide, N.F., granular, drums, carlots, f.o.b. work... 112 
Sodium bromide, 99% granular, 400-pound drums, freight, f.o.b. works 104 


Delivered prices for drums and bulk shipped west of the Rocky Mountains, 1 cent per pound higher. Bulk truck prices 


1 to 2.5 cents per pound higher for 30,000-pound minimum and 4 to 5.5 cents per poun 


Reported to the Bureau of Mines by primary producers. 


higher for 15,000-pound minimum. 


Source: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 228, No. 25, Dec. 16, 1985, 


pp. 40-48. 
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FOREIGN TRADE 


EPA granted a one-time extension of 4 
months for exports to Japan of domestic 
citrus fruit treated with EDB. Japan had 
refused to accept cold-treated citrus as a 
substitute because of the damage cold treat- 
ment had caused to 1984 shipments.'* 

Israel has enjoyed a margin of tariff 
preference for imports of bromine com- 
pounds into Japan of 7.9% to 9.6% more 
than U.S. producers. When the staged re- 
ductions agreed to during the Multilateral 
Trade Negotiations are completed, the 
range in the margin of preference was 
expected to be reduced to between 3.8% and 
7.9% because Israeli bromine chemicals en- 
ter Japan duty free. U.S. producers had 
increased tetrabromobisphenol-A prices to 
Japan by 12% in 1983 and by 17% in 1984. 
A similar pattern of price increases had 
prevailed for other major flame retardants. 
U.S. producers, in effect, set their prices, 
c.i.f. Japanese port, to be competitive with 
the Japanese import price of Israeli prod- 
ucts.'* For all products, U.S. prices, exclud- 
ing duty, increased more rapidly but, never- 
theless, remained below Israeli prices. Ad- 
ding the duty differentials to U.S. prices 
actually raised them above the Israeli 
prices." Israeli flame retardants had been 
sold out until 1984, but increased Israeli 
production capacity was expected to change 
the market share in Japan in favor of 
Israel. 

On June 11, the United States-Israeli 
Free Trade Area Agreement (Public Law 
99-47) was signed into law. The agreement 
wil] eliminate customs duties on all trade 
between the two countries during a 10-year 
reduction in duties beginning on September 


1, 1985, and ending on January 1, 1995. The 
phaseout covered most of the significant 
products manufactured by the domestic bro- 
mine industry. For most of the high-profit 
brominated flame retardants, tariffs will 
remain for at least 5 years because they 
were among the products most affected by 
the agreement. Protected bromine chemi- 
cals included primarily brominated fire re- 
tardants such as tetrabromobisphenol-A, 
decabromodiphenyl oxide, and octabro- 
modiphenyl oxide. A number of domestic 
producers of bromine compounds could be 
adversely impacted by unfair competition 
from imports from Israel. On June 13, 1985, 
an amendment to the Generalized System 
of Preferences (GSP), Executive Order 
12519, provided separate import categories 
for selected bromine compounds, thereby 
allowing the Government to monitor im- 
ports. Ammonium bromide and calcium 
bromide were each given separate numbers 
for the Tariff Schedule of the United States 
(TSUS), and eight other brominated com- 
pounds collectively were given one num- 
ber.** The U.S. Bromine Alliance composed 
of Dow, Ethyl, and Great Lakes had propos- 
ed a total exemption, alleging that a free- 
trade pact could cause the domestic indus- 
try damage because of the collateral effects 
of the phasedown of EDB as an additive in 
leaded gasoline. The alliance predicted im- 
ports of Israeli bromine products would rise 
from $9.7 million in 1983 to more than $40 
million by the end of the decade. It claimed 
that the U.S. industry could not compete 
because of Israel's state-supported bromine 
industry, access to cheap raw materials, and 
Government-owned shipping. 


WORLD REVIEW 


The Pesticide Action Network (PAN), an 
international coalition of about 300 environ- 
mental and consumer groups, launched a 
worldwide campaign to put tighter controls 
on the export and labeling of pesticide 
products. PAN listed 12 pesticides, includ- 
ing DBCP as the greatest polluters.” 

Australia.—The Australian Transport 
Advisory Council (ATAC), representing 
each State and the Commonwealth, rec- 
ommended that unleaded gasoline be made 
available beginning July 1, 1985. ATAC also 
agreed that automobiles manufactured af- 
ter January 1, 1986, and most other vehi- 
cles, after July 1, 1988, should be designed 
to run on unleaded gasoline. In New South 


Wales, compliance of all motor vehicles was 
to become compulsory on January 1, 1986. 
These decisions could adversely affect the 
use of EDB as a scavenger for lead in 
gasoline and decrease the demand for 
bromine.*! 

Canada.—Legislation that reduced the 
limit for leaded gasoline from 0.77 gram per 
liter (g/l) to 0.29 g/l beginning January 1, 
1987, was expected to have the effect of 
decreasing the use of EDB as a lead scaven- 
ger by about 23% the first year.™ 

China.—A 1-million-pound-per-year bro- 
mine extraction unit began operation in 
October at the Laizhou Bromine Works, 
Jinan, Shandong. The unit was supplied 
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with brines from wells in the area. Four 
additional units were scheduled for con- 
struction at the plant between 1986 and 
1990. 

European Economic Community.—The 
trend toward a lead-in-gasoline limit of 0.15 
g/l continued to affect the consumption of 
bromine in Europe. At the beginning of the 
year, Austria, the Federal Republic of Ger- 
many, Norway, Sweden, and Switzerland 
were enforcing the 0.15-g/l limit for all 
leaded gasoline. In Denmark, the limit ap- 
plied initially to regular gasoline only, but 
was extended to premium gasoline in July. 
Belgium, Finland, the Netherlands, and the 
United Kingdom planned to reduce lead 
limits to the same level in the near future, 
and the European Economic Community 
issued a proposal for a directive requiring 
all member states to enforce à maximum 
lead limit of 0.15 g/l by July 1, 1989. 

Israel.—Israel Chemicals Ltd. (ICL) was 
interested in selling a 26% share of the firm 
to offset an investment program. ICL also 
agreed, in principle, to issue shares of its 
Dead Sea Bromine Co. Ltd. (DBC) subsidiary 
on the American Stock Exchange to raise 
capital for major expansion projects. These 
projects included the Dead Sea Works Ltd.'s 
(DSW) planned expansion of potash produc- 
tion capacity, which would increase the 
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supply of brines for production of bromine 
by 43%. Total investment was announced at 
nearly $1 billion and also included expand- 
ed chlorine production. Brines from the 
potash process, containing about 14,000 
ppm bromine, were processed at a bromine 
plant at Sdom. DBC completed an expan- 
sion of bromine and bromine compounds 
production to 120,000 and 100,000 tons per 
year, respectively, and was actively develop- 
ing markets for bromine compounds, such 
as fire retardants, agricultural chemicals, 
and oilfield chemicals. ICL announced 
record-high total earnings for the 1984-85 
fiscal year, up nearly 50% to $56 million. 
The company was spared the economic 
effects of the declining market for EDB. 
Much of the increase was attributed to a 
move into downstream operations, includ- 
ing the bromine and bromine compounds 
operations of DBC. The effort was designed 
to increase the group’s foreign sales rapidly 
from $381 million in 1984-85 to an annual 
level of more than $700 million. Exports of 
the group expanded by 15% in 1984 and 
were projected to double within 5 years. In 
addition, the complex also produced salt 
and magnesium oxide as byproducts. DSW 
was installing two plants to produce 300,000 
tons per year of potassium sulfate as anoth- 
er byproduct. 


Table 4.—World bromine plant capacities and sources 


Country and company 


China: 
Laizhou Bromine Work 
France: 


ce: 
Arr. 8 
Germany, Federal Republic of: 
Kali und Salz AG: 
Bergmannssegen-Hugo Mines 
Salzdetfurth Mine 
India: 
Hindustan Salts Ltd 
Mettur Chemicals 
Tata Chemicals `. ___- 


Dead Sea Bromine Co. Ltd_________-______-_- 
ii^ 
ietà Azionaria Industrial Bromo Italiana 
Japan: 
Asahi Glass Co. Ltd 


Toyo Soda Manufacturing Co. Ltd 
Spain: 

Derivados del Etilo S.aũaĩeek .--- 
U.S.S.R.: 


NEE 
United Kingdom: 
Associated Octel Co. Led. 


NA Not available. 


Capacity 


Location (million Source 
pounds) 

Shandong ... 1 Underground brines. 

Port-de-Bouc_ _ 30 Seawater. 

Mulhouse 19 Bitterns of mined potash 
production. 

Lehrte 

8 Do. 

Bad 

Salzdetfurth. 

Jaipur _____ 

Mettur Dam 1.6 Seawater bitterns from 
salt production. 

Mithapur- _ _ — 

Sdom .....- 220 Bitterns of potash produc- 
tion from surface 
brines. 

Margherita di 2 Seawater bitterns from 

Savoia. salt production. 

Kitakyushu _ _ 9 Seawater bitterns. 

an yo 26 Do. 

Villaricos 2 Seawater. 

NX 150 Well brines. 

Amlwch .... 66 Do. 


BROMINE 


New Zealand.—The Government planned 
to reduce the present lead limit in gasoline 
from 0.84 to 0.45 g/l at a future date. The 
implementation could result in decreased 
consumption of bromine by about 15% the 
first year.“ 

U.S.S.R.—A new complex to produce tet- 
rabromobisphenol was planned at Nebit- 
Dag. Scientists of the Turkmen Academy of 
Sciences Institute of Chemistry researched 
ways to extract other coproducts from the 
bromine and iodine brines. The production 
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of bromine and iodine at another plant was 
also to be expanded. The completion of the 
new plant and the expansion of existing 
halogen production capacity would make 
the complex the largest enterprise in the 
chemical sector. Another iodine plant at 
Neftechala was to include ion-exchange 
equipment through which the product 
would cascade to processing equipment at a 
lower level, but footings for the equipment 
had been installed for only one level.” 


Table 5.—Bromine: World production, by country! 


(Thousand pounds) 
Country? 1981 1982 1983 1984” 1985* 

ETHER ERR NONSE ERES ͤ K TORRE NISUS 36,000 737,000 735,000 731,000 44,000 

at Federal Republic of `. 7,864 6,775 6,914 7,288 6,000 
lbdia o mi Oe a ee 770 770 770 770 770 
Loesch EE ⁵ 97,047 154.000 154,000 198,400 220,000 
J) Stree ee a hs er 1,320 1,320 1,100 1,100 1,320 
Ü Ü˙¹ V ee 26.500 26.500 26,500 26,500 26,500 
TEEN 900 800 700 660 800 
EN SE ae 8 150,000 150,000 150,000 154,000 154,000 
United Kingdom. - - -- ---------------------— 60,848 65,698 56,879 62,832 61,700 
United Statmeeee „„ $377,097 401,100 370,000 385,000 320,000 
rr Rom ate ee ae a et LEE 758,346 843.963 801,863 873,550 835,090 


*Estimated. Preliminary. Revised 
Table includes data available through May 6, 1986. 


in addition to the countries listed, several other nations produce bromine, but output data are not reported, and 
available general information is inadequate for formulation of reliable estimates of output levels. 


ported figure. 
Bold or used by producers. 


TECHNOLOGY 


Great Lakes continued research on poly- 
crystalline silicon manufacture using bro- 
mine. Polycrystalline silicon of ultrahigh- 
purity semiconductor grades (99.97% pure) 
is obtained by reduction of purified tetra- 
chlorosilane or trichlorosilane with purified 
hydrogen. Bromosilanes could also be used 
in making polycrystalline silicon. J. C. 
Schumacher Co. announced plans to start a 
To-ton-per-year pilot plant to produce bro- 
mosilanes using a bromine process. 

The stoichiometry and relative rate of 
bromochloramine oxidation of a substance 
in the presence of monochloramine were 
described. The results were important not 
only because the methods have been used to 
measure oxidants in the environment under 
conditions where bromochloramine may be 
present, but also because they were believed 
to be the first describing the reaction of 
bromochloramine with any substance. 

The U.S. Department of Energy (DOE) 
contracted with Exxon Research and Engi- 


neering Co. to produce a zinc-bromine bat- 
tery that powered Ford's ETX electric test 
vehicle. This was the first advanced second- 
ary battery to power an electric vehicle 
successfully. DOE also contracted with En- 
ergy Research Corp. to produce a 50-kilo- 
watt-per-hour battery module that would be 
joined to supply a 500-kilowatt-per-hour sta- 
tionary energy storage battery. After test- 
ing, a 100-megawatt-per-hour zinc-bromine 
battery could be used by utility companies 
to level their demand loads. 


physical scientist, Division of Industrial Minerals. 

Federal Register. Environmental Protection Agency. 
Regulation of Fuels and Fuel Additives; Gasoline Lead 
Content. V. 50, No. 45, Mar. 7, 1985, pp. 9386-9399. 
. Environmental Protection Agency. Deletion of 
1 f Treatments Usin ng EDB on Citrus Fruits, Papa- 
yas, and Other Fruits and Vegetables. V. 50, No. 48, Mar. 
12, 1985, pp. 9786-9787. 

*Pesticide & Toxic Chemical News. Alternatives for EDB 
on Mangoes not in Sight. V. 13, No. 43, 1985, Sc 10. 

5— ——. USDA Compiling Computerized Di rectory of 
Pesticide Groundwater Projects. V. 13, No. 42, 1985, p 

Chemical Week. How Superfund Taxes are “Avoided.” 
V. 136, No. 14, 1985, p. 9. 
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"Federal Register. Environmental Protection Agency. 
Identification and Listing of Hazardous Waste Manage- 
ment System. V. 50, No. 80, Apr. 25, 1985, pp. 16432-1 ; 
x . U.S. Occupational Safety and Health Adminis- 
tration (Dep. Labor). Ethylene Dibromide. V. 50, No. 82, 
Apr. 29, 1985, p. 17455. 

*Pesticide & Toxic Chemical News. Arkansas, New 
Mexico Granted Final RCRA Authorization by EPA. V. 14, 
No. 10, 1985, p. 18. 

ae Great Lakes Files Third Party Complaint 
Against EPA Over EDB. V. 14, No. 8, 1986, pp. 13-14. 

Chemical Marketing Reporter. Chemical Profile. 
V. 227, No. 7, 1985, p. 54. 

12Verbanic, C. J. Is 1986 Bromine's Turnabout Year? 
Chem. Bus., v. 8, No. 3, 1986, pp. 20-23. 

13Work cited in footnote 12. 

"Manufacturing Chemist. Water Chemical Growth 
“Moderate.” V. 57, No. 1. 1986, p. 21. 

18Toxic Materials News. One-Time, Four-Month Exten- 
sion of EDB on Exported Citrus Granted by EPA. V. 12, 
No. 14, 1985, p. 110. 

161) S. Bromine Alliance. Comments and Observations 
Concerning an Analysis of the Economic Role in the U.S. 
Market of Bromine Compounds Imported From Israel. 
Submitted to U.S. Trade Representative, Jan. 10, 1985, 


9 pp. 
icr Inc. An Analysis of the Economic Role in the U.S. 
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Market of Bromine Compounds Imported From Israel. 
Submitted to U.S. Trade Representative, Nov. 20, 1984, 


23 pp. 

Federal ister. Presidential Documents. V. 50, No. 
116, June 17, 1985, pp. 25037-25062. 

ib European Chemical News. ECN Market Report. V. 44, 
No. 1166, 1985, p. 8. 

Chemical Week. Pushing To Tighten Pesticide Ex- 
ports. V. 136, No. 24, 1985, pp. 17-18. 

international Lead and Zinc Study Group (London). 
Lead in Gasoline, 1985. Feb. 1985, 14 pp. 

Work cited in footnote 21. 

Work cited in footnote 21. 

** Work cited in footnote 21. 

Darin. an, K. Ashkhabed Turkmenskaya Iskra (in 
Russian), July 19, 1982, p. 4. 

3*Gopanyuk, S. Irresponsibility Slows Construction on 
Neftechala Iodobromite Plant. Baku Vyshka (in Russian), 
Apr. 10, 1982, p. 2. 

Chemical Week. A Bromine Route to High-Purity 

Silicon. V. 136, No. 23, 1985, pp. 11-12. 

Valentine, R. L. Bromochloramine Oxidation of N,N- 
Diethyl-p-phenylenediamine in the Presence of Monochlo- 
ramine. Environ. Sci. Technol., v. 20, No. 2, 1986, pp. 166- 


Chemical Marketing 
Zinc/Bromine Studied for New 
1985, pp. 7, 26. 


rter. Sodium/Sulfur, 
tteries. V. 228, No. 22, 


Cadmium 


By Patricia A. Plunkert! 


Domestic production of cadmium metal 
decreased only slightly in 1985, despite the 
closure of a domestic zinc refinery and its 
cadmium plant in April. A reduction in the 
total inventories of cadmium metal and 
cadmium compounds together with an in- 
crease in imported metal led to an increase 
in apparent consumption of cadmium. Can- 
ada continued as the principal source of 
imported cadmium. The price of cadmium 
metal declined, continuing a trend that 
began in mid-1984. 

Domestic Data Coverage.—Domestic pro- 


duction data for cadmium metal and com- 
pounds are developed by the Bureau of 
Mines from a voluntary survey of US 
operations. Of the five metal-producing 
plants to which a survey request was sent, 
all responded, representing 100% of the 
total cadmium metal production shown in 
tables 1 and 5. Of the 11 operations that 
produced cadmium compounds to which a 
survey request was sent, all responded, 
representing 100% of the cadmium content 
of production of cadmium compounds 
shown in tables 3 and 4. 


Table 1.—Salient cadmium statistics 


United States: 
Production ieee metric tons. . 
Shipments by producer do- 
„„ lona eie eos een ooo ee thousands. _ 

o metric tons 

Imports for consumption, metall do- 
Apparent consumption ~ - - - --- --------- do.... 
Price: Average per pound? __----------------- 
World: Production metric (ong . 


Estimated. Preliminary. Revised. 


1981 1982 1983 1984 1985 
1,603 1,007 1,052 1,686 1,608 
1,382 1,832 1,495 1,811 1,791 

$3,838 $2,628 $1,786 $2,581 $2,436 

239 11 170 106 86 
3,090 2,305 2,196 1,889 1,988 
4,378 3,728 3,763 3,300 3,720 
$1.93 $1.11 $1.13 $1.69 $1.21 
17,380 116,422 17.527 219,171 218.662 


Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used directly in 


production. of compounds. 
zIncludes metal consumed at producer plants. 


Average quoted price for cadmium sticks and balls in lots of 1 to 5 tons. 


Legislation and Government Pro- 
grams.—On July 29, the Environmental 
Protection Agency (EPA) announced the 
availability of nine ambient water quality 
criteria documents that updated and revis- 
ed previously published criteria. Cadmium 
is one of the nine substances for which 
revised criteria were published. The docu- 
ment detailed acceptable cadmium concen- 
tration levels for both freshwater and salt- 
water systems. 

On October 16, the EPA issued a notice of 
intent to list cadmium as a hazardous air 


pollutant and to establish emission stand- 
ards under the Clean Air Act. 

The Comprehensive Environmental Re- 
sponse, Compensation, and Liability Act of 
1980 (Public Law 96-510), commonly known 
as the Superfund, expired on September 30, 
1985. Various reauthorization bills, such as 
S-51 passed by the Senate on September 26 
and HR-2817 passed by the House of Repre- 
sentatives on December 10, were under 
consideration by the Congress. 

On July 8, the White House announced 
that the President had approved the Na- 
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tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the National Defense Stockpile 
would be structured into two tiers. Tier I 
would contain materials required by mili- 
tary, industrial, and essential civilian users 
during a military conflict that would not be 
available from domestic or reliable foreign 
sources. Tier II would contain a supple- 
mental reserve of materials already pos- 
sessed by the Government. The status of 
cadmium was deferred until further detail- 
ed studies could be made. The Department 


MINERALS YEARBOOK, 1985 


of Defense Authorization Act, 1986 (Public 
Law 99-145), signed by the President on 
November 8, stated that no action may be 
taken before October 1, 1986, to implement 
or administer any change in a stockpile goal 
in effect on October 1, 1984, that results in a 
reduction in the quality or quantity of any 
strategic and critical material to be ac- 
quired for the National Defense Stockpile. 
Therefore, as of December 31, 1985, the 
National Defense Stockpile goal for cadmi- 
um metal remained at 5,307 metric tons, 
and the stockpile inventory was 2,871 tons 
of cadmium metal. 


DOMESTIC PRODUCTION 


Domestic production of cadmium metal 
decreased slightly compared with that of 
1984, despite the announced indefinite clo- 
sure by ASARCO Incorporated in April 
1985 of its zinc refinery and cadmium plant 
in Corpus Christi, TX. Prior to its closing, 


this facility was operating at approximately 
50% of capacity. The production of cadmi- 
um compounds decreased significantly in 
1985 with production levels at approximate- 
ly two-thirds those of 1984. 


Table 2.—Primary cadmium producers in 


the United States in 1985 
Company Plant location 
AMAX Inc Sauget, IL. 
ASARCO Incorporated... Corpus Christi, TX, and 
Denver, CO. 
Jersey Minière Zinc Co Clarksville, TN. 
St. Joe Resources co Bartlesville, OK. 


Table 3.—U.S. production of cadmium 
compounds other than cadmium sulfide! 


(Metric tons) 
Quantity 
Year (cadmium 
content) 
TUNI. Ae ee edd at ce x ⁰ ee Se 885 
///»ͤ» V ] ͤ v Nt Pe Shiny en aaa Se 971 
öͤÜö¹ 8 1.024 
o ] «668A ðͤ m cae Gone ha 1.510 
DOG Dre: eye ts ⅛˙ 2S, we et I 1,021 


‘Includes plating salts and oxide. 


Table 4.—U.S. production of cadmium 
sulfide’ 


(Metric tons) 
Quantity 


Year (cadmium 
content) 


l 3 cadmium lithopone and cadmium sulfosele- 
nide. 


CONSUMPTION AND USES 


Apparent consumption of cadmium in- 
creased compared with that of 1984. AI- 
though the Bureau of Mines does not collect 
actual consumption data, apparent con- 


sumption by use categories was estimated 
as follows: coating and plating, 34%; batter- 
ies, 27%; pigments, 16%; plastic stabilizers, 
15%; alloys and other uses, 8%. 


CADMIUM 


Ferro Corp.’s Color Div. introduced a line 
of cadmium pigments, consisting of 16 pure 
pigments and 16 lithopones with color 
ranges from yellow to maroon. SCM Pig- 
ments, a division of SCM Corp., announced 
the development of a new line of cadmium 
pigments that the company reported were 
10% to 25% stronger in tinting strength 
than conventional cadmium pigments.‘ 

Varta Batteries Inc. announced the intro- 
duction of a rechargeable 1.2-volt button 
cell that it believed to be the thinnest 
nickel-cadmium battery ever developed and 
that it reported could be used to miniaturize 
a wide range of products.* 
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Table 5.—Supply and apparent 
consumption of cadmium 
(Metric tons) 

1983 1984 1985 

Stocks, Jan.[lltl;b90: 1,417 732 901 

Production 1.052 1.686 1.603 

Imports, metal... 2,196 1,889 1.988 

Total supply 4,665 4,307 4,192 

ports ~- -----------—- 170 1056 86 

Stocks, Dec. 3l!awMa'iIi 732 "901 686 

Apparent consumption 3.763 "3,300 3,720 
Revised 


1Total supply minus exports and yearend stocks. 


STOCKS 


Total inventories of cadmium in all forms 
decreased approximately 24% compared 
with those of 1984 and reached their lowest 
level in over 30 years. Stocks held by metal 


producers showed the sharpest decline ow- 
ing in part to the closure of Asarco’s Corpus 
Christi refinery. 


Table 6.—Industry stocks, December 31 
(Metric tons) 


1984 1985 
Cadmium Cadmium 
Cadmium in dmium in 
metal com- metal com- 
pounds pounds 
8 208 W 136 w 
ears Toi T548 111 877 
So Tilly RAE. 52 2 59 3 
E 7351 T550 306 380 


"Revised. W Withheld to avoid disclosing company proprietary data; included with "Compound manufacturers." 


PRICES 


At the beginning of 1985, AMAX Inc. 
published a domestic producer price of $1.55 
per pound for cadmium metal whereas St. 
Joe Resources Co. National Zinc Div.'s pub- 
lished price was $1.25 per pound. Both price 
quotes remained at these levels through 
June. On July 2, AMAX lowered its price to 
$1.00 per pound, and on July 25, National 
Zinc also reduced its price to $1.00 per 


pound. Both published domestic producer 
prices for cadmium metal remained at $1.00 
per pound through yearend. 

Dealer prices in January were listed at 
$1.11 to $1.15 per pound for cadmium metal. 
These prices fluctuated during 1985 but 
trended downward to close the year at $0.77 
to $0.83 per pound. 


FOREIGN TRADE 


Exports of cadmium metal and cadmium 
in alloys, dross, flue dusts, residues, and 
scrap decreased compared with those of 
1984. The four largest recipients in 1985, 


in descending order of receipts, France, 
Sweden, Netherlands, and Canada, received 
approximately 80% of U.S. cadmium 
exports. 
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Cadmium metal imports for consumption 
increased compared with those of 1984 but 
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Table 7.—U. S. exports of cadmium metal 


remained well below the average 2,400 tons and cadmium in alloys, dross, flue dust, 
of material imported during the previous 5 residues, and scrap 
year period. The principal supplying coun- 
try continued to be Canada, which provided Yer 3 bim 
over 50% of the total imports in 1985. tons) sands) 
Imports of metal and flue dust from most iod no — ge 
favored nations (MFN) continued to be duty 198ũliUi. i 208 
free. A statutory duty of $0.15 per pound 1985-------------------- 342 
continued to be imposed on cadmium metal 
imported from non-MFN. Source: Bureau of the Census. 
Table 8.—U.S. imports for consumption’ of cadmium metal, by country 
1984 1985 
V i Val 
Ke Sen: (thom al (thou. 
tons) sende) ) 
Australia- _-—-------------------- mMM 363 $792 458 $1,043 
Belgium-Luxembourg - —-----.-.-----------.~----------- 9$ 8 12 96 
eS TEE 3862 2,811 1,044 2,150 
;öĩ§;?w˙ ᷣ . . 47 126 30 61 
La o f Se p Ue uui die 327 119 20 55 
Germany, Federal Republic h 155 348 203 356 
i p ̃ ei EUN FRONS o 2 ES Sé 
Korea, Republic of _ _ - -- ---------------------=-------- 84 191 S — 
! see ³⁰... E 174 $44 162 
J aeree AVA ee EE 85 94 um E 
7 OCHO ioe ras Se ts TIT Se en ase ea 103 227 21 48 
United Kingdooͤ—— 422222 t 13 : e 
Y C SPHERE MS Mir ctp ECCE ve eee = 10 87 24 49 
Nota uxo eric . E 31,889 5,133 1,988 4,122 
1General imports were as follows, in metric tons: 1984— 1,898 and 1985—1,988. 
*Less than 1/2 unit. 
Includes waste and scrap (gross weight). 
*Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
WORLD REVIEW 


Greece.—Metra S.A., a subsidiary of the 
Government-owned Hellenic Industrial De- 
velopment Bank, announced that it was 
granted the rights to develop a 2.6-million- 
ton sulfide ore deposit in the Molai District 
of Laconia. The ore contained lead and zinc 
with some cadmium, copper, and silver. The 
company reportedly planned to mine the 
deposit at the rate of 300,000 tons of ore per 
year for about 10 years.* 

Hong Kong.—Sylva Industries Ltd., a 
wholly owned subsidiary of Gold Peak In- 
dustries, announced that it was the coun- 
try’s first manufacturer of button-type re- 
chargeable nickel-cadmium batteries.’ 

Switzerland.—An evaluation of proposals 
restricting the use of cadmium in Switzer- 


land was begun. Included in the proposals 
were a restriction on cadmium electroplat- 
ing and the importation of most products 
containing cadmium-coated components, 
the enactment of regulations for the recov- 
ery of nickel-cadmium batteries, and the 
progressive reduction of the cadmium con- 
tent in zinc used for galvanizing from 0.1% 
to 0.025% over the next 5 years. These 
proposals require Government approval be- 
fore enactment.* 

Discussions between the Swiss Govern- 
ment and the Swiss Plastics Industries Fed- 
eration resulted in an agreement to restrict 
the annual consumption of cadmium in 
pigments and stabilizers to a maximum of 5 
tons by 1988.* 
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Table 9.—Cadmium: World production, by country 


(Metric tons) 

Country 1981 1982 1983 1984 19855 
Algeria ool 8 65 65 50 50 50 
Argentina —— 21 19 20 20 
Australia (refined). ----------------———— 1,031 1,010 1,104 1,049 1,000 
Austria o io ß eee 48 46 49 50 
Bé linum oua eh Se ere ee ee ee 1,176 996 1,260 1,476 1,200 
WEN WEE 5 73 189 225 225 
UE NODE OE 8 210 200 200 200 200 
Canada (refined) 1,298 T3854 1,456 1,602 1,400 
China o oou et ĩðĩxé' e gt tt te 270 300 300 300 300 
F ⁵ĩ⅛˙ꝛꝛnj ³ arn mr lo eet SE 621 566 616 614 610 
Fri esum YER Emm esum 663 2793 513 563 510 
German Democratic Republic 00 16 16 115 715 15 
Germany, Federal Republic of. 1.192 1.030 1.094 1.111 1,075 
III a MP ðͤ K v ʒ 8 113 131 131 148 194 
i seg 2489 2475 450 520 450 
GT TEE 1,977 2,034 2,214 2,423 2,640 
Korea, Nortns hk k 140 100 100 100 100 
Korea, Republic of... 300 320 320 320 300 
Mexico (refined 590 607 642 511 600 
Namibl&. -2 110 51 40 30 
Netherlands 518 497 513 636 600 
N wo ee cee eee 117 104 117 150 150 
1111 ⁵ ↄ ⁵ ⁵ↄVAVà e E es 307 421 451 390 420 
PIC ͥ ͥ ͥͥ ³5 Ad . 8 580 570 2570 €570 600 
Romania 85 80 80 r75 75 
EE fea arg Seem) Poe ine ea INE 303 286 278 290 300 
7 ee a ek ee eee Ne 2,900 2,900 3,000 3,000 3,000 
United Kingdom 278 354 340 390 375 
United States 1,603 1,007 1,052 1,686 31,603 
Yugoslavia .--.-------------------—--—— 208 174 48 270 250 
ZAITÉ- 1 E eie ert 2230 T280 308 318 320 
Zambia _.—----------------------—-—- ($) ae Au Sei Sg 
Toti] EE 17,380 116,422 17.527 19.171 18.662 


"Estimated. Preliminary. ‘Revised. 

This table gives unwrought production from ores, concentrates, flue dusts, and other materials of both domestic and 
imported origin. Sources generally do not indicate if secondary metal (recovered from scrap) is included or not; where 
known, this has been indicated by footnote. Data derived in part from World Metal Statistics (published by World Bureau 
of Metal Statistics, London) and Metal Statistics (published by Metallgesellschaft Aktiengesellschaft, Frankfurt am 
Main). Cadmium is found in ores, concentrates, and/or flue dusts in several other countries, but these materials are 
exported for treatment elsewhere to recover cadmium metal; therefore, such output is not reported in this table to avoid 


double counting. Table includes data available through Apr. 8, 1986. 


?[ncludes secondary. 
Reported figure. 
*Revised to zero. 


TECHNOLOGY 


Researchers at the Corning Glass Works, 
Corning, NY, reported the discovery of a 
new cadmium-bearing fluoride glass system 
that was 10 times more resistant to water 
corrosion than zirconium-based fluoride 
glasses. The new glass, a mixture of cadmi- 
um, lithium, aluminum, and lead fluorides, 
was developed under an Air Force Office of 
Scientific Research contract aimed at seek- 
ing improved glass systems. The main prac- 
tical advantage of the new glass was its 
higher resistance to water corrosion, which 
could lead to applications in infrared optics 
and optical windows. 

Boeing Aerospace Co. reported the devel- 
opment of thin film polycrystalline solar 
cells with energy conversion levels of nearly 


12%, eclipsing a previous efficiency level of 
9%. The cells were made of copper-indium 
diselenide/zinc-cadmium sulfide and were 
part of an effort to produce solar cells for 
large-scale terrestrial solar power applica- 
tions and for potential uses in space." 
Researchers at Los Alamos National Lab- 
oratory in New Mexico reported the discov- 
ery of a peptide that protected plants from 
being poisoned by toxic metals. The un- 
named compound, a chain of seven amino 
acids, reportedly bound cadmium and al- 
lowed plant cells to tolerate otherwise toxic 
concentrations of the metal. This discovery 
could lead to new methods of growing more 
nutritious crops and to the development of 
biochemical filters that remove toxic met- 
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als. The scientists speculated that the pep- 
tide might be used to scavenge metals from 
contaminated soil, sewage sludge, and waste 
effluent.: 

Developments in cadmium technology 
during the year were abstracted in Cadmi- 
um Abstracts, a quarterly publication avail- 
able through the Cadmium Association, 34 
Berkeley Square, London W1X 6AJ, Eng- 
land. 


1Physical scientist, Division of Nonferrous Metals. 

*Federal Register. Water Quality Criteria; Availabilit 
af Documenti: V. 50, No. 145, July 29, 1985, pp. 307 

3.  —. Assessment of Cadmium Under Section 122 of 


MINERALS YEARBOOK, 1985 


the Clean Air Act. V. 50, No. 200, Oct. 16, 1985, pp. 42000- 
42004. 

Gross. S. Tailor-Made Technology, Pin-Point Marketing 
and High-Yield Resins Spark Vigorous Growth. Chem. 
Week, v. 137, No. 24, Dec. 11, 1985, pp. SAS 3-SAS 46. 

3 Battery Technology. V. 21. No. 4, Apr. 1985. 
p. 6. 

Mining Journal (London). Greek Lead-Zinc Project. 
V. 304, No. 7816, June 7, 1985, p. 406. 
Advanced Battery Technology. V. 21, No. 12, Dec. 1985, 


p. 1. 

*Metal Bulletin (London). Cutting Down on Cadmium. 
No. 7004, July 19, 1985, p. 10. 

*Page 10 of work cited in footnote 8. 

Lasers & Applications. Corning Discovers New Fluo- 
ride Glass System. V. 4, No. 10, Oct. 1985, pp. 30, 32. 

Photonics Spectra. Boeing, Sovonics Boost Efficiency 
of Solar Cells. V. 19, Issue 12, Dec. 1985, p. 8. 

"Chemical & Engineering News. Peptide Protects 
Plants From Cadmium. V. 63, No. 26, July 1, 1985, p. 22. 


Calcium and Calcium 
Compounds 


By Lawrence Pelham! 


Calcium, the fifth most abundant element 
in the Earth’s crust, is very active, and 
occurs in nature in combination with other 
elements. The Bureau of Mines publishes 
individual reports for several of these calci- 
um minerals and compounds. The commer- 
cial name for calcium fluoride is fluorspar; 
calcium carbonate is known as limestone; 
and calcium oxide and hydroxide are called 
lime. Information on these materials can be 
obtained in the “Fluorspar,” “Crushed 
Stone," and "Lime" chapters of the Miner- 
als Yearbook." Other calcium compounds 
are covered in the chapter concerning the 
element with which it is combined; for 
example, calcium bromide is discussed in 
the"Bromine" chapter. This chapter covers 
calcium metal, calcium chloride, and vari- 
ous other calcium compounds not covered 


elsewhere. 

Calcium metal was manufactured by one 
company in Connecticut. Natural calcium 
chloride was produced by three companies 
in California, two companies in Michigan, 
and one company in Washington. Synthetic 
calcium chloride was manufactured by one 
company in Louisiana, two companies in 
New York, and two companies in Washing- 
ton. 

Domestic Data Coverage.—Domestic pro- 
duction data for calcium chloride are devel- 
oped by the Bureau of Mines from a volun- 
tary survey of U.S. operations entitled ‘‘Cal- 
cium Chloride and Calcium-Magnesium 
Chloride." Of the 11 operations to which a 
survey request was sent, all responded, 
representing 100% of the total production 
shown in table 1. 


DOMESTIC PRODUCTION 


Pfizer Inc. produced calcium metal at 
Canaan, CT, by the Pidgeon process—an 
aluminothermic process in which high- 
purity calcium oxide, produced by calcining 
limestone, and aluminum powder are bri- 
quetted and heated in vacuum retorts. The 
vaporized calcium metal product is collected 
as a "crown" in a water-cooled condenser. 
Pfizer accounted for an estimated 50% of 
total calcium metal production in market 
economy countries. 

Pfizer produced commercial-grade calci- 
um containing 98.5% calcium in seven 
shapes, high-purity redistilled metal con- 
taining 99.2% calcium in four shapes, and 
an 80% calcium-20% magnesium alloy. 
Pfizer also produced an alloy consisting of 
25% calcium and 75% aluminum for use in 


maintenance free batteries and a pure calci- 
um wire used in the steel industry to modify 
inclusions. Elkem Metal Co., a Norwegian- 
owned company with headquarters at Pitts- 
burgh, PA, produced calcium alloys at its 
plant in Alloy, WV, including a calcium- 
silicon alloy containing about 30% calcium, 
65% silicon, and 5% iron, and two propri- 
etary alloys that contain barium, and bari- 
um and aluminum. The Foote Mineral Co. 
at Exton, PA, and ASARCO Incorporated at 
New York, NY, also produced calcium al- 
loys. The Pesses Co. produced calcium alloys 
for use in the production of iron, steel, and 
nickel alloys. 

National Chloride Co. of America, Cargill 
Inc.'s Leslie Salt Co., and Hill Bros. Chemi- 
cal Co. produced calcium chloride from dry- 
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lake brine wells in San Bernardino County, 
CA. Hill Bros. Chemical also produced from 
a second operation near Cadiz Lake. Total 
output in California was slightly less than 
that of 1984. Natural calcium chloride pro- 
duction in California was much less than 
in Michigan. The Dow Chemical Co. and 
Wilkinson Chemical Corp. recovered calci- 
um chloride from brines in Lapeer, Mason, 
and Midland Counties, MI. Dow continued 
to phase out all brine operations at its 80- 
year-old plant in Midland, MI, and relocate 
its calcium chloride operations to Luding- 
ton, MI. The phaseout was planned to be 
completed by mid-1986. Tahoma Chemical 
Co. Inc., a new company, began producing 
calcium chloride in Washington in Novem- 
ber. ` 

Allied Chemical Corp. recovered synthet- 
ic calcium chloride as a byproduct of soda 
ash preduction at its Solvay plant near 
Syracuse, NY, and as a byproduct at its 
Baton Rouge, LA, plant using hydrochloric 
acid and limestone; Texas United Chemical 
Corp. preduced calcium chloride from 
purchased hydrochloric acid and limestone 
at its plant near Lake Charles, LA; and 
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Occidental Chemical Corp. manufactured 
calcium chloride at Tacoma, WA, using 
limestone and hydrochloric acid. Reichold 
Chemicals Inc. produced a small amount of 
synthetic calcium chloride as a byproduct of 
pentachlorophenol manufacture at Tacoma, 
WA, before closing the operation perma- 
nently in February. 

At yearend Allied was in the process of 
closing its Solvay complex in Syracuse, NY. 
Allied was expanding its plant in Amherst- 
bury, Ontario, Canada, in order to continue 
serving calcium chloride customers in the 
Northeastern United States. Texas United 
Chemical announced plans to build a new 
granular calcium chloride plant in Lake 
Charles, LA, with an annual capacity of at 
least 20,000 short tons of a dry form of 94% 
to 97% calcium chloride. Construction had 
begun and completion was expected in May 
1986.2 

Calcium hypochlorite was produced by 
two U.S. companies: Olin Corp. and PPG 
Industries Inc. Total U.S. capacity for pro- 
ducing calcium hypochlorite was 116,500 
tons per year. 


Table 1.—U.S. production of calcium chloride (75% CaCl, equivalent) 


Natural Synthetic Total 
Year Quantity Value Quantity Value Quantity Value 
(short tons) ) (short ) (short tons) 
198) .....-..- 704,691 $61,692 212,299 ,086 916,990 $88,778 
1982. AAA 616,513 61,483 236,894 31.279 853,407 92,762 
19939 663,949 71,330 192,688 29,727 856,637 101,057 
1980“ 838, 93,000 198,000 31,500 1,036,000 124,500 
19855 w W W 801,000 92,200 
"Estimated. W Withheld to avoid disclosing company proprietary data. 
CONSUMPTION AND USES 


Calcium metal was used in the manufac- 
ture of batteries, as an aid in removing 
bismuth in lead refining, as a desulfurizer 
and deoxidizer in steel refining, and as a 
reducing agent to recover refractory metals 
such as chromium, thorium, and rare 
earths from their oxides. Some minor uses 
were in the preparation of vitamin B and 
chelated calcium supplements, and as a 
cathode coating in some types of photoelec- 
tric tubes. The nuclear applications of calci- 
um metal give it strategic significance; for- 
eign sales must be approved by the U.S. 
Department of State. State Department ap- 
proval had been denied to countries that 
were not a signatory of the United Nations 
Nuclear Nonproliferation Treaty. 


Calcium chloride was used for road and 
pavement deicing, dust control and road 
base stabilization, coal and other bulk mate- 
rial thawing, oil and gas drilling, concrete- 
set acceleration, tire ballasting, and miscel- 
laneous uses. 

The principal use of calcium chloride was 
to melt snow and ice from roads, streets, 
bridges, and pavements. Calcium chloride is 
more effective at lower temperatures than 
rock salt and has been used mainly in the 
Northern and Eastern States. Because of its 
considerably higher price, it was used in 
conjunction with rock salt for maximum 
effectiveness and economy. 

Calcium hypochlorite was used to disin- 
fect swimming pools, which accounted for 
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85% of domestic demand, and in other 
municipal and industrial bleaching and san- 
itation proceases. It was used as an algicide, 
bactericide, deodorant, water purifier, disin- 
fectant, fungicide, and bleaching agent. 
Calcium nitrate was used as a concrete 
additive to inhibit corrosion of steel rein- 
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forcement bars, accelerate setting time, and 
enhance strength. 

Calcium carbide and calcium-silicon alloy 
were used to remove sulfur from molten pig 
iron as it was carried in transfer ladles from 
the blast furnace to the steelmaking fur- 
nace. 


PRICES AND SPECIFICATIONS 


The published price of calcium metal 
crowns in quantities greater than 20,000 
pounds increased on January 1 to $3.76 per 
ton and again on November 1 to $3.92. The 
price of calcium-silicon alloy remained 
unchanged. Yearend published prices and 
specifications were as follows: 


Value per pound 
1984 1985 
Calcium metal, 1-ton lots, 50-pound 
full crowns, 10 by 18 inches, 
Ca 4- Mg 99.5%, 0.7909. „ $3.25 $3.92 
Calcium-silicon alloy, 32% calcium, 
carload lots, f.o.b. shipping point 72 72 


Source: Metals Week. V. 55, No. 53, 1984, p. 5: Metals 
Week. V. 56, No. 52, 1985, p. 5. 


Calcium metal was usually sold in the 
form of crowns, broken crown pieces or 
nodules, or billets, which are produced by 
melting crowns in an argon atmosphere. 
The metal purity in these forms was at least 
98%. Higher dd: metal was obtained by 
redistillation. 


Calcium metal was usually shipped in 
polyethylene bags under argon in an air- 
tight 55-gallon steel drum. 

Calcium chloride was sold as flake or 
pellet averaging about 75% CaCl, or as a 
liquid concentrate averaging 40% CaCl. 
Prices remained unchanged from those of 
1984. Yearend 1985 published prices and 
specifications were as follows: 


Value per ton 

Calcium chloride concentrate, regular 

grade, 77% to 80%, flake, bulk, 

carload, works.___________-_- $153.00 
100-pound bags, carload, same basis 196. 
Anhydrous, 94% to 97%, flake or pellet, 

bulk, carload, same basis 217.00 
80-pound , carload, same basis 219.00 
Brining grade, 80-pound bags 285.00 
Calcium chloride liquid, 100% basis, 

tank car, tank truck, barge 90.69 
45%, same basis 108.00 
Calcium chloride, United States Phar- 

macopoeia, anular, 225-pound 

drums, truckload, freight equalized _ _ 1,800.00 


Source: Chemical Marketing Reporter. V. 228, No. 27, 
1985, p. 25. 


FOREIGN TRADE 


Calcium chloride was exported to 37 coun- 
tries. A significant decrease in calcium 
chloride exports occurred primarily because 
of the phasing out of Allied’s Syracuse, NY, 
plant and Dow's Midland, MI, plant. Ex- 
ports of calcium phosphates were 58,600 
tons valued at $43 million compared with 
40,000 tons valued at about $33 million in 
1984. The leading destinations, in descend- 
ing order, were Venezuela, Colombia, Cana- 
da, and Mexico, with material sent to a total 
of 52 countries. 

Exports of other calcium compounds, in- 


cluding precipitated calcium carbonate, to- 
taled 49,000 tons valued at $25 million 
compared with 37,000 tons valued at $17 
million in 1984. Material in this category 
was sent to 57 countries. The leading desti- 
nations, in descending order, were the Unit- 
ed Kingdom, the Netherlands, Mexico, Bel- 
gium, and Canada. 

Calcium chloride imports increased signi- 
ficantly with large gains by Canada and 
Sweden. The increase by Canada was a 
direct result of planned expansion by Allied 
at its Amherstburg plant in conjunction 
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with decreasing U.S. capacity. Crude calci- 
um chloride imports increased 246% to 
75,381 tons valued at $9.1 million, mainly 
from Canada. Other calcium chloride im- 
ports, which increased 747% to 2,355 tons 
valued at $1.9 million, were supplied almost 
equally by Brazil, Canada, the Federal Re- 
public of Germany, and Sweden. 

Imports of other calcium compounds in- 
cluded 15,800 tons of calcium carbide valued 
at $5.0 million from Canada; 3,700 tons of 
calcium hypochlorite valued at $5.1 million 
from Japan; 274,000 tons of crude calcium 
carbonate chalk valued at $1.7 million from 
the Bahamas; 7,300 tons of calcium carbon- 
ate chalk whiting valued at $1.6 million, 
mainly from France; 12,000 tons of precipi- 
tated calcium carbonate valued at $4.9 mil- 
lion, primarily from, in descending order, 
the United Kingdom, Japan, and France; 
and 139,000 tons of calcium nitrate valued 
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at $14.6 million, mainly from Norway. 

The U.S. International Trade Commission 
determined on March 28, under section 
735(b) of the Tariff Act of 1930, that the 
domestic industry had been materially in- 
jured by reason of imports of calcium hypo- 
chlorite from Japan being sold at less than 
fair value. An antidumping order was 
issued by the U.S. Department of Com- 
merce. 

Calcium metal was imported from four 
countries. China supplied 249,913 pounds; 
France, 113,885 pounds; the U.S.S.R., 
101,575 pounds; and Canada, 26,871 pounds. 
U.S. import duties in effect during the year 
for calcium metal were 3.6% ad valorem for 
countries having most-favored-nation sta- 
tus, 3.0% ad valorem for less developed and 
developing countries, and 25% ad valorem 
for non-most-favored nations. 


Table 2.—U.S. exports of calcium chloride, by country 


Country 


e mm op vm ze o mm —— ge ge gr eee mn mm mm ie i mm 


Source: Bureau of the Census. 
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1984 1985 
Short tons Value Short tons Value 
SR 209 $67,916 70 $22,483 
MIN 885 211,159 179.239 
a 20,976 2,658,345 14,755 2,494,945 
E 816 7,086,176 1,872 522,866 
SCH 295 113,470 216,595 
E 2,340 7,634,897 874 138,583 
um 1,453 344,531 E Ee 
ME 21 29.098 2 2,244 
8 1.541 752,141 968 1.136.964 
EM 895 323,492 214 48.565 
"ur 2,364 377,780 2,713 636,939 
Lx 606 203,065 288 87,003 
e 414 221,441 73 58,690 
22 1.181 478,150 2.195 797,840 
Te 34,062 20,567,661 26.143 6,342,956 


Table 3.—U.S. imports for consumption of calcium and calcium chloride 


Y Calcium Calcium chloride 
ear 
Pounds Value! Short tons Value! 

|| MCCC MOERORE ANCIEN 235,436 $751,456 86,865 $4,088,361 
1 enne eiui ee 333,054 966,665 60.623 3,010,212 
1983 cta se ora VC ]ĩ⁊ĩ?Pk’ñ 332,834 866,409 13,784 1,317,016 
TEE EEN 248,973 669,586 22,078 1.816.915 
poo —— ¹5Ü ⁰yd y ee ae 492,244 1,395,198 77,736 10,967,328 


!U.8. Customs, insurance, freight. 
Source: Bureau of the Census. 
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Table 4.—U.8. imports for consumption of calcium chloride, by country 


Country 


1984 1985 
Short tons Value! Short tons Value! 

Se 18,320 — $1,188,591 65,458 27 

SR 87 246,331 621 $27,445 
Ga 2,424 69,753 1,572 54,489 
EM 1,214 261,761 9,279 2,411,923 
ER 33 50,479 806 901,173 
EIN 22.018 1,816,915 771,736 10, 967.828 


WORLD REVIEW 


Calcium metal was produced in Canada, 
China, France, Japan, and the U.S.S.R., in 
addition to the United States. The market 
economy country production of calcium 
metal was estimated to be about 1,500 tons. 


Total world production was an estimated 
2,000 tons. 


‘Physical scientist, Division of Industrial Minerals. 
Chemical Marketing Reporter. V. 228, No. 22, 1985, 
p. 81. 


Bises Google 


Cement 


By Wilton Johnson! 


U.S. cement demand increased for the 
third consecutive year, reflecting continued 
growth in the construction industry. U.S. 
cement production remained essentially 
unchanged. According to the U.S. Depart- 
ment of Commerce, the value of new con- 
struction put in place increased 10% to $343 
billion. Housing starts remained essentially 
unchanged at 1.74 million units. Public 
buildings, highways and streets, and other 
public construction accounted for the bulk 
of construction activity. 

Imports increased 64% to 14.5 million 
short tons, the highest level in recorded 
US. history. Clinker importa were 32% of 
the total. 

Shipments of portland and masonry ce- 
ment from U.S. plants, excluding Puerto 
Rico, increased 4% to 83 million tons. All 


consuming regions except the South experi- 
enced gains in cement shipments. The 
Northeast region experienced the largest 
gain with 12%, followed by the West, 7%, 
and the North Central, 3%. 
_ Acquisition of U.S. cement plants by for- 
eign firms continued. By yearend, approx- 
imately 32% of clinker and 85% of finish 
grinding capacity had been acquired by 
foreign interests. 

Domestic Data Coverage.—Domestic pro- 
duction and consumption data for cement 
are developed by means of the portland and 
masonry cement voluntary survey. Of the 
144 cement manufacturing plants to which 
an annual survey collection request was 
made, 100% responded, representing 100% 
of the cement production and consumption 
data shown in table 1. 


Table 1.—Salient cement statistics 
(Thousand short tons unless otherwise specified) 


United States! 
Hg į — um 377777 71,710 
ipments lua t cs 71.748 
Values? . = $3,123,096 
Average value per ton* „ $51.89 
Stocks at mills" Dec.81. 9 55 
Imports for consumption ______ 8,963 
ion, apparent?! 78,821 
World: Productioa,nn £9777 384 
"Estimated. — Preli "Revised. 
IExcludes Puno Rico and the po Islands. 
and masonry cement 
Includes imported cement arp by domestic producers. 


“Value received, f. ob. mill, excluding cost of containers. 
J 


1982 1988 1984 1985 
63,355 70,420 71,100 71,895 
64,066 70,938 80,166 83,082 

$8,268,585 $4,152,258 
$50.94 $49.95 $51.80 $61.01 
6,768 6,711 6,866 1,282 
201 118 80 98 
2911 4,221 8,689 14,120 
65,628 78,435 84,818 81,456 
978,862 1,010,116 P1,045,468 1,071,225 


Adjusted to eliminata plication of imported clinker and cement shipped by domestic coment manufacturera. 
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DOMESTIC PRODUCTION 


One State agency and 48 companies op- 
erated 144 plants in 40 States. In addition, 
two companies operated two plants in Puer- 
to Rico manufacturing hydraulic cement. 

Some of the data are arranged by State or 
by groups of States that form cement dis- 
tricts. A cement district may represent a 
group of States or a portion of a State. The 
States of California, Illinois, New York, 
Pennsylvania, and Texas are divided to 
provide more definitive marketing informa- 
tion. Divisions for these States are as fol- 
lows: 

California, Northern.—Points north and 
west of the northern borders of Kern and 
San Luis Obispo Counties and the western 
borders of Inyo and Mono Counties. 

California, Southern. —All other counties 
in California. 

Chicago, Metropolitan.—The seven Illi- 
nois counties of Cook, Du Page, Kane, Ken- 
dall, Lake, McHenry, and Will. 

Illinois. —All other counties in Illinois. 

New York, Western. —All counties west of 
a dividing line following the eastern bound- 
aries of Broome, Chenango, Lewis, Madison, 
Oneida, and St. Lawrence Counties. 

New York, Eastern. —All counties east of 
the above dividing line, except Metropolitan 
New York. 

New York, Metropolitan. —The five coun- 
ties of New York City (Bronx, Kings, New 
York, Queens, and Richmond) plus Nassau, 
Rockland, Suffolk, and Westchester Coun- 
ties. 

Pennsylvania, Eastern.—All counties east 
of the eastern boundaries of Centre, Clin- 
ton, Franklin, Huntingdon, and Potter 
Counties. 

Pennsylvania, Western.—All other coun- 
ties in Pennsylvania. 

Texas, Northern. —All counties north of a 
dividing line following the northern borders 
of Brazos, Burnet, Crockett, Jasper, Jeff 
Davis, Llano, Madison, Mason, Menard, Mi- 
lam, Newton, Pecos, Polk, Robertson, San 
Jacinto, Schleicher, Tyler, Walker, and Wil- 
liamson Counties. 

Texas, Southern.—All counties south of 
the above dividing line. 


PORTLAND CEMENT 


Clinker production in the United States, 
excluding Puerto Rico, decreased 4% to 66.3 
million tons, and clinker imports received 
by U.S. cement producers increased 10596 to 
3.9 million tons. A total of 74.6 million 
tons of portland cement was ground in the 
United States. Stocks at mills increased by 
380,000 tons to 6.8 million tons at yearend. 

Production Capacity.—By yearend, mul- 
tiplant operations were being run by 25 
companies. The size of individual compa- 
nies, as a percentage of total U.S. clinker 
production capacity, ranged from 0.3% to 
10.6%. The 5 largest producers provided 
34% of total clinker production; the 10 
largest producers provided a combined total 
of 55%. The 10 largest companies, in terms 
of clinker production, were Lone Star Indus- 
tries Inc., General Portland Inc., Lehigh 
Portland Cement Co., Gifford-Hill & Co. 
Inc., Southwestern Portland Cement Co., 
Dundee Cement Co., Blue Circle Inc., Ideal 
Basic Industries Inc., Kaiser Cement Corp., 
and Moore McCormack Resources Inc. 

At yearend, 266 kilns at 124 plants were 
being operated by 45 companies and 1 State 
agency in the United States, excluding 
Puerto Rico. Annual clinker production ca- 
pacity at yearend was 86.3 million tons. An 
average of 46 days downtime was reported 
for kiln maintenance and repair. The indus- 
try operated at an average 77% of its 
apparent capacity. Average annual clinker 
capacity of U.S. kilns was 325,000 tons, 
average plant capacity was 696,000 tons, 
and average company capacity was about 
1.9 million tons. Three plants produced 
white cement. In addition, 11 plants oper- 
ated grinding mills using only imported or 
purchased clinker, or interplant transfers of 
clinker. Of these, seven produced portland 
cement only, and four ground clinker for 
both masonry and portland cement. Based 
on the fineness to which Types I and II 
cements must be ground and allowing for 
downtime for maintenance, the U.S. cement 
industry’s estimated annual grinding capac- 
ity was 102 million tons. 


CEMENT 


Clinker was produced by wet-process 
kilns at 53 plants (includes Puerto Rico) and 
by dry-process kilns at 68 plants; 5 addition- 
al plants operated both wet and dry kilns. 
The initiation of major plant modernization 
and expansion projects, including the instal- 
lation of dry-process kilns and preheater- 
precalciner systems, continued to decline. 
At yearend, there were 59 suspension and 
18 grate preheaters in operation. 

Capacity Additions Planned.—Box-Crow 
Cement Co., formerly Dal-Tex Cement 
Corp., continued construction of a 1-million- 
ton-per-year cement plant near Midlothian, 
TX. The plant, which will be equipped with 
a coal-fired preheater-precalciner system, 
was expected to go on-stream in December 
1986. 

Florida Crushed Stone Co. began con- 
struction of its 600,000-ton-per-year cement 
plant in Brooksville, FL. The plant also will 
feature a 125-megawatt power generation 
facility and the capacity to produce 350,000 
tons per year of lime. The cement portion of 
the plant was expected to go into production 
in November 1986. The power generation 
and lime facilities were expected to begin 
operation the first part of 1987. 

Plant Closings.—General Portland closed 
the final kiln at its Tampa, FL, cement 
plant and signed a clinker supply contract 
with Mexico's Cementos Apasco S.A. to 
replace clinker production at the plant. The 
plant will be used exclusively for grinding 
Mexican clinker into finished portland ce- 
ment. 

Genstar Cement and Lime Co.'s San An- 
dreas, CA, plant remained cloeed through- 
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out the year. 

Centex Corp.'s Corpus Christi, TX, plant 
closed and was used as a cement distribu- 
tion terminal. 

Corporate Changes.—Allentown Cement 
Co. Inc., headquartered in King of Prus- 
sia, PA, acquired National Gypsum Co.'s 
Evansville, PA, cement plant and distribu- 
tion terminals at Bowie, MD, and Jersey 
City, NJ. 

Ash Grove Cement Co. of Overland Park, 
KS, purchased Arkansas Cement Corp.’s 
Foreman, AR, cement plant and distribu- 
tion terminals at Little Rock and Ft. Smith, 
AR; Shreveport and Alexandria, LA; and 
Oklahoma City, OK. 

Blue Circle Industries PLC, a large Brit- 
ish cement company, acquired Atlantic Ce- 
ment Co.’s 1.5-million-ton-per-year portland 
cement plant at Ravena, NY, its 80,000-ton- 
per-year slag cement plant at Sparrows 
Point, MD, several distribution terminals 
along the east coast, and a fleet of cement- 
carrying barges. 

Columbia Northwest Corp., a subsidiary 
of Ashland Oil Inc., sold its Bellingham, 
WA, plant and distribution terminals in 
Anchorage, AK, Portland, OR, and Pasco 
and Seattle, WA, to SME Cement Inc. of 
Bessemer, PA. 

Independent Cement Co. purchased Lone 
Star Industries’ Hagerstown, MD, plant and 
Baltimore distribution terminal. 

Kaiser Cement sold its Hawaiian cement 
plant and distribution facilities to a new 
partnership formed by Lone Star Industries 
and the Australian firm Adelaide Brighton 
Cement Holdings Ltd. 
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Table 4.—Deily clinker capacity in the United Staten, December 31 


Short tons Number Total 
24-hour peod Plants Kilns’ feryad 3 
1 
Less than 1,150 uiii 25 44 21,334 1.5 
1,151 to1,700_.____________________________----- 28 41 88.708 18.7 
n e e 2 66 55,011 19.4 
25010029800 oou Rm ee ee 22 " 54,191 19.3 
2,901 and over EE 28 88 113,582 
Total ont «˙² .... lue ̃ ĩðͤ . >- 182 281 288,448 100.0 
Less than 1,150 _._______ A A A ħĮħ 25 41 19,487 7.0 
1,151 to 1,760 -L IIIZ IIZI é ?1 45,288 16.3 
SIO o E EE 24 43 44,145 16.1 
10280. ⁵⅛˙ m ⁊ yd ĩè K . cane use 2 49 52,506 19.0 
2,901 and over neum ³¹A ² ⁰⁰ mt 8 28 116,239 416 
Titel -— i ee eee med E 126 215 218,820 100.0 
‘Includes Puerto Rico and white cement producing facilities. 
Total number in operation at plants. 
Table 5.—Raw materials used in producing portland cement in the United States! 
(Thousand short tons) 
Raw materials 1968 1984 1986 
aragonite, marble, chalk) A a a 016 484 71,621 
Cement rock (includes marl)... A A A A A A 21444 27,010 24,255 
Ouais eee ete ied Rl EE i 1,277 
DIE i P PP 248 
tea NO RP NOUS nk Aaa AEEA es RE II RR NG 796 6,045 5,685 
7 ert dete seta EE miei tele een 3,011 3,087 3,182 
volcanic material, other) |... - -- A A A -=-= 118 Cu 123 
Sand and calcium silicate... LLL eee 1,009 1,968 1,990 
CIN o0 ⅛1V83-ᷣ n n 601 608 
Ferrous: Iron ore, pyrites, millecale, other iron-bearing material 1,068 1,282 1,307 
and anhydrite LL eek 14 8,901 3,960 
furnace alag à]è y ö y eere E D Ee uw 21 91 
ali c D ul uu yd y mtu E LE 870 841 196 
P NNNM ͥͥãꝗ⁊ -k;.; ⁊ð CC URINE 108 296 811 
Total Mee c "nc ZA 8 118,528 124,798 121,950 
!Includes Puerto Rico. 
MASONRY CEMENT United States. Two plants producing ma- 


sonry 
Production of masonry cement remained Lime & Cement Co., Aligood, AL, and River- 
were manufacturing masonry cement in the 


CEMENT 
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Table 6.—Masonry cement production and stocks in the United States, by district 


1984 1985 

Stocks! Stocks! 
Produc at mills, Produc- at mills, 

District Nene tion Doc. 81 piercing tion Dec. 81 

duri (thousand  (thou- during (thousand (thou- 

uring short sand short sand 

year tons) short year tone) short 

tons) tons) 
New York and Mane 4 77 14 4 71 18 
ILLIC ME 13 à 1 8 & 

vania, western _________________ 

Maryland, Virginia, West Virginia 5 216 21 5 294 21 
| S eet A A a CE: 4 108 23 4 118 2 
Michigan and Wisconsin ____________---- 5 206 55 6 208 47 
Indiana and Kentucky e a A 5 893 69 6 896 68 
E. cov ai ver 8 2 W W 1 W Ww 
gopa and Tennessee 4 171 24 4 188 23 
South Carolina 2 W W 2 W w 
Florida... ~~~ -e 5 . 890 20 4 896 22 
— — 134 
South Da koa 1 6 2 1 4 2 
EE 8 40 8 3 42 11 
J tg NERO RM ee HR 8 148 23 4 189 26 
Kansas and Nebraska. |... 2 22 --- 6 71 82 6 56 80 
7 oat cana Soares ⁰ 8 52 9 8 46 11 
Texas, northern `... 1 219 18 1 199 18 
southern _____________________ 5 18 9 5 64 8 

Idaho, Montana, Utah ` 4 7 6 2 8 4 
r Poe o; |dÓ 3$ j| 
Arizona, Nevada, 3 EE 8 96 1 8 98 5 
i ia, northern za Z uum 1 W W 

i southern... ______________ 1 W W 1 W W 
Hawaii 2 5 2 1 6 1 
) k é c RIS EE xa 318 42 "M 292 15 
Total or average ee 96 8,286 470 94 8,258 3456 


sn Ded t AON erregt ‘Other.” 
Includes imported ceme 
ata de ck add ᷣ ᷣͤ ͤ V 8 


ALUMINOUS CEMENT 


Aluminous cement, also known as calci- 
um aluminate cement, high-alumina ce- 


duced at the following three plants in the 
United States: Lehigh Portland Cement, 
Buffington, IN; Lone Star Lafarge Inc., 
Chesapeake, VA; and Aluminum Co. of 


ment, and Cement Fondu, is a nonportland America, Bauxite, AR. 
hydraulic cement. It continued to be pro- 
ENERGY 


Approximately 81% of the energy con- 
sumed in cement production was in the 
form of fuel for kiln firing to produce 
clinker. Average energy consumption per 
ton of clinker was 4.6 million British ther- 
mal units (Btu). 

The average consumption of electrical 
energy decreased slightly to 138.2 kilo- 
watt hours per ton. Assuming a 40% energy 
efficiency in conversion of fuel to electrical 
energy, this represents a fuel equivalent of 
1.2 million Btu per ton. Thus, average fuel 
consumption for kiln firing plus electrical 
energy, primarily for finish grinding, was 
approximately 5.8 million Btu per ton. 

Average fuel consumption for kiln firing 
in wet-process plants, 5.6 million Btu per 
ton, was 3396 higher than average fuel 
consumption in dry-process plants, 4.2 mil- 


lion Btu per ton. Approximately 5696 of 
clinker production was by the dry process. 

Kilns without preheaters averaged 65.7 
million Btu per ton of clinker produced; 
those with suspension preheaters averaged 
3.9 million Btu per ton, and those with 
grate-type preheaters averaged 5.4 million 
Btu per ton. 

Coal accounted for 95% of kiln fuel con- 
sumption, natural gas accounted for 496, 
and oil and waste fuel accounted for the 
remainder. 

Energy-saving additives for cement pro- 
duction, such as fly ash and blast furnace 
slags, continued to be used. The use of fly 
ash decreased 596 to 796,000 tons. The use of 
slags increased 25996 to 97,000 tons, the 
first increase following 5 consecutive years 
of decline. 
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Table 7.—Clinker produced in the United States, by fuel 


Clinker produced Fuel consumed 
Plants 
Fuel active (thousand Percent E. (thousand frac gas 
during of total n : 
short tons) short tons) berrels) cubic feet) 
1984: 

/f cu Ec 26 12,923 18.5 2, 2z E 

Coal and oil!!! 29 15,454 22.2 2,862 $78 
Coal and natural gas 59 80,405 48.6 5,302 m 10,461,227 
Oil and natural eal „555 1 72 1 WS 56 95,210 
Coal, ail, gas 17 10,879 15.6 2,066 311 8,570,680 
Total 132 69,733 100.0 13,052 740 14,127,117 

1985: 
Coll eect 25 18,435 20.0 2,631 Sr Geen 
Coal and ol. __ 25 15,450 23.0 2,710 510 TS 
Coal and natural gas _______ 53 ,886 43.0 4,831 ELE 8,020,775 
Oil and natural ural gas Se der Es — m es 85 NA 
Coal, oil, na gas 23 9,405 14.0 1,434 210 2,623,539 
Total Eolo 126 67,116 100.0 11,606 155 10,644,314 
Mncludes Puerto Rico 


"Includes 0.6% anthracite, 94.7% bituminous, and 4.7% petroleum coke in 1984; 1.3% anthracite, 94.5% bituminous, 
and 4.2% petroleum coke in 1985. 


Table 8.—Clinker produced and fuel consumed by the portland cement industry in the 


United States,“ by process 
Clinker produced Fuel consumed 
Plants ; 3 
m active Teen Percent deere (thousand "thousand 
on f 
year short tons) short tons) barrels) cubic feet) 
1984: 
We ese 58 25,950 87.2 5,672 199 5,015,128 
> lovac demie 69 40,653 58.8 6,819 526 8,241,622 
Both .---------------- 5 3,130 4.5 561 15 870,367 
WI! 192 69,783 100.0 13,052 740 14,127,117 
1985: 
EE 58 26,066 38.8 5,221 210 4,841,724 
Dry- E 68 81,191 56.3 5,800 525 5,471,841 
JC 5 3.313 4.9 579 20 830,749 
Total sido oo cocee 126 67,176 100.0 11,606 155 10,644,314 
‘Includes Puerto Rico 


Table 9.—Electric energy used at portland cement plants in the United States, by process 
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TRANSPORTATION 


The pattern of cement transport did not 
differ significantly from that of recent 
years. U.S. shipments of portland cement to 
consumers were primarily in bulk (95%), by 
truck (93.4%), and were made directly from 
cement manufacturing plants (66%), rather 
than from distribution terminals. 


With respect to shipments of cement from 
plants to terminals, the preferred modes of 
transportation were railroads, 42%, and 
waterways, 37%. Transportation by truck 
accounted for 19%. Cement used at produc- 
ing plants accounted for the remaining 2%. 


Table 10.—Shipments of portland cement from mills in the United States, in bulk and in 
containers, by type of carrier 


(Thousand short tons) 
Shipments to ultimate consumer 
Shipments from From terminal From plant 
Type of carrier plant to terminal to consumer to consumer Total 
con- con- con- 
bulk tainers taine bulk tainers 
1984: 
Railroad |... 8,776 78 16 3,030 3,645 
CT. cS 3.777 171 22,416 607 47,026 3,623 13,671 
Barge and boat 7,922 90 145 NT 805 ët 450 
Unspecified ... 462 ae 84 M 74 5 113 
Tot! 20,987 839 23,159 623 50,435 8,662 3 77,881 
1985: 
Railroad 9.089 89 1.079 1 8,464 7 4.619 
Truck. oce 4,073 185 22,885 554 48,536 3,474 75,449 
Barge and boat |... 1,866 89 412 EN 158 e 630 
Unspecified? _______ 520 MS 6 2 36 4 46 
Total — mc 21,548 863 24,442 555 52,194 8,553 380,744 
Includes Puerto Rico. 
Includes cement used at plant. 
Bulk shipments were 94.5%, and container (bag) shipments were 5.5%. 
*Data do not add to total shown because of independent rounding. 
CONSUMPTION AND USES 


Cement consumption in the United 
States, excluding Puerto Rico, increased 
4.0% to 87.5 million tons. Domestic produc- 
ers’ shipments increased 4% to 83.0 million 
tons, which included 5.5 million tons of 
imported cement. Additional imports of 4.0 
million tons were shipped by other im- 
porters. 

Domestic cement shipments to all regions 
of the United States increased except for 
the South. The Northeast region registered 
the largest increase, 12%, followed by the 
West, 7%, and the North Central, 3%. 

The end-use distribution pattern for port- 
land cement did not differ significantly 
from that of recent years. Ready-mixed 
concrete producers were the primary con- 
sumers, accounting for 70% of the total 
quantity shipped by domestic producers. 


Manufacturers of concrete products used 
12% of the total to produce concrete blocks, 
pipes, and precast, prestressed, and other 
concrete products. The remainder was used 
by highway contractors; building contrac- 
tors; cement dealers; Federal, State, and 
other government agencies; and other mis- 
cellaneous users. 

According to the U.S. Department of 
Commerce, the value of U.S. construction 
put in place increased 10% to $343 billion. 
Of this total value, 33% was in private 
housing; 26% was in private industrial and 
commercial buildings, including farms; 6% 
was in public buildings; 6% was in high- 
ways and streets; and the remainder was in 
other public construction and public utili- 
ties. 

Total value of private construction put in 
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place increased 9% to $281 billion. The 
value of residential units put in place in- 
creased slightly to $148 billion and that of 
industrial-commercial construction put in 
place increased 19% to $88 billion. Total 
value of public construction put in place 
increased 5% to $58 billion; of which, the 
value of public buildings increased 13% to 
$20 billion, highway construction increased 
23% to $20 billion, and other public con- 
struction remained essentially unchanged 
at $14 billion, with military facilities and 
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conservation and development areas ac- 
counting for the balance. 

Housing starts were essentially unchang- 
ed at 1.74 million units, consisting of 1.07 
million single units and 668,000 multiunits, 
according to the U.S. Department of Com- 
merce. On a regional basis, housing starts 
decreased 15% in the South to 734,000 
units, increased 15% in the Northeast to 
194,000 units, increased slightly in the West 
to 401,000 units, and decreased 7% in the 
North Central region to 206,000 units. 


Table 11.—Portland cement shipped by producers in the United States, by district: 


1984 1985 
8 tity tity 
District ( osand bis Averige ( d bn Average 
per per ton 
tona sands) tons) sands) 
New York and Maine 3,263 $163,521 $50.12 8,639 $115,255 $48.16 
Pennsylvania, eastern 4,427 224,707 50.76 4.272 286,15 55.28 
2 "A ago E M M 
irginia, West Virginia 4 : : R F : 
DhiO o ecco iim nid 1,525 69,810 45.78 1,769 84,929 48.00 
Michigan and Wisconsin 4,610 208,232 45.17 4,695 207,137 44.11 
Indiana and Kentucky 7) // 2,351 96,039 40.85 2,389 102,499 42.90 
Mine??? me 1,997 82,622 41.87 2,101 86,211 41.03 
ia and Tennessee `.. 2,183 102,569 46.99 2,162 101,784 47.07 
ina fc ees EE 2,319 103,891 44.80 2,207 104,705 47.44 
EE 8,564 172,548 48.41 8,282 148,908 45.37 
J M LL E a iy 8,656 167,191 45.78 8,721 165,972 44.60 
Louisiana, Mississippi `... — 2,308 119,661 51.95 2,133 111,026 52.06 
South Dakota .._-__.____ ~~ ~~. 619 80,773 49.71 32,114 50.03 
J). he Pace EL m M di NS 1,730 699 53.68 1,618 11,890 48.13 
Ee 3,981 178,225 44.77 8,669 159,757 43.54 
Kansas and Nebraska __________ -_ _ - 2,689 145,717 54.19 2,550 188,462 §4.29 
EE 1,782 84,701 48.90 1,589 12,583 45.61 
Texas, northern ,029 800,613 59.78 5,287 805,355 57.75 
Texas, southern 5,394 ; 41.61 4,955 227,704 45.97 
Idaho, Montana, Utah . .---------—- 1,12A 94,469 54.80 1,748 97,948 56.19 
Colorado and Wyoming ------------- 1,738 109,780 63.16 1,582 100,832 63.78 
Alaska, menus 3 1.711 94,916 55.47 1.700 94.159 55.38 
Arizona, Nevada, New Mexico 148,704 67.82 2,192 145,476 66.36 
California, nortberern __- 2,507 149,566 59.66 2,596 158,656 61.13 
California, southern 6,208 870,460 59.67 6,868 442,850 64.48 
WE EE 186 18,282 98.29 215 16,050 74.65 
Total? or average 74,876 — 8,810,446 51.23 14,2250 3,817,885 5141 
Foreign imports! TT“ 2,509 121,935 48.60 5,532 252,480 45.64 
T PE 997 ; 87.83 962 72,602 75.47 
Grand total’ or average 77,881 4,019,948 51.62 80,744 4,142,417 51.30 


Includes Puerto Rico. Includes data for three white cement facilities as follows: California (1), Pennsylvania (1), and 
Texas (1). Includes data for grin ena (18 in 1984 and 11 in 1985) as follows: Alaska (1), Florida (1 in 1984 and 2 in 


1985), Michigan (2 in 1984 and 1 in 
1985) and Wisconsin (2). 
Includes cement produced from imported clinker. 


85), New York (1), Pennsylvania (2 in 1984 and 1 in 1985), Texas (4 in 1984 and 3 in 


Pata may not add to totals shown because of independent rounding. 
*Cement imported and distributed by domestic producers only. 
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Table 12.—Masonry cement shipped by producers in the United States,’ by district 


1984 1985 
District ( uU Value Average. í tity Value 8 
short 3 per short (thou per ton 

tons) tons) 

New York and Maine Kë 78 $5,086 $65.21 76 $5,074 $66.76 
Pennsylvania, eastern ae — 226 14.779 65.39 230 15,006 65.24 
Pennsylvania, western . — << 71 6,069 85.48 74 5,964 80.59 
Maryland, Virginia, West Virginia a 273 16,912 61.95 285 15,424 54.11 
n Qe APR EE a HR 101 8,092 80.12 110 10,412 94.65 
Michigan and Wisconsin ; * 216 14.264 66.04 211 13.771 65.26 
Indiana and Kentucky... d 383 21,965 57.35 396 27,994 70.69 
Illinois Uc e — W W W W W wW 
Georgia and Tennessee : 174 12,165 69.91 192 13,152 68.50 
South Carolina . > l e W W WwW Ww W W 
Florida _ 3 . 383 24,624 64.29 316 17,137 54.23 
Alabama : S 259 17,247 66.59 268 18,113 67.58 
Arkansas, Louisiana, Mississippi DEE 104 6,738 64.79 80 4,803 60.03 
South Dakota a 5 283 56.60 4 W wW 
Iowa 3 42 3.260 11.62 39 3,372 86.46 
Missouri 4 3 e 143 7.033 49.18 139 6,630 47.69 
Kansas and Nebraska ` ` : 70 4,244 60.63 51 3,716 65.19 
Oklahoma ; x : eS 49 3,506 11.55 43 2.854 66.37 
Texas, northern re Sech 28 202 16,905 83.69 187 15,965 85.37 
Texas, southern = € = 89 7.503 84.30 7 6,149 80.91 
Idaho, Montana, Utah... ioi 6 416 69.33 5 361 72.20 
Colorado and Wyoming : Së W W W W W Ww 
Alaska, Oregon, 8 d =< W W W W W Ww 
Arizona, Nevada, New Mexico Se Wéi 94 7,013 74.61 99 7,468 75.43 
California, northern e ` s J is W W W 
California, southern : e SCH o W W W W W Ww 
GU ueni ae adi 5 792 158.40 7 588 84.00 
Other — — — y 310 20,980 7.68 293 19,143 65.33 
Total? or average 8,281 219,877 67.02 8187 213.096 66.86 
Foreign import“ ($) 1 15.62 8,488 56.25 
Grand total? or average- ___-------—- 3,281 219,878 67.02 3,250 216,584 66.64 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 

Does not include quantities produced on the job by masons. 

*Data may not add to totals shown because of independent rounding. 

Cement imported and distributed by domestic producers only. Source of imports withheld to avoid disclosing company 


“Less than 1/2 unit. 


Table 13.—Cement shipments, by destination and origin: 


(Thousand short tons) 
Portland cement? Masonry cement 

Destination and origin — — — PES 

1988 1984 1985 1983 1984 1985 

Destination 

3 Se Sas Ab EDU RE ⁵⅛¾q RUNI et Ee 1,088 1,204 1,306 85 94 100 

AT ⁵⅛²ð᷑¹1 ⁰ td. 88 180 197 156 w w W 
Cv «˙ ᷣͤ ::.. y y y ee iie 1645 2.001 2,318 W W W 
An E SO PIENE AINE 8 655 111 41 44 45 
California, northern ________________-_____ Le 2,008 3,1668 8,489 ce W W 
California, southern `. 421 6,150 6,691 W W WW 
Colorado `- ----------------------------—— 1,478 1,674 1,574 26 30 23 
Connecticuůtt dhl 626 759 870 15 16 17 
NIT EE 145 164 194 9 11 10 
District of Columbia 116 105 116 1 1 1 
Fri. ⅛ ͤ 4,866 6.258 6.140 896 480 468 
%J%%%öCöꝗ ³ ENEE 2.258 2775 2875 189 209 228 

Hawaii ĩ5»6——3AA ]ĩ¾ „ĩ m mk 8 216 186 214 6 5 1 
11õÜ·Ü f A A a A 268 216 236 1 1 1 
TEE 1,058 1,236 1,891 28 81 28 
Chicago, metropolitan? ______________________- 1188 1,878 1,888 86 41 45 
Indians. o cuc eh each I An 1.148 1,248 1,858 68 76 76 
lowa S one i ⁵ ⁵ð x ge de 1.147 1,204 1,078 12 14 11 
Kansas . .————————— monec LA 983 1,243 203 21 23 20 
| Chi. EES 813 978 1,014 16 81 78 
ET 2,490 2,650 420 14 80 65 
DARING EE ae ee 228 265 283 8 10 10 
Maryland. `- --------------------------——- 1,266 1,351 1,503 113 129 139 
Massachusetts? `. 2-22-2222- 1,077 1,292 1,895 84 44 45 
Michigaeiuiuiuiunnnln nns 1,457 1,903 2,108 70 90 104 
Minnesota 1.124 1,178 1,419 88 40 40 


See footnotes at end of table. 
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Table 13.—Cement shipments, by destination and origin' —Continued 


(Thousand short tons) 
Portland cement? Masonry cement 
Destination and origin SE 
1988 1984 1985 1983 1984 1985 
Destination —Continued 
Mississippi Porto A 8 716 790 758 51 60 57 
imour ne ee eh ea ee ee a trees aii 1,388 1,650 1,785 81 48 39 
Montana oo ee ³¹ wm Om Ede eae 264 252 2 2 1 
Nebraska -ħħ 115 823 183 11 12 11 
Nevada . o once emu tu d deles iter in ie er abi 459 503 631 Ka SE ($) 
New Hampahireeeeeee ? 260 314 874 8 15 15 
New Jersey? EE 1,337 1,672 1,7148 56 68 78 
New Mexico ooo - 698 618 12 10 10 
New York, eastern nn 866 488 621 22 81 36 
New York, western... LLL L2 2222222222 2.2 146 778 812 36 40 48 
New York, metropolitan? ~- -----------------— 1812 1,408 1,722 51 50 50 
7 ͤ eet he eee oe ee 1472 1,724 1.796 196 224 238 
North Dakota 811 846 286 6 6 5 
Hep PL EDS MC SUD EUER 8 2,811 2,607 2,646 116 129 135 
Oklahoma Lu nu eegend 1,758 1,751 1,329 9 40 
ee 1 ) (*) 
Pennsylvania, eastern |... lk 1,481 1,649 1,714 54 67 63 
Pennsylvania, western EE 920 1,18 54 60 70 
| PFT VEH 147 197 165 3 5 4 
South Carolina LL L2 LLL 22S ee 858 984 1,019 106 116 119 
Dekret e erte 214 224 4 4 4 
Tennessee uuu egenus umm am ec pode mn iae eof s 1,201 1,871 1,480 121 142 154 
Texas, northern nn 5,466 5,474 171 182 171 
Texas, southern ~. ------------=-- -=--> 5.138 5.584 i 114 123 101 
8 [7 NE epee ⁵⅛˙— mms k a See tne ee re 792 973 1,059 1 1 2 
Vermont? LL LLL LLL LLL ek 183 145 212 4 4 4 
In onze E e 1646 1946 2116 147 166 177 
J Ss eee Se ee 1077 1,156 1,208 1 6 
/ my ³˙ 1 mm — Ee E Ed 444 445 887 29 29 29 
Wisconsin LL LL ee 1247 1.418 1,240 86 40 39 
Wyomibg EE 880 894 418 2 2 2 
UM tul]. RUD eura 69,698 80,788 83,638 2.876 3,243 8,264 
Foreign countries? ! 231 190 177 91 108 108 
Puerto Rico LL ee eae ee ees 920 1,000 962 Di me E 
Total shipments? |... LLL LLL ee 70,849 81,928 84,778 2,967 3,346 38,373 
United Stats 67,188 74,976 74250 2921 8,281 3.187 
Pune Rico 222 ddr X E M c Lo e 931 997 962 Pu 8 8 
e producers -~ ~- - - ----------~------- 827 2,509 5,532 2 (*) 62 
%yW%GG%y;; ee y ee eo 1,908 4,046 4.034 44 65 124 
Total shipmentse®._ __-____.___________- 70,849 81,928 84,778 2,967 3,346 38,873 
W Withheld to avoid disclosing company proprietary data; included with “Foreign countries." 
‘Includes cement produced from imported clinker and im cement shipped by domestic producers, Canadian 


Cement manufacturers, and other importers. Includes Puerto 

"Excludes cement (1983—211,000 tons; 1984—225,000 tons; and 1985— 253,000 tons) used in the manufacture of 
prepared masonry cement. 

*Has no cement producing planta. 

*Less than 1/2 unit. 


2 
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Table 14.—Cement shipments,' by region and subregion 


Portland cement Masonry cement 
Thousand Percent of Thousand Percent of 
Region and subregion* short tons grand total short tons grand total 
1984 1985 1984 1985 1984 1985 1984 1985 
Northeast: 
New Engiand__________________ 2,972 8.7 4.0 94 96 29 29 
Middle Atlantica 6,906 7.790 5 9.3 306 340 9.4 10.4 
ꝙ1777§öĩ—⁴ 9,877 11.089 12.2 18.8 400 436 12.3 18.8 
th: 
All LL 15747 16,148 19.5 193 1,965 1,409 42.1 43.2 
East Central _____________-__-_ 4,338 4,568 5.4 5.5 em 889 11.6 11.9 
West Centraal 16,168 15.429 20.0 18.4 489 423 15.1 18.0 
/ -.- 86,258 36,185 44.9 48.2 2.231 2221 68.8 68.1 
North Central 
EMI 22 . 9.790 10,067 12.1 12.0 401 421 12.6 18.1 
Welt. some 6,668 6,886 8.3 8.2 1417 129 4.5 8.9 
Toal | 2 coc REEL Enos 16458 16,958 20.4 20.2 654 556 17.1 17.0 
West: 
Mountain `... 6,091 17,046 8.8 8.4 46 89 1.4 1.2 
Pacific 1. ͤ—᷑we ee 11464 12,417 14.2 14.9 12 18 4 4 
TEE 18,155 19,468 22.5 23.8 58 52 1.8 1.6 
Grand totall“.l᷑ 80,788 83,688 100.0 100.0 3.243 3,264 100.0 100.0 


‘Includes imported cement shipped by domestic and Canadian cement manufacturers and other importers. 
SE oe 

*Does not include proprietary data from table 13. 

“Data may not add to totals shown because of independent rounding. 
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Figure 1.—Shipments of cement by geographic region of destination in 1985. 
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Table 15.—Portiand coment shipments in 1965, by district of origin and type of customer” 


111 
111 
eee 

ta. ti@itt 
t 


District of origin 
/2 unit. j 
and distributed by domestic producers only. Source of imports 


Ivania, ostern ma 
vania, western — - -- 
Virginia, West Virginia 
— — 
and Kentucky ----- 
and Tennesse a 
Louisiana, Mississippi 
and Nebraska - ---- 
Montana, Utah. ---- - 
Ke 
Nevada, New 
northern 2 
southern S 
Rico. 
to totals 


Data may not 
ans than 1 
“Coment 


!Includes Puerto 
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Table 16.—Portland cement shipped from plants in the United States, by type 


1984 1985 
Type tity Value? tity Value” 
dhoumnd (thou „ d (thou Average 
short tons) sands) por short tons) ) per 
General use and moderate heat 
Land D .. 70,648 $8,576,786 $50.68 78,700 $3,699,651 $50.20 
-early-etrength mm, 2.505 136,975 54.44 2012 151,104 54.51 
ate-resisting (Type V) _________- 419 25.633 53.51 313 22.645 60.71 
E 2273 183,160 58.85 1942 113,778 58.58 
Fleege 88 43900 — 64.41 822 44210 856.12 
F 55 50 8.909 78.18 85 3,380 96.57 
C 839 52,588 62.68 810 53,898 66.54 
Total‘ or average 77,881 4,019,948 51.62 80/44 4.142.417 51.30 
!Includes Puerto Rico. 


Mill value is the actual value of sales to customers, Lob plant, less all discounts and allowances, less all freight 


ker benda: low-heat (Type IV), pedo inire nat seing coment 


*Data may not add to totals shown 


of independent 


The average reported unit mill value of 
all types of portland cement decreased 
slightly. The average reported unit mill 
value of masonry cement prepared at ce- 
ment plants decreased slightly, following 4 
consecutive years of increases. 

According to Engineering News-Record 
(ENR), yearend prices of bulk portland ce- 
ment for 20 U.S. cities averaged $64.98 per 
ton.“ This was 25% above the average re- 
ported mill value obtained from the Bureau 
of Mines canvass of cement producers. The 
lowest ENR quotation was $55.00 per ton 
for New Orleans, LA, and the highest was 
$18.78 per ton for Boston, MA. 


plant to distribution terminal if any, less total cost of 
Table 17.—Average mill value, in bulk, 
of cement in the United States! 
(Per short ton) 
All 
. Portland 
Year mason 
cement cement of cement 
1981. $62.20 $59.29 $52.46 
1982______ 51.04 61.56 51.48 
1988 ______ 49.89 63.74 50.45 
1984 51.62 67.02 52.24 
19858 51.30 66.64 §1.87 


of operating 
3 if any. eee pallets. 
*Masonry cement made at cement plants only. 


FOREIGN TRADE 


According to trade data reported by the 
U.S. Department of Commerce, Bureau of 
the Census, the United States and its pos- 
sessions and territories experienced the 
most dramatic increase in imports ever 
recorded. Imports of hydraulic cement and 
clinker increased 64% to a record-high level 
of 14.5 million tons. Canada and Spain 
supplied 23% each of the total, followed by 
Mexico, 17%; Venezuela, 11%; Japan, 8%; 
and 28 other countries, 18%. Cement im- 
ports accounted for about 16% of US. 
apparent consumption. 

Imports of white no portland 
cement increased 9% to 274,000 tons. Four 
countries, Canada, Denmark, Mexico, and 


Spain, accounted for the major portion of 
cement imports. 

Imports of clinker increased 109% to 4.6 
million tons. In decreasing order, Spain, 
Canada, and Mexico collectively accounted 
for 64% of clinker imports. 

Growing competition among foreign ce- 
ment producers for a larger share of the 
U.S. market caused a flurry of domestic 
activity including (1) the construction of 
new or modification of existing import ter- 
minals, (2) the introduction of floating silo 
ships, (3) the idling of clinker production 
capacity in favor of imported clinker, and 
(4) the initiation of direct negotiations be- 
tween foreign suppliers and domestic 
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consumers. Among the more notable devel- 
opments were (1) the formation of two 
lobbying organizations—the American Ce- 
ment Trade Alliance (ACTA) and the Ce- 
ment Free Trade Association (CFTA)—and 
(2) the initiation of the Cement Competitive 
Assessment study by the U.S. Department 
of Commerce. 

ACTA was formed by 18 cement produc- 
ers to seek Government action to deal with 
what it termed the adverse impact that 
unfairly priced or governmentally subeidiz- 
ed imported cement has on the U.S. cement 
industry. CFTA, on the other hand, was 
composed of five independent importers 
with the objective of discouraging the adop- 
tion of Federal legislation or other protec- 
tionist policies that might curtail cement 


imports. 

The U.S. Department of Commerce Ce- 
ment Competitive Assessment study fo- 
cused primarily on problems and issues 
encountered by the U.S. cement industry 
during the last 15 years. The study examin- 
ed cement imports or other aspects of world 
trade only to determine their affect on 
domestic supplies and prices. 

Other pertinent developments with re- 
gard to foreign trade include the following: 

1. Apple Valley Red-e-Mix of Minneapo- 
lis, MN, imported Spanish cement into the 
port of New Orleans where it was off-loaded 
and barged up the Mississippi River to 
Minneapolis. 

2. Eastern Cement Corp. continued work 
on its 48,000-ton import terminal at Port 
Monatee, FL. 

3. Essex Cement Co., Newark, NJ, began 
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importing cement from Greece at its 30,000- 
ton import terminal. The terminal is owned 
jointly by a local ready-mix producer and 
Italian interests. 

4. Falcon Pacific, a subsidiary of Saudi 
Research and Development Corp. of Paris, 
France, anchored its 75,000-ton silo ship at 
the Port of Los Angeles. The ship was to be 
continually supplied by feeder vessels. 

5. Gulf Portland Cement opened a new 
import terminal at Port Sutton in Tampa, 
FL. The terminal consists of three storage 
silos with a capacity of 13,000 tons. 

6. Lone Star Industries acquired 5096 
interest in the Falcon Cement Co. import 
terminal constructed in 1984 by the Saudi 
Arabian firm, Redec International, to im- 
port cement from Spain into the Houston 
area. The new partnership was called Lone 
Star-Falcon. 

7. Norval Inc. of Long Island, NY, opened 
a new 30,000-ton import terminal at the 
Port of Philadelphia. 

8. Tampa Cement Inc. opened an import 
terminal at Port Sutton in Tampa, FL. The 
four storage silo, 30,000-ton capacity termi- 
nal is owned by UMAR International, a 
Delaware corporation that is in turn owned 
by Spanish shareholers. 

Exports of hydraulic cement and clinker 
increased 2296 to 98,000 tons, the first 
increase following 3 consecutive years of 
decline. Canada continued to be the princi- 
pal recipient of U.S. cement exports receiv- 
ing 9196 of the total, followed by Mexico 
with 4%. The remaining 5% was shipped to 
41 other countries. 


Table 18.—U.S. exports of hydraulic cement and cement clinker, by country 


1988 1984 1985 
Coun Quantity Value Quantity Value Quantity Value 
i (short (thou- (short (thou- (short (thou- 
tons) tons) tons) sande) 
Bahamas $43 118 $31 479 $46 
Canads 106,011 12,183 12,409 10,704 88,626 18,785 
Egypt —----__-_-----_--__- () () 1 1 1314 121 
. 18 16 Se Se 2010 281 
Rasche ee 6,121 2,921 3,464 1,525 3,903 1,477 
F 80 61 Ce 11 425 46 
Panama .----------------- 
Trinid ae 1,489 230 2,002 247 520 61 
Werezela. ----------—— 912 167 88 93 114 128 
Other? _ -____-_--______-- 3 429 71,664 71,829 "T95 150 426 
Total omm 118,398 17,860 80,007 18,496 97,897 21,478 
"Revised. 
1] ees than 1/2 unit. 


includes 40 countries in 1983, 52 in 1984, and 88 in 1985. 


Source: Bureau of the Census, U.S. Department of Commerce. 


232 MINERALS YEARBOOK, 1985 


Table 19.—U.S. imports for consumption of hydraulic cement and clinker, by country 
(Thousand short tons and thousand dollars) 


1983 1984 1985 
Country Value Value Value 
Quantity ——————————- Quantity —————————— Quantity —————————— 
S Customs — Cif! S Customs Cif! dy Customs Cif! 
Canada 2.201 86,198 92,851 2945 116815 128,920 8,998 181,117 145,006 
Colombia 68 8.345 4.169 227 5,188 6,921 662 16,480 20,244 
France 158 6,485 7,507 225 7,044 9,180 552 13,866 18,819 
Greece ________ NAE e M ER ae SN 511 9,760 12,202 
Japan _______- (*) 100 118 188 5,287 1,596 1.184 28,786 37,106 
Korea, Republic of 69 8,228 4,144 832 10,046 12,129 484 26,194 29,188 
55 826 30,844 2,008 64,574 74.877 2,502 76,755 87 
Spain 5 737 29 1,760 49,584 61,218 8,888 80448 108,358 
enezuela.. 60 1,705 2,188 ,022 82,224 1,569 50 
EEE 154 5,751 1,166 149 10,498 10,412 298 16,791 20,148 
Total. ...... 4,268 161.439 181,525 8,846 294.207 — 848,482 14.487 481429 628,778 
1Cost, insurance, and freight. 
WLess than 1/2 unit. 
*Data do not add to total shown because of independent rounding. 
Source: Bureau of the Census, U.S. Department of Commerce. 
Table 20.—U.8. imports for consumption of clinker, by country 
. (Thousand short tons and thousand dollars) 
1988 1984 1985 
Country di Value is Value Value 
d Customs ` Cif! * Customs — Cif! * Customs Cif! 
Canada _______ 446 14,786 16,534 485 16,947 19,406 746 22,156 25,163 
Francde 152 6.389 489 225 7,491 9,180 414 9,484 11,789 
Greece mes Z ie - ON 401 1,900 
Japan ________ £ S 69 2,927 2,693 291 1 
Mexico 192 6.899 1,878 Ai 11,608 18,077 581 14.671 16,387 
Spain 214 5.559 6.487 523 11,885 14,860 1,656 81,871 $9,917 
enezuela___ _ __ ae Soen p 294 5,623 7,484 290 6,570 , 
Other ZA H^ Ss 1141 73,819 "3,985 248 5,062 
Total? CL“ 1,005 83,633 81,784 2,215 59,801 70,685 4,6688 — 108,067 124,418 
Revised. 
1Cost, insurance, and freight. 
Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census, U.S. Department of Commerce. 
Table 21.—U.S. imports for consumption of hydraulic cement and clinker, 
by customs district and country 
(Thousand short tons and thousand dollars) 
1984 1985 
Customs district and country Quan- Value Quan- Value 
tity Customs Cif! tity Customs Cif? 
Anchorage 
Canes. 82 4,839 5,601 2,441 8,212 
CC s s eR Se? SCH Së 957 1,374 
Korea, Republic of `... Pu xin pos 49 1,984 2,166 
Singaportte:e: mae n 2 4 277 433 
Total ⅛—³u ͤ Se a ee 82 4,889 5,607 189 5,669 1,785 
Baltimore 
Denmark 6 444 831 m oe ae 
apan- -------------- wl 17 23 OH 16 23 
Ni 8 Be ée E 6 179 219 
Netherlands a 2 2 * 2 28 


See footnotes at end of table. 
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Table 21.—U.S. imports for consumption of hydraulic cement and clinker, 
by customs district and country —Continued 


(Thousand short tons and thousand dollars) 


1984 1985 
Customs district and country Value Quan- Value 
tity Customs Cif! tity Customs Cif! 
Baltimore —Continued 
pen c I PET ew ES S 105 2,836 3,824 
enezuela __________.___ Mes ENS: ws 1,055 1,377 
Total- oe se ou 6 463 856 196 4,112 5,471 
Belgium-Luxembourg ------- m " Snes (3) 12 15 
Canada... . ek 10 320 335 60 1,819 1,855 
n EEN GE EI SNNT 89 2,152 2,236 
enezuela ___._______-_- nd ed EN 6 170 225 
Total eee wk ls 10 320 335 155 4,153 4,331 
Buffalo: Canada 718 27,643 30,438 911 31,909 34,299 
Charleston: 
France Ge Ge x (3) 17 20 
Germany, Federal Republic of Ep NN Së (3) 6 1 
pen 22 UT SE SÉ 130 2,449 3,240 
enesuela |. LLL Llc s lcl is cum E 29 499 532 
r zg =e a 160 2,971 3,799 
Bel gins Lüssvibourg 3 wl 10 11 d "e FR 
Ere PEN SEES Se = se ) 1 1 
German Democratic Republic ME Leg "— (?) 2 3 
Germany, Federal Republic of (* 15 20 (2) 43 57 
denen. wl 1 1 à 6 9 
Yugoslavia... 2L LLL. ê) 5 7 @) 9 16 
Total ê) 31 39 (3) 61 86 
Cleveland: Yugoslavia |... (*) 4 8 inr SC PN 
Detroit: 
Belgium-Luxembourg -......- wl 6 "- Su 
Canada... A A A 293 18,588 19,243 477 20,901 22,268 
Netherlands. __________ _ — (5 7 Sg Lc TIZ 
EE 293 18,601 19,259 477 20,901 22,268 
Duluth: Canada A 156 077 6,312 184 5,936 7,429 
EI Paso: 
CanndqMq¼aaaaa hu is S (3) 16 16 
Mexico 818 11,683 - 11,683 541 18,653 18,653 
Total... l.c 318 11,683 11,683 541 18,669 18,669 
Great Falls: 
Canada... eoo re 2 130 130 2 61 61 
Germany, Federal Republic of er E "T (?) 35 49 
Total... nm 2 130 130 (3) 96 110 
Honolulu: 
Japan - — nns 6 341 511 — 
Korea, Republic oa 18 1,604 1,714 52 4,600 5,035 
U /˖·˖˙ A 24 1.945 2,225 52 4,600 5,035 
Houston: 

EE ada oi 9 320 459 
Colombia 42 830 1.316 112 1.961 2.493 
Germany, Federal Republic of (*) 62 16 (?) 135 169 

J E HR es cae E SE A 29 111 1,108 
lay 425 0 enn c 29 964 985 Sk ae M 

EE 124 2,654 3,250 AS oe S 
Netherlands T ee (?) 1 1 
Jon 22 A 230 5.987 6.767 518 11.887 13.937 

enezuela — ks Se Roh Mo 668 Ti5 
Yugoslavia. -----------_- à 80 126 1 43 59 
Total® .-..........-- 425 10,577 12,520 692 15,735 19,013 

See footnotes at end of table. 
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Table 21.—U.S. imports for consumption of hydraulic cement and clinker, 
by customs district and country —Continued 


(Thousand short tons and thousand dollars) 


1984 1985 
Customs district and country Quan- Value Quan- Value 
tity Customs Cif! tity Customs Cif! 
Laredo: 
Canada________________ ($ 1 a EN eit 
Mexico 88 3.210 8,210 68 2,368 2,828 
Venezuela 1 5 5 us HE Es 
Yugoslavia.. .- wl 61 90 e m EE 
Totál- oo eke 89 8,261 8,806 68 2,368 2,828 
Los Angeles: 
Denmark zs MS ES 9 662 1,082 
Fran 2a EN SÉ 3 16 
Germany, Federal Republic of wl 10 15 "S EN ERN 
Japan.. --------------- 24 681 775 344 9,002 10,548 
Korea, Republic ah 243 6,550 294 17,346 19,216 
Mexico A A A ES SES (*) 8 3 
Spain EE 107 2,828 8,764 256 6,288 8,973 
iwann dis we is ($) 17 31 
Vugoala via 1 81 198 2 199 384 
c ee eck c $15 10,096 12,779 909 $8,588 40,201 
Miami: 
Bahamas 2 68 90 8 219 246 
Bahraangnn 2s cm Deg 4 116 129 
Barbados tas — € 4 129 143 
Belgium Luxembourg 8 220 1,671 ae n 186 
Costa Rica _______________ SS Ss SS 0 10 1 
Mexico ---.--------- 219 8,460 10,876 333 9,841 12,513 
Span ER 284 7.257 272 1,296 9 
enezuela ______________ 230 5,984 1,862 579 14,388 18,814 
CC 798 21,989 29,582 1,225 82,664 42,215 
Milwaukee: Canada 98 3,159 MUS i: 23% 
Mobile: 
Canada ($ 8 "T 2t T 
Grech ius Ee SH 228 8,956 
pen —— ͤ ͤ Ä 78 1,725 2,464 681 11,811 16,141 
enezuela ______..._____ 104 1,778 2,672 59 1,011 1 
CTC AAA 182 8,506 5.189 16,778 22,829 
New Orleans: 
Belgium-Luxembourg _ — __ — __ Ses M wl 16 
Canada 1 8,151 11,084 214 9,682 18,251 
Colombia 16 506 Ge 
France - AAA 76 1,727 2,383 894 9,572 18,172 
Guatemala______________ en e s à 6 
Mexico 216 4.780 6,033 228 842 
rr gems CCC 65 2,029 2,620 151 8,636 5,767 
eneguela ___.__________ 81 2,001 2,780 197 4,243 6,079 
PCC» 636 18,989 25,406 965 27,380 $8,636 
New York City: 

FFT 44 1,406 1,581 189 2, 8,871 
Colombia Ke € eg 6 126 243 
Fr ane 447 572 mS ta Mm 
Greece Lc ee EE "E m E 64 962 1,499 
Guatemala. ._.___________ CH di mu 85 750 900 
/§˙»ðẽ ⁵⅛C (* 4 6 26 530 541 
Norway. y Ly St 46 1,758 3,981 
yen E Mea 418 12,010 14,994 576 16,625 20,877 

enezuela ~. ..—-------—- 181 2,449 2,914 66 1.120 1,549 

Total... ee eS 615 16,816 20,078 958 24,232 82,961 

Nogales: Mexico 187 7,097 7,361 314 12,149 12,149 
Norfolk: 

RU T 3 des eke 

EEN 28 3.001 3.475 20 1,723 1,781 
Germany, Federal Republic of DS = ez (?) 9 1 
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Table 21.—U.S. imports for consumption of hydraulic cement and clinker, 
by customs district and country —Continued 


(Thousand short tons and thousand dollars) 


1984 1985 
Customs district and country Quan- Value . Value 
tity Customs Cif! tity Customs Cif! 
Norfolk —Continued 
Namibia za meee "n 8 218 281 
sin is ch pete EEN zu 55 1.573 1,888 
enezuela _._______.____ 28 782 979 78 1.879 2,419 
l ee 56 3,786 4,457 161 
EGRE Canada EE 415 18,168 18,178 843 12,456 12,492 
Pembina: Canada 3,390 : 
Philadelphia: 
Germany, Federal Republic of 8 7 xe e" x 
icof E m = 22 880 930 
N Sk 8 1 22 880 990 
Port Arthur: 
Colombia 20 845 462 EE = 
% E 2 Ste 179 185 4,061 
F Se Se Ge 476 590 
T See ie ere 20 845 462 205 4,830 5,238 
Portland, ME: Canada 21 163 163 6 278 278 
Portland. OR. 
Canada 42 1.895 1.857 11 607 659 
JOPEN = oo A 40 42 51 1,178 2,011 
Korea, Republic of . _ — — 2a dos? 19 489 625 
Total? -- Seen eee kes 42 1,785 1,899 81 2,214 8,296 
Providence: 
Bahamas zt S au 4 109 165 
CAÓDRdA - -------------- 4 107 858 AN 
Venezuela _.__._-_____-_- 10 418 687 55 1,383 2,115 
ee 1,045 59 1.492 2,281 
St. Albans: Canada _ 571 18,101 18,139 548 18,007 18,007 
San Diego: 
Colon bia 40 652 462 E ES ere 
APC 2.241 3.648 308 11.254 
Mexico _ -------------- 451 15,581 19,121 368 14,008 15,720 
Veneguela _........-._.. 10 41 
TOU. o uen oe ee 592 18,618 23,490 686 22,754 27,441 
San : 
Belgium- Luxembourg 22 Van EUN CO 51 
OMBRE E ME: ae ud n" 84 1,295 1,447 
Germany, Federal Republic of à 1 9 Sis — . 
Haly ascia eius Ce à —— (*) 18 23 
TT, E 60 2,298 2,559 157 8,597 4,446 
Korea, Republic 6 71 1.892 2,389 4l 1,164 
Sweden. AAA Ced) 8 10 c SEU = 
Yugoslavia... -- 2 Fw "m" (2) 8 6 
Total" 181 4,205 4,961 238 5,859 7,178 
San Juan, PR: 

MENTRE ee 5 240 294 80 1,094 1,430 
Belgium-Luxembourg gg 9 884 1,297 10 841 1,292 
Brazil _ - - -~-~ ---------- 1 39 45 1 10 89 
Canada _— - - —------------- 1 1 ag -— » 
Colombia 48 1.170 1,881 14 1,747 2,126 
Costa Ria 19 à 1,261 1 15 85 
Denmark 1 146 175 2 125 228 
Dominican Republic 6 206 262 19 350 485 
Germany, Federal Republic of as ee ut 2 126 191 
Honduras ee 2a 28 3 102 157 
Pannen 24 231 212 6 280 805 
Bee, 12 598 833 98 2,180 3,184 
Venezue 77 8 293 447 8⁴ 2,812 3,541 

Total? _ - - --~--------— 135 4,847 6,218 329 10,342 13,063 
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Table 21.—U.8. . hydraulic cement and clinker, 
customs district and country —Continued 


(Thousand short tons and thousand dollara) 


1984 1985 
Customs district and country Quan- Value Value 
tity Customs Cif! tity Customs GA 

Ba 
Germany, Federal Republic f wl 6 6 SS 25 ñi 
cc c E E 10 219 $41 87 1,242 1,508 
CCC 10 284 858 74 1.581 1,898 
roe 251 10,568 11,761 868 14,899 16,238 
F " z pn Ks ul ue 
Yugoslavia.. __--------_- bi Bi -- ® 8 19 
Wall 251 10,585 11,798 506 20,544 22,706 

FF 10 233 888 286 1,078 8,840 
Costa Rica . wl 8 8 ae e T 
Denmark... 2... .. 25 W W 61 W Ww 
Fran 4 94 W W 196 Li Ww 
Germany, Federal Republic of _ _ wl 16 20 et Sits 2% 
, eer heet See SE s "— 11 186 206 
Mexico A 362 10,645 1 862 20,328 25,340 
Spain J) eae erate PROS 565 17,148 19,990 401 10,176 12,701 

ul 414 11,884 18,620 290 6,586 8,448 
Total“ 1,469 45,691 58,845 1,981 58,681 72,700 
W of the United States: 

F PE 25 wl 17 23 
Colombia 2 128 129 18 814 365 
Dominican Republie 4 120 142 6 229 268 
Leeward and Islands _ 7 285 441 e 6 9 
Mario 8 464 513 dus Dë 22 
Panama ` e 2 78 91 4 177 179 
United Kingdom ..-------- FRE Ke EES 9 1 10 
Venesuela E e SEN die E 10 276. 820 

Tile eco se 23 1,010 1,816 88 1,528 1,668 
Wie EE 2 m B4 E Se " 
Colombia 49 1,474 2,180 142 4,004 4,889 
Spain We La is mum mulu c 6 161 202 6 169 206 
neu TOM RS DN 4 102 208 
Total eee cee cheese 57 1,718 2,416 152 4,425 &296 
Grand total“) 8,846 294,201 848,482 14,487 437,429 528,773 
W Withheld to avoid disclosing company proprietary data; included in “Total.” 
insurance, and freight. 
Less than 1/2 unit. 
*Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census, U.S. Department of Commerce. 
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Table 22.—U.S. imports for consumption of cement and clinker 
(Thousand short tons and thousand dollars) 


Hydraulic White 
other hydraulic cement nonstaining Total! 
Y cement clinker portland cement 
ear — 
Value Value Value Value 
Quantity (cus Quantity (cus Quantity (cuss Quantity (cus 
toms) toms) toms) toms) 
IRI See coe ews Res 2,654 1,226 46,447 117 10,140 8,997 151.240 
17 ET 2,369 81,710 410 18,385 90 10,791 2,929 110,886 
1989 RPM ͤ S 3.104 109,791 1,005 83,633 160 18,014 4,2268 161.439 
E TEE 6,379 204, 2,215 59,801 252 29,507 8,846 294,207 
Nee 9,581 306,472 4,633 103, 067 274 27.890 14.487 497,429 


!Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census, U.S. Department of Commerce. 


WORLD REVIEW 


World cement production increased 
slightly to 1.07 billion tons. The United 
States accounted for 7% of world produc- 
tion. In order of production, China, the 
U.S.S.R., and Japan were the three princi- 
pel producing countries and accounted for 
36% of world production. The 10 largest 
cement producing countries accounted for 
6096 of the world's total. Exporting coun- 
tries continued to view the United States as 
a primary market for their excess cement. 
Thirty-three countries exported cement to 
the United States in 1985 compared with 23 
in 1984. 

Rock Products' magazine report on the 
world cement industry described the follow- 
ing significant activities in cement plant 
construction, modernization, and expan- 
sion:* 

Australia.—Adelaide Brighton Cement 
commissioned its 550,000-ton-per-year 
grinding plant. The new plant will serve 
markets in Brisbane, southern Queensland, 
and northern New South Wales. 

Belgium.—S.A. des Cimenteries CBR 
completed work on its 2,870-ton-per-day 
clinker production line at its Antoing plant. 
The lime included a five-stage preheater 
kiln with precalciner and is designed to 
burn low-volatile fuels. 

Egypt.—Egypt continued to vigorously 
expand its cement production capacity by 
putting into operation five new kilns: a 
3,600-ton-per-day kiln at Tourah Portland 
Cement Co., Tourah plant; one 4,900-ton- 
per-day and one 5,500-ton-per-day kiln at 
Helwan Portland Cement Co.'s Helwan and 
Assiut plants, respectively; a 4,900-ton-per- 
day kiln at National Cement Co.'s, Helwan 
plant; and a 4,900-ton-per-day kiln at Suez 


Cement Co.'s Quattamia plant. 

France.—Ciments Francais finished mod- 
ernizing its facilities at Beaucaire by adding 
a five-stage preheater kiln with a precalcin- 
ing system, which increased production by 
3,000 tons per day. The company also added 
a precalciner and traveling grate cooler to 
the Dopol kiln system at its Bussac plant, 
which increased production by nearly 900 
tons per day. 

India.—The Indian cement industry con- 
tinued its program of plant construction, 
modernization, and expansion. Kesoram In- 
dustry and Cotton Mills, Hyderabad, put its 
new 1,980-ton-per-day preheater-precalciner 
kiln and 150-ton-per-day raw material roller 
mill into operation; Cement Corp. of India 
added a new 3,300-ton-per-day dry-proc- 
ess kiln and coal grinding system to its 
Neemuch plant; Mysore Cements Ltd. put a 
new 1,650-ton-per-day dry-process plant 
with a five-stage preheater kiln into oper- 
ation at Damoh; the Indian Rayon Corp. 
commissioned its 1,650-ton-per-day dry- 
process plant with preheater kiln at Rayon; 
Raymond Cement Works put into operation 
its expanded 4,200-ton-per-day dry-proc- 
ess five-stage preheater-precalciner plant; 
Shree Cement Ltd. commissioned its 2,000- 
ton-per-day Beawar plant and started up its 
Sikka plant, a 2,800-ton-per-day operation. 

Korea, Republic of.—Halla Cement Man- 
ufacturing Co. completed work on its 1.3- 
million-ton-per-year dry-process preheater- 
precalciner plant; Hyundai Cement Co. Ltd. 
expanded capacity of its Danyang plant 
from 1.5 to 3.3 million tons per year; and 
Sung Shin Cement Industrial Co. Ltd. ex- 
panded the capacity of its Danyang plant 
from 2.8 million to 3.5 million tons per year. 
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South Africa, Republic of.—Pretoria 
Portland Cement Ltd. began operating its 
660,000-ton-per-year plant at Dwaalboom, 
Northern Transvaal, and Blue Circle Indus- 
tries upgraded its No. 6 kiln at its Lichten- 
burg plant in Western Transvaal, increas- 
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United Kingdom.—Blue Circle Industries 
5-year program to modernize its cement 
manufacturing and distribution facilities 
was virtually complete with the conversion 
of its Cauldon plant at Staffordshire and the 
Dunbar operation in Lothian to single pre- 


ing its clinker capacity by 550,000 tons per  calciner kiln operations. 
year. 
Table 23.—Hydraulic cement: World production, by country! 
(Thousand short tons) 
Country 1981 1982 1988 1984" 1985* 
Afghanistanꝶn 85 96 F 100 F 690 *85 
Albani". ncs cu Lee ³ 88 r870 915 1925 1925 935 
RT o QX ⁵ y u es LS 34,916 74, 850 15 900 76. 100 6,100 
Angola o ras ð ß 8 216 216 243 386 386 
Argentina eee oo ͤ 7,881 6,199 6.198 "*5644 5,500 
All 16.620 6,332 5,331 6,022 6,600 
All 5.829 5.525 5.409 5,400 5,500 
Bahamas „„ 82 71 29 (*) Ze? 
Bangladesh? ___-_________-________ 22 22r 880 360 838 301 3265 
AE K 88 Mo "m 25 *165 220 
Belgium - d 1,816 6,967 6 6,300 5,800 
Benin P ee LL 821 847 881 331 331 
Bolivik eegene eebe mr a 413 858 361 360 330 
ET WEE 28,716 28,268 23,005 27,558 29,800 
Bulgarians os ꝛ . RE ³ A 88 6.000 6.188 6,221 6,302 5740 
lf ³⅛ðV³A eer 8 350 879 369 843 526 
Cameron - - - - ----------------------— *569 584 612 9 NA 
Canada .—-. ] ů TM! o. ecu a 11,188 9,288 8,676 9,489 310,537 
Lë . AE 2, 1,248 1,883 1,532 1,430 
China unu d 92,594 103,697 119,325 183,468 157,100 
Colom ee eee bees 4,915 5,546 5,816 5,859 
%%%%%%%6öÜê¹ſ ss ee su dec he, 54 48 17 (*) NA 
Cĩ ²˙¹-ꝛ⁰ ’²] ˙ ˙¹— SEX e Sume E 507 467 425 *886 886 
r ⁵ĩVʃ„/ y K —— 8,629 8,481 8,562 8,689 *8.483 
Cie soo oo lec cm cq c 1141 1,177 1,039 940 $21 
Czechoslovakia. . _ - - - - ----- A A 11,735 11,881 11,572 11,607 11,300 
p e 1,766 1.951 1 1,839 31,917 
Dominican Republiiiaa 1,049 1,046 1,217 1,260 1,270 
C77C77C%%%%%%%%%ꝙ—ÿ%⏓mm“ -= 1.385 1.747 1,598 1,636 1,540 
|^. So oes fn 3,857 4,696 6,063 7.200 8.500 
ElSalvador ~~~ n „„ 505 461 476 449 440 
,, hh se AE 143 154 165 176 176 
FL. ence ecc 8 7102 97 121 108 3103 
Finland So teh oe m. er It 72.001 12,053 2,102 1,814 1,760 
Franc. et es es 8 81,117 28,825 27,011 25,049 25,400 
Gabon ea suce m A 165 193 182 229 230 
German Democratic DHE —— e enc 18,458 12,920 12,987 12,737 13,000 
Germany, Federal 1 ee os 84,721 $3,155 83,583 81,867 82,000 
e o.oo ts pc Em 481 4320 4320 880 
hl.!!! ½ĩrc G ł ł—ò eet c E 14,264 714,176 15,648 14,904 14,900 
Guadeloupe” %%%. ⁵ V 8 176 176 176 176 176 
Guatemala ~- -. -= 567 558 498 866 870 
| MOON a EE 260 234 *238 *243 243 
Eloge 343 306 535 *551 550 
Hong Ne. eee 1,678 1,582 1,892 2,087 32.023 
Hun 5.109 4.816 4,677 4,569 "4054 
Iceland. -scs ona oe a a mL 134 187 127 130 126 
Indis 2 enl r MES LE ur 22,884 24,800 21,950 82,000 336,431 
dess ⅛ð ß ee 7,596 8,268 9,025 9,765 11, 
iran. c crece E 8,818 10,472 11,023 11,574 12,100 
r nece e EE 36,173 6,178 6,173 8,818 8,818 
Ireland. oncle ncn X adbuc ec 2,136 1,742 1,638 1,518 1,540 
Leekoll E 2,271 2,418 2,269 3,377 2,400 
// hea ee a 45,804 43,793 43,229 41,648 44,000 
Ivory Coast ( ·ü¹AA AA A ⁵ĩ RI GE E IS EUH 1,323 1,218 702 591 590 
SMITA EE 182 238 306 288 
11 ' eu ee 8 93,506 88,943 89,167 86,928 280,311 
e . ß cause 1,068 876 1,401 2,192 2,340 
Kéhyi. ncn C E E *1,433 *1,438 1411 1,283 1,200 
Korea, Norten, 8,818 8,818 8,818 8,818 8.818 
Korea, Republic ol 17,215 19,717 23,459 22,501 222.514 
Küwait EEN 1,707 1,712 1.239 1,305 1,200 
§ſù%Cͥ⁵ ⁵ð vd —— . PET 2,636 1,874 1,653 1,378 1,100 
E EE 95 88 94 93 105 
ö ͥͥ‚‚‚ͥ cx mv 8 8.527 4.409 5.512 6.614 7.200 
Luxembour kk 879 389 375 350 
Madagascar... - - --------------------—- 39 40 *39 *39 89 
Malawi: us oe ae tee Eua ti 86 159 78 77 70 


See footnotes at end of table. 


"Revised. NA Not available. 


*Estimated. "Preliminary. 

"Table includes data available through July 8, 1986. 
"Data are for the year beginning Mar. 21 of that stated. 
"Reported figure. 


“Revised to sero. 


*Data are for the year ending June 30 of that stated. 
Revised to Not available." 


"Converted from officially reported data provided in terms of 94-pound cement bags. 


Excludes natural cement. 


TECHNOLOGY 


Cement.—Martin Engineering Co. devel- 
oped a new solution to an old problem, the 
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Table 23.—Hydraulic cement: World production, by country! —Continued 
(Thousand short tons) 
Country 1981 1982 1983 1984P 1985° 
MO. . 15.22.32: XL NI Lis. 2. 3.123 3,443 3,573 8,824 3.600 
Mallesdmoso-idio cob dii di ach. Quia det oe tm oc m D 22 30 22 28 28 
Ee EE a ere | A CC 3198 220 220 220 220 
r SES e e 2 66 66 e66 (*) s 
Maio ep. bereet ae ee éi 19,817 21,272 18,814 20,322 322.686 
Mene sei. m did dete tie: Rates depo he KS = 231 386 310 386 440 
. — Oo dem 3,975 4.122 4.242 8,955 34.015 
i ERS TT ET ee ee VE 256 386 463 *496 496 
e 34 *28 50 43 335 
r 3.655 3,420 3,425 3,501 8,450 
0000 A E Beas 55 59 *66 *66 66 
New Zealand Mss d: dio aloe aod eu no cd D anie s am mo m p ‘979 71,175 1,054 1,113 1,200 
1 184 110 110 110 110 
TT 34] 42 42 42 42 
c C rmn M 22.756 3,968 8,968 8,968 8,968 
"vk Je Pimp Jo ENCORE aah 2.025 1,969 1,783 1,607 31,764 
PEE o a dida ee 73,954 74.016 5,443 5,178 35,212 
bt eese e x e S - ee eg 513 386 360 335 330 
r a 172 122 169 120 165 
peru EE 3,395 2,855 2.535 2.425 2.425 
J 4.508 4.795 4.831 4.040 3.500 
Ne... c ns DUM EAE gl ramis si esto A 15,681 17,747 17,857 18,409 316,535 
a T GT E EE 6,280 6,393 6,683 6,106 ,600 
ge aR age ee aA 284 252 413 527 527 
REN" SELL a oS fe cepi . 16,255 16,529 15,397 15,653 ?13,448 
r K 5,219 7,885 8,957 9,921 9,900 
BEN beggen e co adul teins 410 401 435 424 425 
. geck, tbe SAREE 2,484 2,971 3.476 3,110 32,195 
South Africa, Republic oll. 8,923 8,830 8,705 9,025 37,754 
2 mh Canary Islands) 31,693 32,594 33,771 28,038 28,100 
d 708 717 558 551 660 
ae RI ND. Milli UNO. ae causas —— — mimm t 165 202 *220 194 3213 
Bo Bo TH ucc) eit Bi aas a» qd aat dii oum wa a aro mtn 78 79 82 55 55 
11777 ˙ A ⁵˙ . 2 EH 2 2,555 12 540 2.469 2.604 2.900 
C ͤͤ TTT 4,793 4,513 4,564 4,609 4,630 
OS . eee e se vis fta 12 55g 2 864 3.996 4.720 3.900 
poo 07 wit ˙ꝗ—m—᷑—̃ñᷣ ⅛˙— .... EE 15,809 14,806 16,325 15,690 315,893 
/ chee pote Milite een Ss x 5433 *441 *463 408 440 
TE E MS orenctardvenun dy ad ab ce mter d ax Va. Si oro SH 6,904 1,285 8,006 9.083 9,040 
o0 a sk ecg ea ap Er te I T es 314 308 256 268 310 
ZEE TUNE Lu a ares ge d ege ect c tini m a zn 154 209 430 447 450 
po C See ee ˙ ee = 2,227 1,965 3,142 3,649 3,900 
P ⁰ AAA E ORC pU 16,582 17,392 14,986 17,348 17,600 
CICERO ates Sided ee ariel 7 19 xc ZG 22 
| SER esa BSR = IEEE CS 140,180 136,335 141,268 143,453 144,000 
United Arab Emirates 71,896 12447 2.280 4,415 4,400 
JJ. a ana 14,031 14,288 14,767 14,860 314,709 
United States (including Puerto Rico)... 8 12,932 64,341 71,347 78,699 978.859 
oo TEETH AAA ͤ EH 818 126 442 368 330 
Lu N É 5,375 5,988 4,899 F 5 270 5.400 
. ea pu quite cde 2o ori pi eek 601 882 1.023 1.213 1.430 
c AA 90 261 661 937 940 
TT e eer ee cie dias d 10,781 10,712 10,573 10,268 9.950 
1 aig ar o ap aras cid a nian e dp SS aream dr 1545 596 565 583 530 
a i aE EE 159 170 171 266 270 
0 ²˙ RS ES r 648 635 ($) ($) 2 
Toll. ß Siue 1977, 884 "978,362 1.010.116 1,045,468 1.071.225 


material buildup in cement kiln preheaters. 
The technology has been used successfully 
use of compreesed-air cannons to remove for many years on silos, bunkers, and hop- 
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pers. When a quick release valve is opened, 
an explosive charge of compressed air is 
expelled into the structure. The sudden 
powerful release of energy into the material 
causes it to break away from the walls and 
flow freely to the kiln. Benefits of the new 
technology were reduced work force, in- 
creased productivity, and decreased energy 
consumption through improved heat trans- 
fer and air-material flow.* 

A new high-efficiency air separator, call- 
ed the Sepax, was developed by F. L. Smidth 
and Co. A/S. The separator was succeesfully 
tested at the Sociedad Financiera y Minera 
S.A. cement plant in Malaga, Spain. Test 
results showed a 30% increase in output 
and a 2096 reduction in energy consump- 
tion. The excellent performance was due 
primarily to effective dispersion of material 
fed from the mill to the riser duct. The 
separator was designed for easy integration 
with different plant configurations, not only 
for cement grinding but also for processing 
other materials.* 

Concrete.— The Bureau of Mines summa- 
rized its research on sulfur construction 
materials as well as related research con- 
ducted by other Government organizations 
and the private sector. The research activi- 
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ty covers three areas, sulfur concretes, sul- 
fur spray coatings, and sulfur-extended as- 
phalt as a paving material.’ 

Fuller International Inc., Bethlehem, PA, 
a cement industry equipment supplier, 
announced the results of its worldwide 
search for ideas on new ways to use cement. 
A total of 540 entries were received from 24 
countries. The first place award for the 
most original idea involved the use of port- 
land cement for reducing sulfur emissions 
from fossil-fuel-burning powerplants. The 
second place, granted for the idea closest to 
implementation, involved the use of port- 
land cement as an antistripping agent in 
asphalt mixes.* 


!Mineral specialist, Division of Industrial Minerals. 

U.S. Department of Commerce, International Trade 
Administration. Construction Review. V. 32, No. 1, Jan.- 
Peb. 1986, PP. Ga 


e erer 8 0 


Rock Products. Cement International. V. 89, No. 4, Apr. 
1986, pp. 89-75. 

Brown, B. E., and L. J. Goldbeck. Using Air Cannons on 
Cement Kiln Preheaters. Pit & Quarry, v. 78, No. 2, Aug. 


1985, pp. 95-106. 
* Joergensen, W. 8. Develop pups Efficiency 
ystems. Pit 


Air Sepe- 
rator for Grinding S v. 18. No. 1, 
1985, pp "CES CR 0. 


" McBee, W. C., T. A. Sullivan, and H. L. Fike. Sulfur 
Construction Materials. BuMines B. 678, 1985, p. 31. 

*Fuller International Inc. Quest: The Worldwide Search 
for New Uses of Cement. Nov. 1985, p. 30. 


Chromium 


By John F. Papp: 


In 1985, reported chromium consumption 
was 292,766 short tons, a 7% decrease from 
that of 1984. The reported consumption of 
chromium by the metallurgical and refrac- 
tory industries decreased, whereas that of 
the chemical industry increased. Metallur- 
gical industry production includes ferro- 
chromium preduced as part of the National 
Defense Stockpile (NDS) conversion pro- 
gram. Imports of chromite increased, those 
of ferrochromium decreased. 

Domestic Data Coverage.—Domestic con- 
sumption of chromite by the primary con- 
suming industries—metallurgical, refrac- 
tory, and chemical—are developed by the 
Bureau of Mines by means of the voluntary 
monthly “Chromite Ores and Chromium 
Products” survey. The companies listed in 
table 3 by industry accounted for 100% of 
the chromite consumption data by industry 


in table 5. In 1985, 83% of the metallurgical 
companies, 100% of the refractory compa- 
nies, and 67% of the chemical companies re- 
ported chromite consumption. Consumption 
was estimated for the remaining 17% of the 
metallurgical industry and 33% of the 
chemical industry. 

Domestic production data for chromium 
ferroalloys and metal are developed by the 
Bureau of Mines by means of two separate 
voluntary surveys. These two surveys are 
the monthly “Chromite Ores and Chromi- 
um Products" and the annual Ferroal- 
loys." Production by the six metallurgical 
industry companies listed in table 3 repre- 
sented 100% of domestic production shown 
in table 4. Eighty-three percent of those 
companies responded to both surveys. Pro- 
duction for the remaining 17% was esti- 
mated. 


Table 1.—Salient chromium statistics 
(Thousand short tons, gross weight) 


1981 1982 1983 1984 1985 
CHROMITE 
United States: 
Exports onc ee ao ee 11 8 11 55 101 
)!... oe 67 57 5 4 4 
Imports for consumption L2 22s. 898 507 190 305 414 
Consumption . -2-2222 —-—_. 889 558 320 512 560 
Stocks, Dec. 31: Consumer 728 1546 1456 327 
World: Production 110,018 19 026 8.829 210,312 10,951 
CHROMIUM FERROALLOYS! 
United States 
Production® = 6 2G oer ob oe ee ee 226 119 36 95 110 
Export EE 14 5 4 15 10 
Reexports .__------------------—- 1 (3) 2 1 1 
Imports for consumption ___...._._____ 440 148 282 434 335 
Consumption LL LLL LLL cas car 423 262 388 395 369 
Stocks, 31: Consumer 54 26 26 25 31 
World: Production. __-_-__-______________ Ta 060 12612 2.774 5g 244 3,247 


*Estimated. Preliminary. Revised. 


! High- and low-carbon ferrochromium plus ferrochromium-silicon. 
Includes chromium metal, exothermic chromium additives, and other miscellaneous chromium alloys. 


Lees than 1/2 unit. 
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Legislation and Government Pro- 
In accordance with the President's 
November 1982 directive, the General Ser- 
vices Administration (GSA) continued to 
upgrade NDS chromium ore to high-carbon 
ferrochromium. The GSA reported conver- 
sion of 125,628 tons of chromium ore to 
50,254 tons of ferrochromium at a cost of 
$22.7 million in calendar year 1984 and 
187,015 tons of chromium ore to 49,463 tons 
of ferrochromium at a cost of $22.5 million 
in calendar year 1985. The GSA exercised 
its contractual option to extend NDS up- 
grading into its third year. 

The U.S. Congress, Office of Technology 
Assessment (OTA), completed a study on 
technologies to reduce U.S. vulnerability to 
chromium supply disruption. Based on criti- 
cality and extent of use, and vulnerability 
of supply, OTA found chromium to be a 
first-tier strategic material. Within the 
technological categories—mineral preduc- 
tion and metal processing, conservation, 
and subetitution—OTA identified and dis- 
cussed potential benefits of and barriers to 
vulnerability reduction. The OTA also 
examined the use of and potential subetitu- 
tion for chromium in superalloys used in 
defense applications.* 

The Bureau of Mines published a direc- 
tory of 45 domestic and 84 foreign chromi- 
um properties and deposits.“ Nonconfiden- 
tial data on location, reserves and re- 
sources, geology, mine and beneficiation 
systems, and operations were included. The 
Bureau analyzed the chromium industry of 
the U.S.S.R., a major world producer and 
exporter of chromite ore. The report found 
the U.S.S.R.’s reserves to be adequate to 
meet its long-term needs. It also found that 
both production growth and experts have 
declined in recent years. Salient character- 
istics of the Soviet chromium raw material 
base, mining and processing facilities, for- 
eign trade, policies and programs, and fu- 
ture outlook were described. The Bureau 
reviewed technological alternatives for the 
conservation of chromium. The review 
found that present U.S. chromium con- 
sumption could be reduced by about one- 
third by using available technology. Such 
technology could be used to substitute al- 
ternative materials and processes, to recov- 
er and recycle waste chromium, and to 
design for greater chromium efficiency.* 

The Environmental Protection Agency 
(EPA) issued final water pollution rules 
requiring the petroleum refining industry 
to more stringently control total chromium 
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and hexavalent chromium contained in 
waste water and storm water runoff from 
refinery property.' The EPA estimated that 
the new final rule would reduce allowable 
total chromium discharge by 286,000 
pounds per year, and hexavalent chromium 
by 19,300 pounds per year. In another re- 
port, the EPA found chromium trichloride 
to be an acutely toxic chemical.* 

The U.S. Department of Commerce and 
the Federal Emergency Management Agen- 
cy published new NDS Specifications for 
chemical industry chromite ore and for 
chromium metal and new NDS Special 
Instructions for chromium metal. 

The U.S. Department of Energy (DOE), as 
part of the National Uranium Resources 
Evaluation (NURE) program, geochemi- 
cally assayed for chromium in stream- 
water and stream-sediment samples from 
throughout the continental United States 
and Alaska. The DOE's NURE assay data 
were put into a computer data base. Re- 
searchers located an outcrop of chromium- 
ere rock by analyzing the NURE data 


ge July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. Based on a study of the 42 most 
Significant of 62 stockpiled materials, 6 of 
the 42 materials were allocated to tier I. 
Chromium was included in tier I. The cur- 
rent NDS chromium goal is 1.353 million 
tons contained chromium in the form 
of chemical- and metallurgical-grade ore, 
low- and high-carbon  ferrochromium, 
ferrochromium-silicon, and chromium met- 
al. Current NDS inventory is 1.276 million 
tons contained chromium. The proposed 
restructuring allocates 199,000 tons con- 
tained chromium to tier I and 594,000 tons 
contained chromium to tier II without speci- 
fying distribution among the numerous 
chromium material categories. These pro- 
posed allocations eliminate 177,000 tons 
contained chromium of unmet goals and 
483,000 tons contained chromium of current 
inventory. At yearend, this proposal was 
under consideration by the Congress. The 
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Department of Defense Authorization Act, 
1986 (Public Law 99-145), signed by the 
President on November 8, 1985, stated that 
no action may be taken before October 1, 
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1986, to implement or administer any re- 
duction in a stockpile goal in effect on 
October 1, 1984. | 


Table 2.—U.S. Government stockpile goals and yearend inventories for chromium in 1985 
(Thousand short tons, gross weight) 


Physical invento 
Stockpile A 2 


Material Stockpile- Nonstock- 
E grade pile-grade Total 
Chromite, metallurgical _. ._ --------------------- 3,200 1.943 313 2,256 
Chromite, chemiaalllll!!lklkllnLLL ee 675 242 SEKR 242 
Chromite, refractory ___._________..-_---------- 850 391 m 391 
High-carbon ferrochromium _~______.___---.------- 185 452 1 453 
Low carbon ferrochromium ms 175 300 19 319 
Ferrochromium-siliſo nn 90 57 1 
Chromium metal ______________ „„ 20 4 EE 4 
Source: Federal Emergency Management Agency. 
DOMESTIC PRODUCTION 


The major marketplace products of chro- 
mium are chromium ore, alloys, chemicals, 
and metal. In 1985, the United States pro- 
duced chromium alloys, chemicals, and met- 
al from imported chromium ore. No chromi- 
um ore was mined domestically. 

Domestic chromium resources are being 
developed by California Nickel Corp. and 
Interstrat Resources Inc. California Nickel 
awaited Forest Service, U.S. Department of 
Agriculture, approval of an environmental 
impact statement submitted in 1984. Chro- 
mium would be a byproduct of nickel and 
cobalt production at the Gasquet Mountain 
property. Interstrat financed a feasibility 
study for the Pine Flat Mountain claim, 
which it co-owns with Coastal Mining Co., a 
subsidiary of M. A. Hanna Co. Chromium 
ore would be a byproduct of nickel at the 
Pine Flat Mountain Claim. 

The Minnesota Department of Natural 
Resources (DNR) announced the discovery 
of chromium mineralization in the Duluth 
Gabbro Complex in northeastern Minneso- 
ta. DNR identified a 7-foot layer of rock at a 
depth of 2,400 feet to have a 3.9% chromium 


content. This material, although not of 
commercial grade, encourages DNR to in- 
vestigate further. 

Allied Corp. closed its chromium chemi- 
cals plant at Baltimore, MD. The Baltimore 
plant started production in 1845 as a pro- 
ducer of potassium bichromate. At closure, 
the plant had a production capacity of 
65,000 tons per year of hydrous sodium 
bichromate. 

Foote Mineral Co. closed its Graham, 
WV, plant. Elkem Metals Co. experienced a 
1-month strike at its Marietta, OH, plant. 
Satra Concentrates bought slags and equip- 
ment from Satralloy Inc. in Beverly, OH. 
Satralloy has not operated the ferrochro- 
mium plant since 1982. Satra Concentrates 
expects to produce about 175,000 tons of 
high-carbon and 1,000,000 tons of low- 
carbon chromium concentrates from slags 
during the time period 1985-89. 

Chem-Lig International started construc- 
tion of a plant at Port Allen, LA. The 
plant was to produce chromium and iron- 
chromium lignosulfonates for drilling fluids 
and other applications. 
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Table 3.—Principal producers of chromium products in 1985, by industry 


Industry and company Plant 

Metallurgical: 

Elkem AS, Elkem Metals Co. - - ---- ----- ----------------------- ES OH, and Alloy, 

Foote Mineral Co __________..-.-_--_--_---~--~~ ~~~ „„ Graham, WV. 

hh uou nnde cmd Ras Rb t Charleston, SC. 

Metallurg Inc., Shieldalloy Corp --- ----------------------------- Newfield, NJ. 

Moore McCormack Resources Inc., Globe Metallurgical Ine Beverly, OH. 

SKW Alloys Inc `- ---------------------------------------- Calyon 9 ha and 

lagara . 

Refractory: 

CCCJöĩ'k ͥ ˙¹·—o˙õ³6ö ß ⁰⁰ a M EE Ces Maple Grove, OH. 

Cor Refractories Co. Inc. ____.-.__------_------------------- P MS. 

Davis Refractories Inc __._._..__-...------_----------------- Jackson, OH 

General Refractories Co _-—----------------------------------- hi, UT. 

Harbison-Walker Refractories, a division of Dresser Industries Inc |... Hammond, IN, and 

Baltimore, MD. 
Kaiser Aluminum & Chemical Cordd7””‚dd‚dd: Piymouth Meeting, PA. 
National Refractories & Minerals Corp -~--~ ----------------------- Moss Landing, CA, and 
Columbiana, OH. 

North American Refractories Co. Ltd „„ Womelsdorf, PA. 
Chemical: 

Allied Chemical Corp... - - - -- -- -------------~----------------- Baltimore, MD. 

American Chrome & Chemicals Inc ____._.___.------------------- Corpus Christi, TX. 

Diamond Shamrock Corp., Diamond Shamrock Chemicals Coo Castle Hayne, NC. 


Table 4.—Production, shipments, and stocks of chromium ferroalloys and chromium 


metal in the United States 
(Short tons) 
ucc Net production Ne Producer 
Gross Chromium i ts stoc 
weight content EES Dec. 31 
1 
Low-carbon ferrochromium.. - - - ------------- -—- 
ferrochromium `... | 19,515 50,919 110,389 16,256 
Chromium concentrate 
F um-silicon. - - - - -----------------— 
Chromium f! ⁰˙ i AA | 15,885 8,324 10,383 8,282 
TOM o Se Se se « ]⅛ m umts a 8 95,400 59,243 120.772 24.538 
1985: 
Low carbon ferrochromium ... ----------------—-- 
High-carbon ferrochromium .----.--------------- 99,027 62,556 94,470 18,775 
Chromium concentrate 
Ferrochromium-ilicon. _..._-. 2.2.22 Lt 
Chromium metal . ll 10,536 §,637 14,002 4,786 
Total ot ae a ee hes 109,563 68,193 108,472 23,561 


Includes exothermic chromium additives and other miscellaneous chromium alloys. 


CONSUMPTION AND USES 


Domestic consumption of chromite ore 
and concentrate was 560,421 tons in 1985. 
Of the total chromite consumed, the metal- 
lurgical industry used 48.7%; the chemical 
industry, 39.7%; and the refractory indus- 
try, 11.6%. Most of the chromite consumed 
and ferrochromium produced by the metal- 


chapter). 

Chromium has a wide range of uses in the 
three primary consumer groups. In the 
metallurgical industry, its principal use in 
1985 was in stainless steel. Of the 376,452 
tons of chromium ferroalloys, metal, and 
other chromium-containing materials re- 
ported consumed, stainless steel accounted 
for 78%; full-alloy steel, 9%; superalloys, 
3%; and other end uses, 10%. Chromium 
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ferroalloys, metal, and other chromium ma- 
terial consumption decreased 6% compared 
with that of 1984. 

The primary use of chromium in the 
refractory industry was in the form of 
chromite to make refractory bricks to line 
metallurgical furnaces. Chromite consump- 
tion by the refractory industry decreased 
33% compared with that of 1984. 
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The chemical industry consumed chro- 
mite for manufacturing chromates, chromic 
acid, and pigments. Sodium and potassium 
chromate and bichromate are the materials 
from which a wide range of chromium 
chemicals are made. Chromite consumption 
by the chemical industry in 1985 increased 
18% compared with that of 1984. 


Table 5.—Consumption of chromite and tenor of ore used by primary consumer groups 


in the United 
Metallurgical Refractory Chemical 
industry industry industry Total 
aic — . oS ee SS M M De 
we 
(short tons) (percent) (short tons) (percent) (shorttons) (percent)  (shorttons) (percent) 
1981 __ 503,051 35.7 147,853 37.8 238,465 42.6 889 37.9 
1982 __ 283,481 35.2 760 36.4 194,985 449 568,17 38.9 
1983 . 64,310 39.3 050 36.9 188,611 44.9 319,971 42.0 
1984 . 225,121 48 97,469 314 188,960 44.8 512,156 42.8 
1985 __ 88.5 65,245 88.1 222,291 45.3 560,421 41.2 


Table 6.—U.S. consumption of chromium ferroalloys and metal in 1985, by end use 


(Short tons, gross weight) 
Ferrochromium 
Ferrochromium 
cius WM R 
Steel: 
Stainless asd Bead $191 215961 6211 SE 292.502 
F ues 6,091 26,510 1,685 83 84,429 
low-alloy and | 
Aecerie s 2.221 2,075 wW W 4.286 
TOO So eee eu od 989 3,032 250 T 4,221 
8 ee ne EN MIO 4286 3.887 68 3,226 era 
Welding materials’ __________ 428 646 MN 74 1.148 
Other alloys? „„ 416 166 W 2.012 2,594 
Miscellaneous and unspecified _ _ _ _ 102 24 11,462 1,183 12,711 
J 922 321.626 19,738 37,171 376,452 
Chromium content 19,108 174,999 7,185 5,619 206,861 
Stocks, Dec. 31! _____________ 5,482 24,115 1,289 41,280 32,166 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified.” 


‘Includes structural and hard-facing welding material. 
*Includes magnetic and nonferrous alloys. 

Includes 4,841 tons of chromium metal. 

“includes 535 tons of chromium metal. 


STOCKS 


Reported consumer stocks of chromite 
declined from 327,321 tons in 1984 to 
300,187 tons in 1985. Metallurgical industry 
stocks increased, whereas chemical and re- 
fractory industry stocks declined. Producer 
stocks of chromium ferroalloys, metal, and 
other materials declined from 24,538 tons in 


1984 to 23,561 tons in 1985. Consumer stocks 
increased from 26,302 tons in 1984 to 32,166 
tons in 1985. At the 1985 annual rate of 
chromium ferroalloy and metal consump- 
tion, producer plus consumer stocks repre- 
sented a 1.4-month supply. 
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Table 7.—U.S. consumer stocks of chromite, December 31, by industry 
(Short tons, gross weight) 
Industry 1981 1982 1983 1984 1985 

Metallurgical. ---------------------- 229,800 119,540 140,324 24,442 44,361 
ECHO nL 8 128,210 113,233 15,832 69,619 48,635 
Chemical E 370,463 312,808 239,420 233,260 207,191 
TTT 128,413 545,581 455,516 321,321 300,187 


Table 8.—U.S. consumer stocks of chromium ferroalloys and metal, December 31, 


by product 
(Short tons, gross weight) 
Product 1981 1982 1983 1984 1985 
Low-carbon ferrochromium -------------- 5,198 8,459 8,474 8,315 5,482 
High-carbon ferrochromiu mmm 46.601 21.793 20,948 19,946 24.115 
Ferrochromium-silicon nnn 1.801 1.237 1.294 1.422 1.289 
Other! ->>= 2,468 2,593 954 1,559 1,280 
Total. | occum oe eS 56,068 29,082 26,670 26,302 82.166 


oys. 


CES chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium 


PRICES 


The price of South African chromite ore 
decreased, whereas that of Turkish chro- 
mite increased. The published price of 
South African Transvaal chromite, 44% 
Cr.0;, no specific chromium-to-iron ratio, 
decreased from a range of $48 to $52 per 
metric ton to a range of $40 to $42 per 
metric ton, f.o.b. South African ports. The 


published price of Turkish chromite in- 


creased from $110 per metric ton to $125 per 
metric ton, f.o.b. Turkish ports. 

The price of domestic chromium ferroal- 
loys and metal remained unchanged. The 
published price of imported high-carbon 
ferrochromium containing 50% to 55% 
chromium decreased from a range of 43 to 
45 cents per pound to a range of 43 to 44.5 
cents per pound in January. It then increas- 


ed to a range of 48 to 45 cents per pound in 
September and declined to a range of 42.5 to 
44 cents per pound in October. The publish- 
ed price of imported high-carbon ferrochro- 
mium containing 60% to 65% chromium 
declined from a range of 45 to 46 cents per 
pound to a range of 44.5 to 46 cents per 
pound in January. It then increased to a 
range of 45.5 to 46.5 cents per pound in 
February, increased again to a range of 46.5 
to 48 cents per pound in June, and then 
decreased to a range of 46 to 47 cents per 
pound in October. The published price of 
imported low-carbon ferrochromium in- 
creased from a range of 87 to 89 cents per 
pound to a range of 88 to 89.5 cents per 
pound in June. It then decreased to a range 
of 86 to 87 cents per pound in October. 
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Table 9.—Price quotations for chromium materials at beginning and end of 1985 


Material January December 
Cents per pound of chromium 
U S. charge chromium (50% to 55% chromium) ~.. „„ (è) (?) 
Imported charge chromium (50% to 55% chromium) .- ----------------- 43- 45 42.5- 44 
charge chromium (60% to 65% chromium) . - - - -~ ~- ----------- 45- 46 46- 41 
charge chromium (66% to 70% chromium) tds 54 54 
o S. low-carbon ferrochromium (0.025% carbon). 2222 100 100 
U S. low-carbon ferrochromium (0.05% carbonuhn““nnnn»‚rnndn 95 95 
low-carbon ferrochromium Wende cL 89- 95 86- 87 
Simplex (low-carbon ferrochromium). - - - - - - - - ---- «„ 100 100 
Cents per pound of product 
Electrolytic chromium metaallllllllnnnnnss 375 375 
Ferrochromium-ilicon __....._.._-._.---------------~-------- T98.6 88.6 
price listing suspended. 
Source: Metals Week. 
FOREIGN TRADE 


Exports of chromium materials from the 
United States included chromite ore, chro- 
mium metal, ferroalloys, chemicals, and 
pigments. Exports of chromite ore and con- 
centrate increased 84% in 1985. Exports of 
all other chromium materials decreased. 

Imports of chromium materials included 
chromium metal, ferrochromium-silicon, 
chemicals, and pigments. Imports of chro- 


mium metal and 5 
decreased 16% and 50%, respectively, in 
1985. Of the chromium chemicals, imports 


chromate increased 100%, 15%, and 135%, 
respectively. Chromium carbide imports 
decreased 32%. 


Table 10.—U.8. exports and reexports of chromite ores and concentrates 


— OE 
Quantity Value Quantity Value 

(short tons) (thousands) (short tons) (thousands) 
e 70,672 $5,893 66,566 $9,575 
A 8,165 1,574 56,830 9,172 
Sie 11,032 1,874 4,561 1,850 
Ge 54,928 2,957 8,855 864 
Y 100,810 4,600 3,676 610 
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Table 11.—U.S. exports of chromium materials, by type 


1983 
Type Quantity 
(short 
tons) 
Chromite ore and concentrate 11,082 
Metal and alloys: 
Chromium metall! 238 
Chromium ferroalloys . _— .. . — 34.241 
Chemicals: 
Chromic acid 3,927 
Potassium chromate and dichro- 


mate 11 
Sodium chromate and dichromate 14.174 


Pigment 2.555 


‘Wrought and unwrought and waste and scrap. 
*Contained 2,589 tons of chromium. 
*Contained 9,996 tons of chromium. 
“Contained 6,277 tons of chromium. 


Source: Bureau of the Census. 


1984 
Quantity Quantity 

(short (short 

tons) tons) 
54,928 100,810 
259 222 
315,388 410,262 
5,672 3,881 
12 71 
18,321 9,726 
2,062 1,928 


1985 


Value 
(thou- 
sands) 


$4,600 


2,964 
7,688 


5,582 
94 
5,679 


6,438 


Principal destinations, 1985 


Sweden (67%); Republic of Ger- 
many (30%). 


Japan (21%); United Ki 
(32%), Canada (16%). 

Federal Republic of Germany 
(51%); Canada (32%). 


Japan (24%); Canada (23%), Re- 
public of Korea (16%). 


Canada (58%), Australia (10%). 
geg of Korea (23%); Canada 
ey China (17%); Colombia 
9e). 
Canada (29%); Federal lic of 
Germany (1796); Japan (11%). 


Table 12.—U.S. imports of selected chromium materials, by type 


1983 1984 1985 
Type Quantity Quantity Quantity Value 
(short (short (Short (thou- 
tons) tons) tons) sands) 
Metal and alloys: 
Chromium metala ...... 8,359 4,671 8,954 $19,615 
Ferrochromium-silicon |... 31,438 97.942 43,940 2,085 
Chemicals: 
Chromic acid 3,267 2,456 4,905 6,965 
Chromium carbide 231 181 123 897 
Potassium chromate and dichro- 
mate ---------------- 347 554 639 676 
Sodium chromate and dichromate 8,933 4,617 10,836 6,380 
Pigments: 
Chrome green 21 53 202 126 
Chrome yell 1,933 2,560 3,187 4,480 
Chrome oxide green 1,997 1,999 1,616 3,168 
Hydrated chromium oxide green 2 18 13 79 
olybdenum orange 738 1,013 1,077 2,278 
Strontium chromate 165 197 431 892 
Zinc yellow `... 1,381 1,186 1,731 2,121 


Principal sources, 1985 


United Kingdom (44%), Japan 
(32%); China (11%); France 
(10%). 

Zimbabwe (98%); Italy (2%). 


Italy (28%); Federal Republic of 
Germany (28%), Netherlands 
(16%), United Kingdom (1496). 

Federal Republic of fan 
(54%); United Kingdom (3396); 
Japan (12%). 


Federal Republic of Hermany 
(35%), United Kingdom (33%), 
U.S.S.R. (18%). 

United Kingdom (36%), Italy 
(21%), Turkey (13%), Republic of 
South Africa (12%). 


Mexico (73%), Canada (15%). 
Canada (59%); Federal Republic of 
Germany (17%); United King- 

dom (13%). 

Federal Republic of Germany 
(51%), Japan (29%); Romania 
(9%). 

Belgium (85%); Italy (15%). 

Canada (70%); Federal Republic of 
Germany (13%). 

Federal Republic of Germany 
(30%), France (24%), Spain 
(22%); Belgium (18%). 

Norway (44%), Federal Republic of 
Germany (18%); Canada (16%), 
Hungary (16%). 


!Wrought and unwrought and waste and scrap. 
3 Contained 579 tons of chromium. 

3 Contained 3,032 tons of chromium. 
*Contained 1,493 tons of chromium. 


Source: Bureau of the Census. 
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Table 13.—U.S. import duties for chromium-containing materials 


Item 


- a m a ———— 
— a m m mp e wm — 2 


e æ æ wee ei we e ew vm mm 2 


Most favored nation (MFN) 

Jan. 1, 1985 Jan. 1, 1987 
Free... dons No target duty  — 
8.496 ad valorem __ 8.196 ad valorem — 
1.9% ad valorem ... o duty ) 
10% ad valorem `. 0% ad valorem _ 
4% ad valorem .... 8.7% ad valorem _ 
1.6% ad valorem ... 1.5% ad valorem _ 
5% ad valorem ... 2.4% ad valorem _ 
4.7% ad valorem . . 4.2% ad valorem _ 
4% ad valorem ... 8.7% ad valorem _ 
e No duty .. 
%o $74 advalorem . 
3 do 
--- -d0 DUREE TIERE No d 2€ 
3 3.7% ad valorem 
„„ eee ss No target duty 


‘Includes wrought, unwrought, waste and scrap chromium metal. 
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Table 15.—U.S. imports for consumption of ferrochromium, by country 


-carbon ferrochromium High-carbon ferrochromium 
(less than 8% (8% or more carbon) 
Country Gross ium Gross Chromium 
weight content Value weight content Value 
(short (short (thousands) (short (short 
tons) tons) tons) tons) 
1984: 
Brazil. to oo dde "o z2 13,062 7,055 $4,616 
Canada... ---------- ae a a 23 15 10 
France . oe oc es 19 14 $25 21 18 4 
Germany, Federal Republic of 5,023 8,603 5,072 39 26 62 
Ill! 8 e zz ane 3,420 2,856 1,649 
6d wdcumes 710 §31 868 4,956 3,023 1,968 
pen MERC FE P ei 2 36 25 31 
ilipp ines ES Es ES 5,423 3,428 2,434 
Sou Republic of |... 4,997 3,066 4,018 251,919 136,199 97,010 
f Ke E M 925 632 429 
Sweden 4.325 8,168 4,778 1,101 689 480 
So ES MENO ave 1,873 1,256 1,613 7,907 29,234 19,848 
Y TC a ous "S 27,675 17,925 18,420 
Zimbab ye 8.074 5,581 . 6,885 38,170 24,868 18,802 
Total ez 25,182 17,236 283,891 400,677 225,481 160,064 
1985: 
CCC; ͥ A ee MR E 10,362 5,589 8,860 
Canada ES ae e 145 99 58 
Finland. .............- ME EP xe 8,851 4,658 8,534 
Germany, Federal Republic of 4,445 3,178 4,803 1,240 778 632 
Cree a "m m 4,082 2,489 2,238 
|i m 169 123 206 me RS EP 
Japan 513 887 541 602 998 589 
Netherlands 78 56 86 772 344 24 
Philippines SEN A AE 6,483 9,896 2,844 
South Afríca, Republic o 5,151 3,062 3,889 198,820 105,178 78,21 
Sweden... LL LLL LL. c 2- 7,004 4,180 7,063 x EFT EA 
Tuker J 4.094 7 4.135 26.982 17,340 13,152 
Y TTT oe SE — 3,998 9,065 7,155 
Zimbabwe `... 4,781 3,244 4,253 33,043 21,752 19,058 
Tota? oo ee ee 26,236 17,625 24,976 304,829 171,587 131,570 


‘Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


WORLD REVIEW 


World chromite production increased to 
11 million tons, from 10 million tons in 
1984. Ferrochromium production increased 
e SE tons from 3,155,000 tons in 

Chromite resource investigations were re- 
ported in Australia, Brazil, Pakistan, and 
Turkey. Ferrochromium production facili- 
ties started production in Finland and In- 
dia. Ferrochromium production capacity 
was being developed in India, the Republic 
of South Africa, Sweden, and Turkey. 

France and the United Kingdom were 
disposing of their stockpiles. Japan was 
building its stockpile. The Republic of 
Korea announced its decision to build a 


stockpile 

Finland and the Republic of South Africa 
are the two major world chromium produc- 
ers integrated from chromite ore production 


through stainless steel marketing. 
Australia.—Australia Mining N.L. made 
an agreement with Ascot Holdings Pty. Ltd. 
to explore the Omega Prospect in Western 
Australia, about 350 kilometers north- 
northeast of Geraldton. Previous explora- 


tion preliminarily identified a 1,600-meter 


strike length. Two 0.5-meter drill holes 
yielded material grading 7% and 8.8% chro- 
mium content. 

Brazil.—The Brazilian Mines and Energy 
Ministry located a chromite deposit about 
1.5 kilometers from the Mineracáo Vale do 
Jacurici S.A. operation in Bahia State. A 
second chromite deposit was located by 
Docegeo, the Brazilian state mineral ex- 
ploration company, in Pará State, about 15 
kilometers from the famous Serra Pelada 
gold mine. Brazil produces chromite for 
domestic consumption, ferrochromium for 
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domestic use and export, and stainless steel 
for domestic use. 

Euro Economic Community 
(EEC).—The EEC doubled ita 1985 duty- 
free ferrochromium quota from 228,000 tons 
to 456,000 tons, including ferrochromium 
containing not less than 4% carbon, from 
8,000 to 15,000 tons, and that containing not 
less than 6% carbon, from 200,000 to 
400,000 tons. 

The EEC set its 1986 duty-free quota at 
19,000 tons for ferrochromium containing 
not less than 4% carbon, and 200,000 tons 
for ferrochromium containing not less than 
6% carbon. 

Finland.—In 1985, Outokumpu Oy start- 
ed production, at its Tornio Works, with a 
75-megavolt- ampere furnace having a high- 
carbon ferrochromium production capacity 
of from 100,000 to 120,000 tons per year. The 
new furnace was constructed in about 15 
months between 1983 and 1985 at a cost of 
about $35 million. The new furnace is part 
of a process that uses hot gases resulting 
from smelting to preheat the furnace feed. 
Outokumpu started production of high- 
carbon ferrochromium in 1968 with a 35- 
megavolt-ampere furnace of 60,000-ton-per- 
year production capacity. Finland produced 
chromite, ferrochromium, and stainless 
steel for world markets. 

Greece.—Hellenic Ferroalloy S.A. an- 
nounced its intention to increase production 
capacity from the present 45,000 tons per 
year to 100,000 tons per year. The capacity 
expansion was planned to be achieved by 
adding a 36-megavolt-ampere furnace to its 
present 20-megavolt-ampere furnace. 

India.—Orissa Mining Corp. Ltd. started 
operation of its ferrochromium plant in 
Bamnipal, Orissa. The plant had one 35- 
megavolt-ampere furnace with about 50,000 
tons per year of production capacity. 

Indian Chrome Ltd., a subsidiary 
of Indian Metals and Ferro Alloys Ltd., 
contracted for the construction of a coal- 
fired powerplant to serve its presently op- 
erating ferrochromium plant at Therubali 
and its plant under construction at Choud- 
har 


The Minister for Steel and Mines re- 
ported India's detailed mineral land map- 
ping to be over one-half completed. Chro- 
mite mineral reserves were set at 148 mil- 
lion tons. The Geological Survey of India 
reported chromite resources of Orissa to be 
144 million tons. 
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Japan.—Japan announced the decision to 
reduce its import duty on chromium ferroal- 
loys. The reduced duties were to become 
effective in 1986. The duty on ferrochro- 
mium was to be reduced from 8% ad va- 
lorem to 7.2% ad valorem. The duty on 
ferrochromium-silicon was to be reduced 
from 3.7% ad valorem to 3% ad valorem. 

Japan offered its ferrochromium industry 
financial support in exchange for the reduc- 
tion of ferrochromium production capacity. 
The offer was made under Japan's industri- 
al restructuring law. The ferrochromium 
industry was to reduce its capacity by about 
1096 of its 632,000 tons of installed capacity, 
to be achieved by March 31, 1987. Financial 
support was to be made through personal- 
property-tax-payment exemption. 

Japan added 7,910 tons of high-carbon 
ferrochromium to its stockpile, of which 
8,296 tons was added to the national stock- 
pile, 3,296 tons to the joint Government- 
private stockpile, and 1,318 tons to the 
private stockpile. The material added repre- 
sented about 4.8 days worth of consumption 
by the Japanese industry, making Japan's 
Stockpile equivalent to about 16.8 days of 
consumption. Japan planned to add a 4.8- 
day supply in the 1985 fiscal year (April 
1985 to March 1986). 

Korea, Republic of.—The Republic of 
Korea announced its decision to stockpile 
1,300 tons of ferrochromium by the end of 
1985. 

Oman.—Oman Mining Co. (OMC) report- 
ed confirmation of reserves of 2 million tons 
of chromite. OMC had a chromite pro- 
duction capacity of about 20,000 tons per 
year and produced about 7,000 tons in 1984. 
OMC considered the construction of a 
crusher and smelter to process its ore into 
ferrochromium. A decision to construct a 
plant would be based primarily on adequacy 
of chromite ore reserves and availability of 
investment capital. 

Pakistan.—The Geological Survey of Pak- 
istan was conducting exploratory studies of 
chromite deposits in the Lasbele District 
and in Malakand. The Pakistan Develop- 
ment Corp. and Al-Ghurair Enterprises, of 
United Arab Emirates, agreed to jointly 
develop a chrome-magnesite refractory 
brick factory. 

South Africa, Republic of.—Union Car- 
bide Corp. negotiated the sale of its inter- 
est in Tubatse Ferrochrome (Pty. Ltd., 
Jagdlust Chrome Co. (Pty.) Ltd., Chrometco 
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Minerals Pty. Ltd., and Chrome Corp. 
(South Africa) Pty. Ltd. to General Mining 
Union Corp. Ltd. (Gencor). The sale was to 
take place in January 1986. Gencor owns 
South African Manganese Amcor Ltd. (Sa- 
mancor). 

Samancor started construction of a new 
refining facility, called IC8, at its Ferro 
metals (Pty.) Ltd. plant, at Witbank. IC3 
was scheduled for completion in 1986. Upon 
completion, IC3 was to produce medium- 
and low-carbon ferrochromium (2% to 6% 
carbon) from high-carbon ferrochromium 
(6% to 8%). The high-carbon ferrochro- 
mium was to be fed as hot metal. IC3 was to 
have a refining capacity of about 50,000 
tons per year. Samancor planned construc- 
tion of a ferrochromium plant at its Ruig- 
hoek Mine. Plant construction was to start 
in 1986. Samancor erected a beneficiation 
plant at its Mooinooi Mine at a cost of about 
$75,000. The plant was designed to produce 
chemical- and metallurgical-grade concen- 
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trates from a stockpile of fines. Until 1985, 
Mooinooi produced only lump ore for sale, 
resulting in a 340,000-ton stockpile of fines. 
Samancor was to install a new ferrochro- 
mium production process at its Ferrometals 
Ltd. plant at Witbank. The new process 
involves kiln reduction of chromite with 
coal, followed by submerged-arc furnace 
reduction to complete the smelting process. 
Construction was to start in 1986, and the 
new process was to be operational in 1987 at 
an annual production capacity of about 
60,000 tons per year. This process was to 
replace about 45,000 tons per year of con- 
ventional submerged-arc production capaci- 


ty. 

Middleburg Steel & Alloys Holdings (Pty.) 
Ltd. (MSA) continued development of its 
direct current transferred-arc plasma fur- 
nace at its Krugersdorp plant. MSA was 
also studying the feasibility of using a kiln 
roasting prereduction process. 


Table 16.—Chromite: World production, by country! 


(Thousand short tons, gross weight) 
Country? 1981 1982 1983 1984P 1985° 

Albania* 22 " 78 744 "155 "794 909 
Brazil“ — E à 261 304 171 282 303 
so 0 4X LUPO IP vox i E 23 30 37 41 44 
nt NEE LAT ORTA Laos 11 3 ere = AM 
Finland* wt * à 454 380 271 492 500 
Greece? Rope 127 132 30 68 68 
India 369 374 465 466 *610 
Iran 35 45 55 55 55 
JENA DNA CS eiu, m ema 12 12 9 8 €13 
D 110 49 50 66 66 
New Caledonia 5 55 101 93 *87 
.... 2 14 7 3 4 
Philippines : 484 355 294 286 *284 
South Africa, Republic oft 7 3,164 2,385 2,460 3,314 €3,682 
Sudan 28 21 €22 "E 22 
2 1442 499 381 587 496 
n 3.200 3.240 3,240 73,240 3,240 
Vietnam* 17 18 18 20 17 
Yugoslavia ________ (*) = zs ig 
Zimbabwe 591 476 463 525 551 

Total MM ee 710,018 9,026 8,829 10,312 10,961 

Estimated. Preliminary. ‘Revised. 

Table includes data available through July 1, 1986. 

Dia addition to the countries listed, Bulgaria, China, and North Korea ma also produce chromite, pet output ia woe 
reported quantitatively and available general information is inadequate for formulation of reliable estimates of output 
levels. Figures for all countries t marketable output unless otherwise noted. 


Total run-of-mine crude ore 
tons: 1981—1,021; 1982.— 196. 
*Production of 


irr irt to data for 
983-517. 13847 and 1985—800 (estimated). 


represen 
7 ore dold directly for ase and (Z) concentrate output, beth ie reported in in Brazilian sources. 


other countries) was as follows, in thousand short 


marketable product (direct-shipping lump ore plus concentrates and foundry sand). 
*Exports of direct-shipping ore plus production of concentrates. 


TExcludes production by Bophuthatswana, which was as follows, in thousand short tons: 1982—295 and 1988—302. 
*Estimates for 1981 and 1965 are based in part on crude output reported in Soviet sources as follows, in thousand short 


tons: 1981—3,600 and 1985— 3,700 
Bee than 1/2 unit. 
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Sweden.—Construction of SwedeChrome 
AB’s high-carbon ferrochromium plant 
started in Malmö. SwedeChrome was to use 
SKF Steel Engineering AB’s plasma process 
technology. The plant was to have a total 
annual ferrochromium production capacity 
of 85,000 to 90,000 tons per year divided 
equally between two furnaces. The plant 
was also to supply excess thermal energy to 
Malmo’s local district heating system. 
SKF's plasma process was to use plasma 
heaters in a shaft furnace. Advantages of 
this plasma process include higher chromi- 
um recovery, increased capability of excess 
process energy recovery, use of less costly 
fine-sized raw materials (agglomeration not 
required), and lack of constraints on fur- 
nace burden composition because of electri- 
cal resistivity requirements. Site prepara- 
tion was completed and plant construction 
begun. Equipment installation and produc- 
tion startup was planned for 1986. 

Turkey.—Etibank continued  develop- 
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ment of a chromite ore concentrator and 
ferrochromium production plant. With com- 
pletion targeted for 1987, the concentrator 
was to have a production capacity of about 
250,000 tons per year of concentrate and the 
ferrochromium plant was to increase capac- 
ity from 50,000 to 150,000 tons per year of 
high-carbon ferrochromium. The concentra- 
tor was at Kefdag, and the ferrochromium 
plant at Elazig. 

Bomar Resources Inc., United States, 
entered a joint venture with Etibank and 
Egemetal Madencilik AS to study chromite 
resources in the Orhaneli region near Bursa 
in northwest Turkey. 

Bilfer Madencilik AS reactivated 13 chro- 
mite mines in 6 Provinces because of im- 
proved market conditions. 

United Kingdom.—The United Kingdom 
announced its decision to dispose of its 
strategic stockpile. March 1986 was the date 
by which 25% of the stockpile was to have 
been sold. 


WORLD RESERVES 


Geological aspects of the Bushveld Com- 
plex, the Republic of South Africa, the 
largest resource of chromium, were review- 
ed. The geologic implications derived from 
studies of chromite resources in the Pot- 
gietersrus, Nietverdiend, and Zwartkop 
Mine areas were discussed. Geologic aspects 
of the UG-2 chromitite layer were also 
discussed.* 

The Manitoba Department of Energy and 
Mines, Canada, reevaluated the Bird River 


sill chromite resources. The Page, Chrome, 
Bird Lake, and Euclid properties were cal- 
culated to have a geologic reserve (meas- 
ured plus indicated) of about 2.7 million 
tons of contained Cr;O,.' 

Australia, previously a chromite produc- 
er, evaluated its chromite resources. Over 
90 deposits were analyzed. Demonstrated 
paramarginal resources were set at about 
2.3 million tons and inferred subeconomic 
resources at about 20 million tons.” 


TECHNOLOGY 


The Bureau of Mines conducted resource 
identification and beneficiation studies as 
part of its domestic mineral assessment 
program. Chromite deposits along the Bor- 
der Ranges Fault, southern Alaska, were 
investigated and described, and the miner- 
als were characterized and beneficiated.'* 
The 94 subeconomic deposits were found to 
range in size from less than 1,000 to greater 
than 1,000,000 tons of contained chromic 
oxide. Samples from the deposits were pe- 
ridotites and chromites that consisted pri- 
marily of chromite, olivine, and serpentine. 
Beneficiation by grinding, sizing, and gravi- 
ty concentration yielded chromium recov- 
eries ranging from 37% to 95%. The Bureau 
studied the bulk mineralogy and geoche- 
mistry of Alaskan chromite spinels. Sys- 
tematic differences in chemical content 


were found between samples from the 
Chugach mountain range and the Alaskan 
interior. Considerable mineralogical var- 
iability was found between and within these 
groups. Alaskan chromium deposits studied 
by the Bureau from 1979 to 1984 were found 
to contain 3 to 4 million tons of chromic 
oxide in 132 podiform deposits and 1 placer 
deposit.'* 

The Bureau researched chromite mineral 
extraction to increase extraction efficiency 
and economy, and devised a process to 
recover chromium as chemicals from do- 
mestic chromites that contain silicon and 
aluminum impurity levels that are too high 
to permit processing by present industrial 
processes.“ The Bureau process consists of 
reacting chromite with molten sodium hy- 
droxide under oxidizing conditions to form 
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sodium chromate. Domestic chromites from 
Alaska, California, and Oregon were suc- 
cessfully treated by this procedure. The 
Bureau devised a column flotation tech- 
nique and compared it with conventional 
flotation of Montana chromite.'* Column 
flotation produced higher concentrate 
grades and recoveries than conventional 
chromite flotation for both deslimed and 
undeslimed chromite ore. The Bureau 
upgraded high-iron domestic chromite con- 
centrates by a carbonyl process.” The high- 
iron chromites were reduced to convert iron 
oxides to the metal, then were treated with 
carbon monoxide to convert part of the iron 
to iron pentacarbonyl The iron penta- 
carbonyl was then extracted from the con- 
centrate. Chromic oxide content was im- 
proved by as much as 10% and chromium- 
to-iron ratio increased by up to threefold 
compared with that of the starting concen- 
trates. The Bureau researched environmen- 
tal issues associated with chromite extrac- 
tion from the Stillwater Complex, MT. 
Specific land, water, air, and other environ- 
mental factors were identified and analyzed 
as to how they would relate to mining of 
chromite deposits. Shrinkage stoping min- 
ing methods and gravity concentration mill- 
ing were assumed as part of the environ- 
mental issues study. With the exception of 
technology for ferrochromium smelter 
sludge reclamation, all technology neces- 
sary for development was found to be avail- 
able and sound. 

The Bureau researched the potential for 
reducing the chromium content of stainless 
and alloy steels to improve chromium use 
technology. Chromium-nickel stainless 
steels with molybdenum, copper, and vana- 
dium for corrosion-resistant applications, 
and with silicon and aluminum for heat- 
resistant applications, were studied. For 
several reduced chromium stainless steels, 
tensile properties were evaluated, corrosion 
rates were measured, welding performance 
was evaluated, stress rupture properties 
were measured, and oxidation tests were 
performed. Additions such as molybdenum, 
silicon, and aluminum were found to be 
potential substitutes for about one-half the 
chromium in stainless steels for many ap- 
plications. The Bureau performed oxidation 
studies, obtained mechanical properties, de- 
termined stress rupture strength data, and 
investigated melting, casting, and work- 
ing characteristics for iron-manganese- 
aluminum alloys as a potential substitute 
for stainless steels.” The alloys studied did 
not exhibit good oxidation resistance during 
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mild thermal cycling and were problematic 
to melt, cast, and cut. The alloys were easily 
hot worked and had good mechanical prop- 
erties unless aged. Iron-chromium-nickel- 
aluminum alloys were studied as potential 
substitutes for stainless steels used in 
sulfur-containing environments." With mi- 
nor additions of titanium, manganese, and 
silicon to improve workability, sulfidation 
resistance was found to exceed that of 
stainless steel types 304 and 316; oxidation 
resistance was equivalent to that of type 
810; and mechanical properties approached 
those of type 310. The Bureau investigated a 
cast-on hard-surfacing technique that im- 
proves wear resistance.” The cast-on sur- 
face was found to be a potential substitute 
for weld-rod hard facing. 

The Bureau studied in-plant recycling of 
speciality steelmaking particulate wastes.™ 
Particulate waste such as flue dust, mill 
scale, and grinding swarf was pelletized and 
reduced in an electric-arc furnace. Consist- 
ent recoveries of about 90% of the chromi- 
um were achieved. The Bureau cosponsored 
a workshop on conservation and substitu- 
tion technology for chromium in bearings.” 
Strategies such as substitution of alternate 
materials, including metals and nonmetals, 
and use of extended life bearings, were 
identified. 

The U.S. Department of Defense devel- 
oped a microprocessor-controlled chromium 
plating process and studied the effect of 
plating conditions on the structure of 
electrodeposited chromium.™ 

The National Materials Advisory Board 
studied the potential industrial application 
of plasma processing technology.™ The re- 
port identified plasma technology as poten- 
tially applicable to ferrochromium produc- 
tion and to the recovery of chromium from 
dusts. Current industrial applications of 
plasma technology to ferrochromium pro- 
duction, low-grade chromium ore process- 
ing, and chromium recovery from steel mill 
baghouse dust were identified. 

The National Institute for Metallurgy, 
Republic of South Africa, developed an 
accurate and precise method for the de- 
termination of iron and chromium in 
chromite.” 

The economic recovery of chromite from 
the UG-2 seam of the Bushveld Complex 
was studied by the Council for Mineral 
Technology (Mintek), Republic of South 
Africa.** A beneficiation process to produce 
chromite concentrate was developed and 
tested at pilot plant and production scales. 
A low-grade chromite concentrate was 
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found to have been economically recover- 
able from UG-2 seam material currently 
mined by Western Platinum Ltd. for its 
platinum content. 

Mintek also studied chromite reduction 
and energy transfer in a submerged-arc 
furnace. Chromite combined with graphite 
and reduced in an argon atmosphere at 
1.300“ C was found to react sequentially. 
First ferric iron in chromite ore was re- 
duced to the ferrous state, followed by 
reduction of ferrous to metallic iron. Chro- 
mium was then reduced.” Heat flows were 
measured in the submerged-arc furnace and 
a time-dependent, two-dimensional mathe- 
matical model developed.” 

Ferrochromium production is energy in- 
tensive, and new smelting techniques are 
being developed by industry to lower energy 
costs. Traditional smelting methods use 
electric submerged-arc furnaces. As alterna- 
tives to the traditional smelting practice, 
kiln roast prereduction and plasma furnace 
smelting are being studied. The Ministry of 
International Trade and Industry, Japan, 
began construction of a pilot plant at Nip- 
pon Steel Corp.’s Kimitsu Works to study 
ferrochromium production with stainless 
steel production.” Samancor was to re- 
structure its Ferrometals plant to produce 
ferrochromium from chromite prereduced 
with coal in a kiln roasting process. Mintek, 
Republic of South Africa, studied the reduc- 
tion of chromite in a transferred-arc plasma 
furnace.** The transferred-arc plasma tech- 
nology was found to be a potential alterna- 
tive to traditional submerged-arc technolo- 
gy. The plasma technology was found capa- 
ble of processing low-grade fine chromite 
ore that is precluded from direct electric 
submerged-arc processing. The plasma fur- 
nace was also studied for the purpose of 
recycling ferrochromium metal fines.” 
Mintek found that these fines could be 
remelted and consolidated in a plasma fur- 
nace with metal recoveries of over 90%. 

Finland reported the production of ferro- 
chromium from low-grade ores.” The proc- 
ess of producing charge-grade ferrochro- 
mium by smelting pelletized and hardened 
concentrates from chromium ore in an 
enclosed electric furnace was described. 

Commercial chromium-recovery mem- 
branes are being developed. A coupled- 
transport liquid-membrane chromium ex- 
traction process that was demonstrated ef- 
fective on plating solution waste was to 
have been applied to a commercial process. 
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Clays 


By Sarkis G. Ampian! 


Total quantity of clays sold or used by 
domestic producers increased 3% in ton- 
nage but decreased slightly in value. Clays 
in one or more of six classification catego- 
ries, ball clay, bentonite, common clay and 
shale, fire clay, fuller’s earth, or kaolin, 
were produced in 44 States and Puerto Rico 
during 1985. Clay production, as in 1984, 
was not reported in Alaska, Delaware, the 
District of Columbia, Hawaii, Rhode Island, 
Vermont, or Wisconsin. The leading seven 
States, in descending order, were Georgia, 
Texas, North Carolina, Wyoming, Califor- 
nia, Ohio, and Alabama. Unpredictable 
shortages of natural gas and the cost of 
fuels were major concerns to clay producers 
and manufacturers until yearend, when an 
oil glut caused by world overproduction 
started softening energy prices. Industry- 
wide efforts to economize by reducing capi- 
tal and/or energy costs, although persistent 
during the year, intensified at yearend. 
Environmental restrictions and associated 
costa, combined with persistent high capital 
costa, continued to hinder production. 

Production of common clay and shale 
increased because of an upturn in construc- 
tion, due in part to the softening of interest 
rates and improving business climate, that 


increased demand for clay building mate- 
rials—brick, portland cement, floor and 
wall tile, and vitrified sewer pipe. An excep- 
tion to the Nation's buoyant construction 
rates were those noted in the oil producing 
States of Louisiana, Oklahoma, and Texas, 
because declining oil revenues depressed 
residential, business, and governmental 
construction activity. Increases in produc- 
tion of the specialty clays, ball clay and 
fuller's earth, were caused largely by an 
improvement in the overall economy. Pro- 
duction of bentonite, fire clay, and kaolin 
declined because their major consumers, 
the steel, oil and gas exploration, and found- 
ry industries, were in a period of readjust- 
ment with lower production levels. 

Kaolin accounted for 17% of the clay 
production but 5996 of clay value. Kaolin 
production of 7.8 million short tons decreas- 
ed from that of 1984. 

Domestic Data Coverage.—Domestic pro- 
duction data for clays are developed by the 
Bureau of Mines from one voluntary survey 
of U.S. operations. Of the 1,084 operations 
covered by the survey, 1,004 responded, 
representing 93% of the total clay and shale 
production sold or used shown in table 1. 


Table 1.—Salient U.S. clays and clay products statistics! 
(Thousand short tons and thousand dollars) 


1981 1982 1983 1984 1985 
Domestic clays sold or used by producers: 
Quantity -~ -- . ad 44,379 85,345 40,858 43,702 44,974 
jJ DEL $988,845 $825,064 $931,092 $1,082,127 $1,011,377 
Exports ` 
Quanuty EEEN E A ALS EE 8,151 2,619 2,484 2,699 2,780 
AUS. o EE $292,914 $267,700 $254,287 $295,733 $309,871 
Imports for consumption: 
Ul ume d eia 83 2 41 
AUS. o uc es Le ,895 1 $3,488 $4,868 $5,981 
Clay refractories shipments: value 949 9,655 $595,299 $782,308 $629,738 
Clay construction products shipments: Value _ _ _ _ 1,824 923,459 $1,160,548 $1,342,196 — $1,427,851 


TRevised. 
‘Excludes Puerto Rico. 


250 


260 MINERALS YEARBOOK, 1985 


Table 2.—Clays sold or used by producers in the United States in 1985, by State’ 
(Short tons unless otherwise specified) 


Common 
Ball Ben- Fire Fuller’s Total 
te clay tonite =~ SAY cay ` earth Kaolin — Total value 
Alabama each W 1,630,739 . 130,000 Ge 111,886 71,872,625 ?$13,139,143 
3 Së 82,824 153,608 Ms Seef e 186,432 1,503,279 
Arkansas iz 911,335 a ks 140,271 1,051,606 10,769,180 
California E 112,890 2, wW i 28,138 ,284 326,600,429 
Colorado ~a 282,411 20,384 — Tal 302,875 1,742,690 
oS {space TN 3 106,033 y — 106,033 873 
Nerds A m 248 _. 887,076 36,323 672,079 83,074,154 
8 Së — 1,782,742 ia Y 6,345,205 670,980 
CS eee s w DA: Ww =A 1,505 31,505 
Illinois |... ER E 265,467 ES Ww = <= *876,123 
Se ee E Ss 139,711 We KS -- 739,711 2,776,446 
eS e. Per 503 2 pum Pë? 503 2,449,931 
id i tlds ES 24,000 854,177 Vë sA A 878,177 5,325,709 
Kentucky Ww abi 661,176 Ww r= à 774,780 6, 
ELI ia — ad 333,619 * Wé Bei 333,619 7,016,609 
Maine St 49 BL xad xS 49,500 
Maryland ..... Ww dim 336,085 git = CR 5336,085 51,646,991 
Massachusetta.. _ _ — N. 264,538 Aem 22 DX 264,538 1 090 
Michigan * _. 1,477,309 us aly Ape 1,477,309 5,513,822 
Minnesota ow E 
Mississippi Ww 197,531 850,706 Si Ww 3 1,558,300 34,864,168 
Missouri E. z 1,204,854 283,697 W 56,701 1,545,252 410,271,129 
Montana aie 254,398 24,190 503 E — 279,091 649 
Nebraska d 244 ris Se Ga 718,214 
Nevada *I. 79,861 — — wW W * ©79 861 4 63 775,947 
New Hampshire _ * E? Ww id Pa oo Ww 
New Jersey .... — Ka 120,000 10,166 Sei Säi 130,166 2,050,079 
New Mexico att Zn 57,048 2,767 2 i 59,815 160,714 
New Vork * ue 699,764 PN Se ? 699,764 3,1 
North Carolina * — 2,611,455 sod E 16,864 2,688,319 10,416,986 
North Dakota ec p wW rok ed Ww Ww 
G Ft -. 1,873,000 241,045 SW? Sc 2,114,082 10,580,605 
Oklahoma ts r^ 996,522 CR PS — 996.522 2,337,657 
Oregon A- EN. 188,026 Wë — 188,026 
Pennsylvania TE _. 1,061,607 80,610 24 W 1.142.217 55.292.781 
2 SEN SÉ 118,192 LS oak 118,192 
South Carolina ap. Sun! 1 ` Al ER, Ww 866,812 1,896,990 “37,695,224 
South Dakota Al wW 117,065 i KÉ z2 117,065 309,052 
Tennessee 664, 579,069 W — 1,248,624 *25,912,698 
poo 0/88 Dae costes vs ia 30,201 46,762 3,919,159 21,196 wW W 4,106,646 28,059,057 
Wek it. oat Ze ^i 14,006 17,7 * — 1 
4 e "^. 86,295 basis 28,000 = 814,295 
Washington C “= 242,914 den de Goes 242,914 1,402,107 
West Virginia DA wi 233,269 98,064 = Le 331,333 8,342,451 
Wyoming =- 2,116,085 185,917 Bag Kä 1.2 2,302,002 64,146,205 
U ibuted . _ _ 206,923 316,843 95,421 85,482 1,051,172 129,617 71,172,463 752,647,917 
Total 901,679 38,196,280 30,168,325 974,414 2,069,281 7,798,322 45,002,301 1.011. 600, 162 


W Withheld to avoid disclosing company proprietary data; included with “Total” and / or Undistributod. 
‘Includes Puerto Rico. 


"Incomplete total; difference included with individual State totals. 
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Table 3.—Number of mines' from which sold or used clays in the United States 
in 1 by State 

Common 
State Bell deg Bentonite SY Fireclay Fullers Kaolin Total 

shale 

Alba m" 26 5 = 8 40 
Arisona ....---------- sites 6 eM M LM 11 
Arkane vee = 18 e B 5 23 
California... --.-- m 68 1 E 5 64 
Colorado eae 23 8 Per mus $817 
Connecticut m EM 2 ao Ge Se 2 
Georgia ________________- zm PS 18 ae 8 e ul 
We Seege E d 1 LE 5 1 8 
mine Se, ES 9 Paice 2 x 11 
Indiema ` `... e Se Sei 17 Sie os cm 17 
„ aa er amr m mim Es wis s 11 < a Be 11 
EE -3 11 -3 = se 15 
Louisiana m 1 8 D Se ES 9 
WWW -i ge 7 = se gi à 
Montéhtentin - ------------ ES ER 3 x E. p 3 
Minnesota _______________ ee E 1 Se We "d 2 
us 003 ts | ou g 
aa es otal mas MR za ee 14 86 2 6 57 
Meantan aaa x 12 5 1 a PT 18 
Nebraska ass Soe > 5 uc pu ae 5 
Nevada _________________ Sa SE m Séi 2 ` 
Now Jersey C MN Se 2 1 ps Ss 8 
New Menlo Se Gas 4 2 SS BS 6 
New York... ~~~. >d ES 11 "A n Sieg 11 
North Carolina `... ns ae 50 men d: 52 
North Dako aaa PS = 4 — ER) TS 4 
Obio ..---------------- — Gei 58 16 E ek 09 
JFF = = ` Sp ue 16 
r a 8 87 19 2 $ 68 
South Cesreoling Ere m 26 NS 1 22 49 
South Dakota `... E 1 8 zt e 2 
Tennessee... LL Lll l-. 23 EM 9 d 1 E 88 
Tul co ee IRL 1 60 2 2 1 88 
(L.T EE MS 14 1 1 DS 20 
F nA od 15 en 1 E 16 
— e uk e Mute so ee E Z 9 2 MER — 11 
West Vina ee za 8 1 SENG SE A 
Wyoming e 25 107 2 " E za 109 
TT $2 181 634 96 24 141 1,084 


DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, BY TYPE OF CLAY 


KAOUN 


Domestic production of kaolin decreased 
slightly to 7.8 million tons. The average unit 


linite. It has a specific gravity of 2.6 and a 
fusion point of 1,785* C. The other kaolin- 


passed. 

Overcapacity of water-washed and calcin- 
ed kaolin grades continued to worry the 
major producers who are heavily tied to the 
presently depressed paper industry. Compe- 
tition for Asian and European markets, 
traditionally supplied by domestic water- 
washed kaolin producers, intensified be- 
cause of the strong U.S. dollar and foreign 
overcapacity. Finished paper-stock imports 
further compounded the problem. Kaolin 
sales for refractories appeared to have lev- 
eled off. The refractory industry adjusted to 
new lower levels of production brought 
about by changes in technology and im- 
ports. Production of the three paper-grade 
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kaolins was mixed compared with that of 
1984. Low-temperature calcined kaolin pro- 
duction increased 3%, while that of water- 
washed and delaminated decreased 5% and 
4%, respectively. 

Several major acquisitions started at 
yearend 1984 were finalized during the 
year. The Engelhard Corp. Specialty Chemi- 
cals Div. purchased Freeport Kaolin Co. 
from Freeport-McMoRan Inc. for $100 mil- 
lion. Rationalization of the present Engel- 
hard and Freeport operations was proceed- 
ing. A letter of intent for The Morie Co. Inc., 
Energy and Minerals Inc., to buy Ottawa 
Silica Co. was terminated by the parent 
company, South Jersey Industries Inc., at 
yearend. Ottawa Silica produces filler-grade 
kaolin from sand kaolin deposits near 
Kosse, TX. Other diversified mineral-based 
companies were reportedly interested in 
acquiring Ottawa Silica. In another compe- 
ny move, Standard Oil Co. (Indiana) sold the 
shares of its minerals subsidiary, Cyprus 
Minerals Co., to its shareholders. The new 
operating compeny, Cyprus Minerals, in- 
cludes Cyprus Industrial Minerals with ka- 
olin and ball clay operations in Georgia, 
South Carolina, and Tennessee. 

All Georgia and South Carolina kaolin 
filler-extender-pigment producers, water- 
washed and air-floated, continued to mod- 
ernize, instead of expanding, to reduce op- 
erating costs. Emphasis continued to be 
placed on energy related costs. In this 
regard, the first superconducting magnet 
for use in removing iron-bearing impurities 
from wet kaolin processing streams was 
installed by the J. M. Huber Corp. in its 
Wrens, GA, complex. The new magnetic 
separator reportedly requires 80% less elec- 
tric power than the currently used vari- 
eties. Georgia Kaolin Co. was planning to 
convert the spray-dryers in its American 
Industrial Clay Co. plant in Deepstep, GA, 
from natural gas to wood gas produced from 
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& wood gasification facility. The facility 
included provisions for a cogenerating inter- 
nal combustion engine, which was to pro- 
vide exhaust heat to dry the wood chips 
prior to gasification. J. M. Huber, at its 
Langley, SC, air-float kaolin plant, began 
fueling its dryers with methane gas, instead 
of natural gas, drawn from decomposed 
waste in a local landfill. Preliminary esti- 
mates indicated savings of approximately 
$70,000 yearly from the conversion. Evans 
Clay Co., McIntyre, GA, planned to install 
additional bulk kaolin storage capacity and 
silo-to-railcar loading equipment. The emis- 
sions were to be controlled by specially 
installed baghouse collectors at each trans- 
fer point. Engelhard started operating its 
newly expanded proprietary oil-refining 
catalyst plant at its Attapulgus, GA, site, 
which also produces attapulgite-type ful- 
ler’s earth products. The catalyst is pre- 
pared from kaolin-type clays. 

C-E Minerals, a division of Combustion- 
Engineering Inc., completed a large expan- 
sion at its Andersonville, GA, complex. The 
complex is capable of supplying 600,000 tons 
per year of various alumina-silica kaolin 
calcines for refractory and foundry use. The 
expansion featured a virtual 10096 conver- 
sion to coal firing from natural gas, and a 
new integrated instrumental quality con- 
trol procedure designed to automatically 
monitor material along the entire flowsheet 
from mining to finished products. The coal 
was furnished from C-E’s own metallur- 
gical-grade coal mines in West Virginia. 

Properties in Minnesota and Vermont 
were proposed for kaolin mining and proc- 
essing ventures. Northwestern Portland Ce- 
ment Co. and Vermont Minerals and Pig- 
ments Co. announced plans for operating in 
the Mocassin Springs development east of 
Redwood Falls, MN, and on Bald Mountain, 
in northwest Bennington, VT, respectively. 


Table 4.—Kaolin sold or used by producers in the United States, by State 
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1984 1985 

Short tons Value Short tons Value 
238,520 $18,631,800 111,886 $1,959,747 
85,898 5,681 092 140,271 8,877,441 
59,705 1535 393 28,138 160,152 
33,004 2,438,372 36,323 2,843.000 
6,508,319 562,696,774 6,345,205 584.980.001 
1,4 W 1.505 Ww 
68,137 1,946,674 56,701 1,701,030 
46,787 1,075,548 16,864 1,943,619 
716,561 $3,404,087 866.812 5,809,338 
134,268 6,674,390 129,617 7,240,830 
7,952,669 634,387,130 7,798,822 695,615,768 


W Withheld to avoid disclosing company proprietary data; included with "Other." 


Includes Minnesota, Nevada, Pennsyi 


vania, Texas, and data indicated by symbol W 
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Exports of kaolin, as reported by the U.S. 
Department of Commerce, decreased only 
8% to 1.88 million tons valued at $174 
million, despite a strong U.S. dollar and 
foreign competition. Kaolin, including cal- 
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nearly 88% to $102.98 per ton. 

Kaolin prices quoted in the trade journals 
remained unchanged. Chemical Marketing 
Reporter, December 31, 1985, quoted prices 
as follows: 


cined material, was exported to 70 coun- 


tries, 2 more than in 1984. The major (n Gena oats $255.00 
recipients were Japan, 32%; Canada, 20%; cor 

the Netherlands, 11%; Italy, 8%; and Mezi- e pe tob Georgia, por ton: ` 0 
co, 7%. Kaolin producers reported end uses No. 2 coating ------------- 75.00 
for their exports as follows: paper coating, Na 4 10.00 
61%; refractories, 12%; paper filling, 11%; Filler, general purpose, same basis 

paint, 9%; rubber, 3%; and other, includ- breed ped enini i prier E 58.00 
ing ceramics and plastics, the remainder. cined, pain 1-micrometer 

Kaolin imports decreased 12% to 9,387 SYerege same SE 182.00 

tons valued at $996,000. The unit price of P 60.00 
kaolin imported from the United Kingdom, N „ , colloi- 

the largest importing country, increased bags, 5,000-pound lots, per pon. 20 

Table 5.— Kaolin sold or used by producers in the United States, by kind 
1984 1985 
ien: Short tons Value Short tons Value 
Anil <i 0000 1,158,291 $62,401,704 1,215,188  $66,186,128 
EEN 1,204,117 157,909,408 1. 108,088 116,319,429 
Unprocessed_____________-...-_--_-------- 891 645 16734107 914263 14419 612 
Water-washed._____________________-.--_-- 050 — 324812440 3,759,725 664, 
Tol EE 7,962,669 684,887,180 — 7,798,222 — 595,615,758 


‘Includes both low-temperature filler and high-temperature refractory grades. 


Table 6.—Calcined kaolin sold or used by producers in the United States, by State 


High-temperature Low-temperature 
Short tons Value Short tons Value 
1984 
Georgia and Alabama A 618,520 976, 800 1510, 872  !$107,065,496 
JJ) ĩðͤ dd Sn ea 358,255 35.020,187 356,970 34,846,920 
„ eee eee ee 696,775 45,996,967 567,342 111,912,416 
1985 
Georgia and Alabama A cc. 482,496 10,565,958 1582,215 191,979,229 
JJ su AAA 8 990,537 28,691,212 352,791 35,088,090 
Toti] o Aon lec i ³ð K 8 523,082 19,251,170 585,066 91,062,259 
!Excludes Alabama. 
Includes Arkansas, California (1984), and Idaho. 


*Includes Pennsylvania, South Carolina, and Texas. 


Table 7.—Georgia kaolin sold or used by producers, by kind 


1984 1985 
Short tons Value Short tons Value 
Airfloa EE 691,869 $27,989,088 789,568 $31,824,875 
Lë TT LEE 850,872 129,410,496 945,106 100,875,989 
Delaminated ________.___ . c22--2- 764,566 12,529,416 eee 12,075,882 
Unprocesed |. --___ LLL cL LL cL Lesson 895,094 9,799,488 96,812 5,594,126 
Water-washed______________________ _ occ 8,906,418 822,968,236 Nn $24,609,679 
3000 P 6,508,819 562,696,774 6,845,205 584,980,001 


Includes both low-temperature filler and high-temperature refractory grades. 
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Table 9.—South Carolina kaolin sold or used by producers, by kind 


1984 1985 
Short tons Value Short tons Value 
Arles —— .: 590,208 $82,188,917 504,880 331.670.618 
Unprocessed AA ³˙ Ahl. Ad ee et ee eee eee 246,859 1.215, 170 862,482 8,638,725 
1J177ö·Ü¹! A ⅛7»çü. k 2 776,587 88,404, 087 866,812 85,809,888 
‘Includes water-washed. 


(Short tons) 
Kind and use 1984 1985 
Air-float:! 
— ĩ˙ dd ³˙1w⁴ůn¼. d y d 16.751 14,628 
Animal feed and pet waste absorbent e 
Fede desde EE 19300 Su 
EEN 82,149 67,095 
Paper ouis end Ster f JJ ———- occ EE EE 1,488 134 
FT rr ĩðͤ c ĩ I ĩ eure Ng 12,851 18,051 
TPU ͥ es ee . ee EE 204, 627 188,945 
Refractor ͥT—T—T....ͤͤ·o· mm -r . weaken 9,818 90,062 
Other UN <a ee eee E 108,514 85,496 
|o... ah a lee eae oe 62,658 50,227 
————— dee 590.208 504,830 
Unprocessed: Face brick and other oe... - -~ - -- --- --- ---- ------- 246,359 362,482 
Grand total udo naaa ee ³·o·¹1 AAA eee EE mE 776,567 866,812 
‘Includes water-washed. 
331 and roofing granules. 
. grogs; refractory mortar and cement; high-alumina refractories; and firebrick, blocks 
“Includes animal oil, catalysts (oil-refining); chemical manufacturing, ink, medical cover pipe end unknows dasa 
"Includes ceramics, adhesives, paper filling, pesticides and related products, and rubber. 
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Table 11.—Kaolin sold or used by producers in the United States, by use —Continued 
(Short tons) . 
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Figure 1.—Kaolin sold or used by domestic producers for specified uses. 


BALL CLAY 

Reported production of domestic ball clay 
increased about 4% to nearly 902,000 tons 
valued at about $85 million. Tennessee 
provided 74% of the Nation's output, follow- 
ed, in order of production, by Kentucky, 
Mississippi, Texas, and Maryland. Produc- 
tion, as in 1984, either increased or remain- 


and wall tile. Domestic producers also en- 
joyed a robust export market, despite a 
strong U.S. dollar, usually over 20% of total 


Bell clay is defined as a plastic, white- 


firing clay used principally for bonding in 
ceramic ware. The clay is of sedimentary 
origin and consists mainly of the clay min- 
eral kaolinite and sericite mica. 
Industrywide enlargements, moderniza- 
tions, and/or mergers started to occur 
again. H. C. Spinks Clay Co. announced 
plans to open a new ball clay mine in the 
Paris, TN, area and began expansion of its 
facilities to ship water-slurried clays by 
tank cars. Spinks previously only produced 
dry-processed clay. Most of the major ball 
clay producers were currently either pro- 
ducing or planning to produce slurried 
clays. American Olean Tile Co., a subsidiary 
of National Gypsum Co., announced plans 
for a $13 million expansion of its Lansdale, 
PA, manufacturing facilities, to be complet- 
ed by mid-1986. The enlargement was to 
include state-of-the-art ceramic tile manu- 
facturing equipment capable of producing a 
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more versatile product line to meet the ever 
changing consumer demand in sizes and 
shapes of glazed floor tile for residential and 
commercial uses. 

The average unit value for ball clay 
reported by domestic producers increased 
over 7% to $38.49. Chemical Marketing 
Reporter, December 31, 1985, listed ball clay 
prices as follows: 


— a ven em em em ww wee a wee em 


Ball clay exports increased nearly 24% to 
204,000 tons valued at $6.8 million. Unit 
value decreased slightly to $33.21 from 
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$39.87 per ton in 1984. Shipments were 
made to 30 countries, the same as in 1984. 
The major recipients were Mexico, 60%; the 
Federal Republic of Germany, 20%; and 
Canada, 16%. The large Mexican ceramic 
market continued to be partially supplied 
by its domestic clay because of international 
financial difficulties, and its ceramic ex- 
ports, prodominantly to the United States, 
are fabricated largely with U.S. and domes- 
tic clays. 

Ball clay imports, again almost entirely 
from the United Kingdom, decreased 36% 
to 1,269 tons valued at $148,000. The unit 
value of these imports increased 15% to 
$116.63 per ton. 


Table 12.—Ball clay sold or used by producers in the United States, by State 


Air-float Unprocessed Total 
Short tons Value Short tons Value Short tons Value 
1984 
California $2,958 246 $2,958 
Tennessee 419,853 $17,000,841 1125,560 "8,528,445 604,918 20, 524.286 
met EE 2251,090 710,118,879 211,175 458,536 262,265 10,572,415 
Total ook ee 780,448 27,119,720 186,981 8,979,989 867,424 31,099,650 
1985 
Tennesse 1502,01 120, 468,910 162,254 4,186,759 664,555 24,600,669 
G! cece wus 208,684 9,086,635 $8,490 1,010,953 287,124 10,107,588 
Total ENTE ee UN 705,935 29,500,545 195,744 6,207,712 901,679 — 84,708,257 
"Revised. 
‘Includes water-elurried. 


*Includes Kentucky, Maryland, Mississippi, and Texas 


Includes Kentucky, Maryland, Mississippi, and New York. 


Table 13.— Ball clay sold or used by producers in the United States, by use 


(Short tons) 
19847 1985 
Use Air- Unproc- Air- Unproc- 
float! essed Total ` float. eased Total 
Ad beai ves W as W w ae W 
Animal feed |... ð ee ĩͤ W W 8,585 w W 18,948 
Crockery and other earthenware... .._..__-- W Ss W W W W 
Drilling muç lll W -- W W MR W 
FCC e ME Nd MES Ze 
iberg catalysts (oil- inn de 
Fine china and dinnerware _________.._- -_ 85,704 2a 35,704 27,491 EN 21,491 
Firebrick, blocks and shapes e W W W W W W 
Floor and wall tile 92,115 $5,981 128.096 97,586 81,466 129,052 
lazes, glass, enamels __---------------- 2,461 278 2,734 1,606 mae 1,606 
Grogs and calcines, high-alumina, mortar and ce- 
ment, other refractories. - - ------------- 93,752 8207 101,959 91,791 18,837 105,628 
Kiln furniture 1,789 SP 1,789 1,708 SC 1,708 
Paper coating and filling 11,062 ae 11,062 5,532 28 5,532 
Pesticides and related product g W UN W W ae W 
Fot eiue ded eee ee 180,759 17,022 1975781 140,375 63,118 — 203,498 
Rubber o- . ß Eed zu W W W W 
Sanitary warte 92,683 45,379 188,062 114,788 88,309 153,097 
Miscellaneous -~ _.._..--...--.--.----- 119,061 19,649 130.175 130.540 23,479 140.076 
o cre be ee ee le 82,270 8411 85,681 52,218 25,535 77,813 
„„ P Sethe ete 730,443 136,981 867.424 705,935 195,744 901.679 


"Revised. W Withheld to avoid disclosing company proprietary data; included with Total“ and/or "Miscellaneous." 


Includes water-slurried. 


*Incomplete total; difference included in totals for specific uses. 


CLAYS 


FIRE CLAY 


Fire clay sold or used by domestic produc- 
ers decreased 1596 to about 974,000 tons 


clay industry resulted in the divestiture 
of refractory manufacturing operations of 
Kaiser Aluminum & Chemical Corp. and 
Allied-Signal Inc. Kaiser sold most of its 
North American clay and nonclay refracto- 
ry manufacturing and administrative facili- 
ties in California, Indiana, Missouri, Ohio, 
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and Ontario, Canada, to the newly formed 
employee-owned National Refractories and 
Minerals Corp., a company organized by the 
former management of Kaiser Refractories 
and Kelso and Co., an investment banker, 
for an undisclosed sum. The Allied-Signal's 
divestiture included its North American 
Refractories Co. (NARCO), which, subject to 
financing, was purchased by Kirtland Capi- 
tal Corp. and members of NARCO'S man- 
agement. NARCO, headquartered in Cleve- 
land, OH, operates 10 manufacturing facili- 
ties in the United States and Canada. 

An exception to the industry malaise was 
the $8 million expansion by Didier-Taylor 
Refractories Corp. of its Cincinnati, O 
plant. The expansion included a one-third 
increase of the existing area to boost pro- 
duction of continuous steel casting refracto- 
ries, a clay-derived mullitic and/or zirconia- 
based material. 

Exports of fire clay decreased about 896 to 
223,000 tons valued at $17.8 million. The 
unit value of exported clay increased 6% to 
$19.86 indicating that, despite a decrease in 
exports, the trend of shipping a higher 
percentage of higher quality material con- 
tinued. Fire clay was exported to 24 coun- 
tries, a decrease of 7 from that of 1984. 
Japan received 27%, while Belgium-Lux- 
embourg, Canada, and Mexico received 
24%, 13%, and 11%, respectively. No im- 
ports were again reported for fire clay. 

Unit value for fire clay, reported by 
producers, ranged from about $2.00 to 
$30.00 per ton. The average unit value 
remained relatively unchanged at $18.46 

per ton. 


Table 14.—Fire clay: sold or used by producers in the United States, by State 


1984 1985 
mase Short tons Value Short tons Value 

Alabama 44,261 $3,488,615 130,000 $3,217,200 
CT. 2c 6 ---------- 14,796 169, 20,984 166,830 
11212 hh ³ow--- mcm eni Se adm es ie ,681 8,540,260 283,697 5,012,854 
emgeet ee 8 s EE. 508 2,041 
Now Jemy e „„ „„ 12,018 211,000 10,166 250,079 
Now / ˙A 1,818 11,080 2,767 16,547 
o TT 5, 241,045 4,442,140 
Pemmayiwanie ..... „ 60,507 805,196 80,610 772,095 
. CCC 24,251 189,894 196 156,190 
Uteh —-—-------------------------------- 6 000 ur 500 8,800 
— DEE 98,064 2,794,824 98,064 2,794,824 
Fs tag Sas a as 8 51,840 422,871 85,482 1,092,586 

Toni se ie ĩ*2 ee ee ea are 1,144,974 21,140,886 974,414 17,986,786 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


uses only. 


California, idaho, Indiana (1964), Kentucky, and value indicated by symbol W. 
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Bentonite production decreased over 7% 
to about 3.2 million tons valued at almost 
$102 million. A 12% decrease in production 
of swelling bentonite in Wyoming, the larg- 
est producing State, accounted for most of 
this decrease. Domestic production for drill- 
ing mud, foundry sand, and pelletizing iron 
ore all declined. 

Bentonite was again produced in 18 
States. The high-swelling or sodium benton- 
ites continued to be produced chiefly, 
in descending order, in Wyoming and Mon- 
tana. The calcium or low-swelling benton- 
ites continued to be produced in the other 
States. Calcium bentonite production in 
Mississippi is suitable for the production of 
both absorbent and acid-activated products. 

The major western and southern benton- 
ite producers continued to cancel or defer 
planned enlargements and/or moderniza- 
tions. Most plants continued sporadic oper- 
ation at new lower production levels. The 
industry depression continued to be caused 
by lower oil- and gas-drilling activities dur- 
ing the year, exacerbated by the downturn 
in the steel and foundry industries. These 
three industries traditionally consume 
about 90% of the total domestic output. 
Some drilling activity increased in the first 
three quarters of the year but slowed again 
at yearend. 

Exceptions to industry retrenchments 
were largely confined to the calcium ben- 
tonite or southern bentonite producers. 
American Colloid Co., Skokie, IL, completed 
a $3.5 million expansion at its Aberdeen, 
MS, facility, to produce acid-activated clays 
for purifying and filtering edible and noned- 
ible oils and juices. In a novel barge loading 
scheme, to increase export competitiveness 
by lowering transportation costs, American 
Colloid began using an abandoned bridge 
over the Tennessee-Tombigbee Waterway to 
load barges with granular product as a first 
leg in shipping clay to Asian markets. The 
Belen City Council, Belen, NM, approved 
the issue of industrial revenue bonds for the 
maintenance of a city-owned facility, oper- 
ated by the lessee, United Desiccants Div. 
of United Catalysts, to manufacture and 
market clay desiccants used in shipping 
moisture-sensitive electronic and photo- 
graphic components. 

The Office of Surface Mining granted the 
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State of Wyoming $30 million to reclaim 
about 100 sodium bentonite mines on 5,000 
acres in Crook County, northern Wyoming. 
The funds were also to be used for reclaim- 
ing several other minesites, one of which 
was a shale mine. 

On December 31, 1985, Chemical Market- 
ing Reporter quoted domestic bentonite, 200 
mesh, bags, carload lots, f.o.b. mines, as 
unchanged at $43.50 per ton. The average 
unit value reported by domestic producers 
increased 10% to $31.90 per ton. Per-ton 
values reported in the various producing 
States ranged from $14 to over $70, but the 
average value reported by the larger pro- 
ducers was near the Montana average of 
about $32. 

Bentonite exports increased nearly 14% 
to 640,000 tons valued at almost $45.0 mil- 
lion. The unit value of exported bentonite 
decreased nearly 18% to $70.27 per ton; this 
was attributed to higher percentages of 
lower cost iron ore pelletizing grades 
shipped over the costlier drilling-mud and 
foundry grades exported. Domestic benton- 
ite producers continued to face increased 
competition in foreign markets; in particu- 
lar, the Canadian iron ore markets where 
Mediterranean bentonites have made in- 
roads into an area traditionally served by 
domestic producers. 

Bentonite was exported to 67 countries, a 
decrease of 4 from that of 1984. The major 
recipients were Canada, 49%; Japan, 1596; 
the Netherlands and Singapore, 496 each; 
and the United Kingdom, 3%. Domestic 
bentonite producers reported their exports 
were foundry sand, 3996; drilling mud, 2796; 
and other, 33%. 

Bentonite imports, consisting mostly of 
both untreated clay and chemically or arti- 
ficially activated material, increased over 
35% to nearly 23,000 tons. The chemically 
activated category, slowly increasing in 
quantity for the past several years, increas- 
ed over 35% to 14,443 tons valued at $3.7 
million, primarily because of increased 
shipments from Mexico, which were 64% 
more than those of 1984. The chemically 
activated bentonite was imported from six 
countries, one less than in 1984, with Mexi- 
co supplying 74%; Canada, 22%; the United 
Kingdom, 3%; and the Federal Republic of 
Germany, Japan, and Switzerland, the re- 
maining 1%. 
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Table 15.—Bentonite sold or used by producers in the United States, by State 
Nonswelling Swelling Total 
Short tons Value Short tons Value Short tons Value 
1984 
Aren 20,406 $800,618 20,494 $301,458 
Celiformia......-..- _-- 60,0068 773 26,445 1,598,017 94,548 6,692,790 
Clare 6G 189 1,896 11 150 2,100 
Keness e e e zs az 20,000 750,000 20,000 750,000 
Missingippi „ 221,625 6,885,218 MS = 227,625 6,385,218 
Montana“ — i. g 212,228 5,615,989 212,223 5,615,989 
Nevada e we t 20,092 1,191,011 20,092 1,191,011 
Texas e 86,850 WW 26,496 W 62,345 925,694 
L.T WE Se E 8,994 Si i LS S 8,994 d ON MS 
Wyoming’. _____..____ 414,905 414,905 686,549 
Other ue esse uuec 1158,171 15,591,798 pr 25,928,019 361,569 10,594,123 
Total |. LLL LL ccc 511,949 17,879,308 2,926,591 81,905,434 8,487,940 99,284,787 
1985 
Arina ..------------ 81,924 1 900 27,000 $2,824 740,571 
Califonia... -- 92,919 6,681,408 20,511 1,849,102 112,890 8,080,605 
Clara 14 7 6 60 80 800 
Mississippi -LI 197,581 6,106,229 aen eras 177531 6,100 229 
Montana _____________ s breit 398 639 689 
Nevada `... e n Sen 79,861 8,775,947 79,861 8,775,947 
au "WEE 80,791 681,221 15,971 212,470 46,762 849, 
Utah... ee cee ae a= 4, 420,721 14,006 420,721 
Wyoming EE DM em 2,116,085 68,064,643 2,116,085 63,064,643 
VCC 1145, 250 18,250,695 171,588 816,843 9,816,083 
c 497,949 17,889,865 2,697,831 84,585,920 8,196,280 101,925,785 
"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 
‘Includes rera! SE and Louisiana (1984). 
includes Idaho and South Dakota. 
*Incomplete total; date included with individual State totals. 
Table 16.—Bentonite sold or used by producers in the United States, by use 
(Short tons) 
1964" 1985 
Use Non- Non- 
swelling Swelling Total swelling Swelling Total 
Domestic: 
MEME. eee eee = 6,757 6,757 2,000 6,938 8,938 
r 49,811 136,321 186,132 38.265 92,219 130,484 
Catalysts (oil-refining) . gg 8,763 d 8,763 5,748 2,470 8,218 
Cement, 755 ^» W W xe W W 
(000 [Ere IMP CR Re P S 14,878 1,346,191 1,361,069 17,913 1,168,728 1,186,641 
Filtering, clarifying, decolorizing: 
Animal oils, mineral oils and 
greases, and desiccants _ _ —_ _ _ 1,074 5,119 6,193 7,300 3,071 10,371 
Vegetable ole... os de Er: 29,200 : 29,200 
1 221,886 520,177 748,063 206,388 522,199 128,587 
Glazes, glass, nameless SN W A W W 
ical, p utical, cosmetic . _ _ Ga 5,081 5,081 Ss 3,968 3,968 
Oil and grease absorbentese 100,951 45 100,996 34,448 45 84,493 
o " 10,852 10,852 — 7,161 7,161 
Pelletizing (iron ore) __________~_ x 404,493 404,493 US 290,561 290,561 
Pesticides and related util... 425 10,268 10,693 R97 235 1,132 
Waterproofing and sealing 1,597 12,195 74,392 3,432 119,876 123,308 
Miscellaneous 108,016 67,524 170,540 126,302 79,334 205,636 
Total ot 508,401 2,585,628 38,094,024 471,888 — 2,296,811 2,768,704 
wa 7770 = 158,188 153,188 E 117,130 117,180 
Foundry sand |... 9 1,810 161, 162,848 24,978 420 167,398 
Other* | ----------------— 1,638 26,142 28,880 1,078 140,970 142,048 
Nl! 2,948 340,968 843,916 26,056 400,520 426,576 
Grand total 511,849 2,926,591 38,487,940 497,949 2,697,331 3. 195.280 


manufacturing; fiberglass; firebrick, — 
plastica, waterproofing and sealing, eae oct CH 


— d 
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BENTONITE, thousand short tons 
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Figure 2.—Bentonite sold or used by domestic producers for specified uses. 


Production of fuller’s earth increased 8% 
to almost 2.1 million tons valued at about 
$129 million. This increase in production, 
after the first reported decline in 1984, 
marks a return to the upward trend in 
production that the industry has enjoyed 
for over 10 years. Generally an increase in 
absorbent-grade clay production was par- 
tially offset by a 16% decline in attapulgite- 
gelling clay production in Florida. The aver- 
age unit value increased slightly to $62.87 
per ton. Production was reported from oper- 
ations in 10 States, or 1 less than in 1984. 
The two top producing States, Florida and 
Georgia, accounted for 48% of domestic 
production. All States, except Florida, Mis- 
souri, and South Carolina, showed gains in 
production. 

Increases in consumption occurred in oil 
and grease absorbents while consumption of 
pet waste absorbents declined. 


Fuller’s earth is defined as a nonplastic 
clay or claylike material, usually high in 
magnesia, which has adequate absorbing, 
decolorizing, and purifying properties. Se- 
piolite-type clays are also included for sta- 
tistical convenience. 

Production from the region that includes 
Attapulgus, Decatur County, GA, and Quin- 
cy, Gadsden County, FL, is composed pre- 
dominantly of the lath-shaped amphibole- 
like clay mineral attapulgite. Most of the 
fuller’s earth produced in other areas of the 
United States contains varieties of mont- 
morillonite. 

Industrywide enlargements, moderniza- 
tions, acquisitions, and/or merger plans, 
slowed because of the economic downturn in 
the past 2 years, were beginning to be 
activated again. Oil-Dri Corp., Chicago, IL, 
finalized the purchase of Anschutz Mining 
Corp., near Ochlocknee, GA, for $1.75 mil- 
lion in cash and notes. The newly acquired 
assets included buildings, equipment, land, 
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and mineral leases all situated directly 
adjacent to Oil-Dri’s plant and mining oper- 
ations. A stock offering was also announced 
by Oil-Dri to raise capital for expanding and 
improving both Ochlocknee facilities. The 
projected growth of the premium segment 
of the cat litter market and Oil-Dri’s em- 
phasis on developing agriculturally related 
and specialty absorbents were cited for the 
additional reserves and plant capacity. In 
another acquisition, United States Borax & 
Chemical Corp., Los Angeles, CA, a subsid- 
iary of The Rio Tinto Zinc Corp. PLC of the 
United Kingdom, purchased the assets of 
Pennsylvania Glass Sand Corp. (PGS), 
Berkeley Springs, WV, a subsidiary of ITT 
Corp., for $80 million. The purchase includ- 
ed PGS’ Floridin Co., a major Florida pro- 
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ducer of attapulgite-type fuller’s earth used 
primarily in absorbent, thickening, and 
drilling-mud markets. Floridin also com- 
pleted doubling its production capacity for 
its specially processed finely ground atta- 
pulgite used as thickening and suspending 
agents in paint, wallboard, adhesives, and 
asphalt coating and/or sealants applica- 
tions at its fully automated Quincy, FL, 
plant. Floridin and the Seaboard Coast Line 
successfully developed a double-tier stack- 
ing arrangement for shipping up to 55 tons 
of bagged clay in a boxcar. Previously, 
single pallets, weighing up to 30 tons, were 
permitted in a 50-foot boxcar. The novel 
shipping techniques should increase the 
competitiveness of rail shipments. 


FULLER'S EARTH, thousand short tons 
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Figure 3.—Fuller’s earth sold or used by domestic producers for specified uses. 
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Table 17.—Fuller’s earth sold or used by producers in the United States, by State 


Attapulgite Montmorillonite Total 
Short tons Value Short tons Value Short tons Value 
1984 
Piorida 2.222222 459,502 $80,785,278 = EN 450,502 $80,785,278 
sel are 62277 863,669 28,601,596 205,414 $8,812,997 569,083 $2,414,592 
Hiss eee ERR = us 24. 2,400,000 24,000 2,400,000 
Other -..-.---------- 1115,190 16,871,947 9781,870 — ?46,417,009 846,560 52,789,016 
c 988,961 60,758,815 960,784 57,630,066 1,899,145 118,888,881 
1985 
Florida ...........-.- $87,076 29,451,978 m $87,076 29,451,978 
sel are „3 A E 886,181 25,838,176 206,296 9,204,984 ,083 $4,628,160 
Noc alas ice RUE a 28,000 2,940,000 000 2,940,000 
Othe cc 1146,819 18,998,241 254,155,576 1,051,172 62,448,817 
Total... --------- 920,682 638,078,395 1,188,649 66,390,560 2,059,281 129,468,955 
‘Includes Illinois, Nevada (1984), and 
. . South Carolina Toanemes, aad UGH (1000. 


Table 18.—F'uller's earth sold or used by producers in the United States, by use 


(Short tona) 
1984 1985 
Use Atta- Montmoril Atte- Montmoril- 
Domestic: 
%; ae EROR EE 1,798 E 1,798 2,140 EN 2,740 
Animal feed hl 12,189 E 12,189 88 Ss 8 — 
Drilling mud... 105,716 m 105,716 106,980 GER 106,980 
SÉ clarifying: ———— —€Ó— 10,576 62,867 46,899 10,482 57,881 
mineral oils and grass sss 18,017 T84 18,801 15,821 i 15,821 
Medical, pharmaceutical, = 106 E 105 94 94 
Oll and grease absorben ts 209,831 220,878 490,709 291,612 809,015 600,627 
a oe ec 6,606 — — 6,606 8 "n 8,244 
Pesticides and related producta. - 96,200 120,228 216,428 92,266 164,546 256,812 
Pet waste absorbents |... 291,948 9 798,222 214.800 869 781,669 
Other 25,872 19,841 45,718 22,182 23,400 46,182 
Miscellaneous 28,710 $0,911 69,621 17,417 27,094 44.511 
kv, TM 849,228 909,492 1,758,720 814, 155 1,101,406 1,915,661 
Drülig mud... unc: 1,246 m 1,246 156 m 156 
oil grease absorbents _ _ _ _ _ _ _ 41,020 88,188 19,158 61,518 18,701 80,219 
Pesticides and related product 9,135 878 9,508 8,418 971 9,389 
Pet waste absorbents . ._.______ 642 12,296 $9,987 27.882 11,484 88,816 
5j T COMER 10,090 486 10,576 9,003 6,137 15,140 
Vote! - .------------ 89,188 51,292 140425 106,477 87,243 143,720 
Grand total 938,961 960,784 1,899,145 920,682 1,188,649 2,059,281 


Ee br: clas 
SE chemical manufacturing; glas, glaas, and enamels gypsum produci 
refractories; plastics; pottery; and sanitary ware. 


iude poled axl ae 


Attapuigite, a fuller’s earth-type clay, 
finds wide application in both absorbent 
and gelling and/or thickening areas. The 
thixotropic properties of attapulgite clays 
provide the important thickening and vis- 
cosity controls necessary for suspending 
solids. Mineral thickeners are used in such 
diverse markets as paint, joint compound 
cement, and saltwater drilling muds. 

Prices for attapulgite reported by produc- 
ers ranged from $49.50 to $68.51 per ton; 
montmorillonite prices ranged from about 


$21.00 to $105.00. 

Exports of fuller’s earth went to 33 coun- 
tries, 2 more than in 1984, but the quantity 
decreased over 10% to 104,000 tons valued 
at about $9.1 million. The unit value of 
exported fuller’s earth increased nearly 
10% over that of 1984 to $87.84, which was 
attributed to a larger percentage of the 
high-cost gelling and drilling-mud grades 
exported in 1985 compared with the absorb- 
ent grades shipped. The major recipients 
were Canada, 73%; the Netherlands, 17%; 
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and the United Kingdom, 3%. Imports of 
fuller's earth, usually nil, were 3,814 tons 
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produced over 1 million tons except for 
South Carolina. Texas, the major producing 


valued at about $158,000. Imports consisted State, increased about 15%, which was 
of over 3,600 tons of drilling-mud attapul- largely attributed to the increased use of 
gite received at New Orleans, LA. All atta- lightweight aggregates in road surfacing. 
pulgite previously used by the domestic The increase offset the decline in building 


construction rates because of its softening 
oil- and gas-based economy. Common clay 
and shale represented 67% of the quantity 
and 1396 of the value of total domestic clay 
production. Domestic clay and shale are 
generally mined and used captively to fabri- 
cate or manufacture products. Less than 


AT 1096 of the total output is usually sold. The 
Domestic sales or use of common clay and average unit value for all common clay and 
shale increased 6% to about 30.2 million shale produced in the United States and 


Puerto Rico decreased 396 to $4.87 per ton. 
The unit value ranged from $2 to over $20. 


EE DOM DE MACC DY POTOCI IN c 
y State 


1984 1985 
Short tons Value Short tons Value 
TT CT ES diua eu . 1,523,073 $8,379,481 1,630,739 $1,962,196 
r erdt ux ae . 117,134 517,140 153,608 762,708 
pot ebe, c. 983,420 2,157,030 911,335 1,891,739 
"sl Beit hu EE .. cp rim ns 1,945,840 15,334,228 2,062,256 17,809,172 
. A eer SEL SEET ee ee ee 298,347 1,939,506 282.411 1,575,560 
rr ed dran e ead Gh ade iss nt ec an ho 99,078 564,620 106,033 631,873 
na De UB C INANE ay IU obe e.. 219,947 824,512 248,680 779,176 
— a kB; modius s EAR Gili. dual e pr ats n Sé 1,601,268 4,917,857 1,782,742 5,488,744 
.. LEP EAE RIE AE SAREE S: 253,381 939, 265, 876,123 
„„ e EE ͤ v 653,135 2,085,427 739,711 2,776,446 
(0 7 X Ke EE E ees qr 623,169 2,694,651 503,298 2,449,931 
— m EE ͤů . . QE RE: 897,722 4,786,598 854,177 4,437,709 
r AAA ees bo Mie i: 661,644 2,532,769 661,176 2,305,585 
BEND a. arsi dios ⁰ A m ¶Ä d e Din aa s 539,472 10,858,373 333,619 7,016,609 
CCT 43,488 96.522 49,500 99,555 
/ AA 346,963 1,483,631 336,085 1,646,991 
OO TE KREE SE sa a» cmn e zi irl ao cm thes 239,929 1,211,614 264,538 1,388,090 
Michigan CC. ²˙¹- Der ea EC RO P TCI 1,320,774 5,051,586 1,477,309 5,513,822 
ee 71,045,938 73,981,311 850,706 3,292,143 
ee ae ab nae ms cm co hs ds suo di deene 1,079,094 4,178,762 1,204,854 3,497,245 
TT" e ee E dg ne 16,422 25,143 24,190 60,369 
r cese EPA ebe Iuba LE 179,946 555,818 244,228 718,214 
OL Z O IED EES EVER Gee Penne ee ra ,000 400,000 120,000 1,800,000 
rr ˙ A ae 64,784 132,226 57,048 144,167 
r lel Sh A ER gee a 543,368 2,434,776 699,764 3,129,207 
TT" us Oe d quias com edere m mnt or im 6d rin di tom 2,280,634 7,911,093 2,611,455 8,533,367 
200 0o ge GREE EE ee ee 1,656,686 5,468, 1,873,087 6,138,465 
er , 979,291 2,498,178 996,522 2,331,651 
UNA Loses ee ansam am afm us iram a bi 189,167 288,443 188,026 284,626 
(Qo UU "ee Ge aA 902,448 3,745,079 1,061,607 4,520,686 
, . EE SE 127, 266,435 118,192 263,568 
O O OO ee, Je Deeg vn ZE ae co os um um c ed m m at m mec 1,057,061 8,405,359 1,029,178 2,385,886 
oo. Qu CU Qe RE HM E eege 119,149 843,149 117,065 309,052 
e e... 560,27 1,165,263 579,069 1,312,029 
EFF ² àdmſmy—— ß ͤ 2 TU E 3,406,593 15,362,396 8,919,159 18,317,566 
r Sr See ⅛ͤük! . ꝛ˙rüi SE KEE 810,439 2,079,497 317.725 2,085,283 
bo 00 2,48 Eë DELL ni A, a es lc dees es rn 687,968 3,603,785 786,295 4,036,908 
Was SL 2 mates ase zw da c an al eg et Ze c m as 285,961 1,598,120 242,914 1,402,107 
p.207 00 70 79 Xe PU PE e ACE Pa 283,328 615,084 233,269 547,627 
rr en ue pq usa gia cm a am a cus ei 213,350 1,234,381 185,917 1,081,562 
"SCT Su. Wa CE Lamm mtm men 115,492 422,688 95,421 324,908 
„ 728, 528.147 "128,091,668 $0,168,825 . 181,984,671 
"Revised. 
‘Includes Puerto Rico. 
includes Minnesota, New Hampshire, and North Dakota. 
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Common clay is defined as a clay or 
claylike material that is sufficiently plastic 
to permit ready molding and that vitrifies 
below 1,100° C. Shale is a sedimentary rock 
composed chiefly of clay minerals that has 
been both laminated and indurated while 
buried under other sediments. Clay and 
shale are used in the manufacture of struc- 
tural clay products such as brick and drain 
tile, portland cement clinker, and expanded 
lightweight aggregates. 

Increased production capacities, new 
plants, modernizations, acquisitions and/or 
mergers proceeded slowly during the year. 
The construction industry, the biggest user 
of heavy clay products, such as brick, light- 
weight aggregate, portland cement, sewer 
pipe, and tiles was moving along at a brisk 
pace. Large inventories accumulated during 
the winter months were worked off by the 
first quarter, and at midyear, the industry 
was experiencing heavy production, some- 
what encouraged by declining interest 
rates. A notable exception to boom times 
was the declining construction rates in the 
depressed oil producing States of Texas, 
Louisiana, and Oklahoma. 

In acquisitions, Jim Walter Corp., a large 
Tampa, FL, building supply and home 
building company, purchased Cherokee 
Brick of North Carolina Inc. and Sanford 
Brick Corp., also in North Carolina, for an 
undisclosed sum. The purchase, Walter's 
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first of a brick plant, signals the company’s 
move to further diversify its building supply 
line by adding brick. Cherokee, based in 
Raleigh, has a plant in Mancure, and 
Sanford Brick, based in Sanford, has plants 
in Sanford and Norwood and a Chatham 
County plant making specialty bricks of 
various sizes and colors. North Carolina is 
traditionally the largest brick producing 
State. In another move, Old Virginia Brick 
Co. (OVB) was acquired by a group of three 
entrepreneurs experienced in the brick in- 
dustry. The company, in business since 
1890, produces both wood-molded and 
extruded bricks at its Salem, VA, complex, 
near Roanoke. The new owners planned 
substantial changes in both plant oper- 
ations and marketing strategies along with 
automation in administration and quality 
control. 

Increases in production capacity were 
announced by Robinson Brick Co., Denver, 
CO; and Cloud Ceramics Inc., Concordia, 
KS, installed a new slug cutter to replace 
one that cut nearly 1 billion bricks. An 
oxygen enrichment scheme for gas firing ite 
tunnel kilns was succeesfully completed by 
Watsontown Brick Co. at its Watsontown, 
PA, brickworks. The new firing scheme not 
only succeeded in reducing gas costs by over 
2096 but unexpectedly resulted in producing 
a more competitive, deeper, and uniformly 
colored red brick. 


CONSUMPTION AND USES 


The manufacture of heavy clay producta 
including (1) building brick, sewer pipe and 
drain, roofing, structural, terra cotta, and 
other tile; (2) portland cement clinker; and 
(8) lightweight aggregate accounted for 
35%, 20%, and 10%, respectively, of total 
domestic consumption. In summary, 65% of 
all clay produced was consumed in the 
manufacture of these clay- and shale-based 
construction materials. 

Heavy Clay Products.—The value report- 
ed for shipments by the Bureau of the Cen- 
sus of heavy clay products increased 6% to 
about $1.43 billion. The million standard 
brick count for building or common face 
brick increased slightly. Shipments of clay 
floor and wall tile increased 9%, while 
vitrified clay sewer pipe and fittings de- 
creased 7%. Increases in common clay and 
shale used in building brick manufac- 
turing occurred in most States with total 
domestic production increasing 3%. In- 
creases were largely under 10% with an 
average State upturn of about 6%. 

Lightweight Aggregates.—Consumption 


of clay and shale in the manufacture of 
lightweight aggregate increased nearly 8% 
to about 4.7 million tons. The upturn in 
overall construction uses, except for the 
largest category, concrete block (55% of 
total production), which declined 2%, was 
largely responsible. Highway surfacing in- 
creased 22%, while the second largest con- 
suming area, structural concrete (3096 of 
production), increased 18%. The new mar- 
ket areas, such as recreational and horticul- 
tural uses included in the other category, 
increased 24%. 

Refractories.—All types of clay were used 
in manufacturing refractories. Bentonite, 
fire clay, and kaolin accounted for 28%, 
32%, and 19%, respectively, of total clay 
used for this purpose. The remainder, ball 
clay, common clay and shale, and fuller’s 
earth, were used chiefly as bonding agents. 
Bentonite, both swelling and nonswelling, 
was used as a bonding agent in proprietary 
foundry formulations imparting both green 
strength and hot strength to the sand. 


Table 20.—Clays sold or used by producers in the United States' in 1985, by use 
(Short tona) 
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Table 21.—Shipments of principal structural clay products in the United States 


Product 1961 1962 1968 1964 1985 

1 pus million standard brick. 4,407 792 10 606 

*.. B Wa wi e e g 

EE million standard brick 92 49 80 $2 55 

ite pep pela — M  À—— BÓ e $8 $6 $6 $7 $12 

9 JJ es ean ae as million standard brick 463 825 815 891 868 

Eeer ͤ y $78 $52 $64 $79 $78 
Unglaned, salt-giased, ceramic-giased structural facing tile 

Ee million standard brick 35 11 W W W 

sheet Ee etri tel e uid a S $10 $8 W W W 

a tas at os tana alae EK million standard brick 288 296 888 840 810 

BB e eS uuu c eL million. _ $341 $854 $888 $421 $450 

Total va lu do $972 $923 $1,161 $1,842 $1,428 


W Withheld to avoid disclosing Y M a 
IDALA DAA kak KIA ta Kalo OCA LAG independent rounding 
Source: Bureau of the Census Report Form D (84), Current Industrial Reports—Clay Construction Products. 


Table 22.—Common clay SIN shale used in building brick production in the 


nited States, by 
1984 1985 
State 
Short tons Value Short tons Value 
Alsbama ee" 721,388 ` $2,924,014 184,224 — $3,585,909 
Arizona and New Mexico 148,966 890 191,851 890, 
Arkansas -LLL LLLI 1,209,049 618,199 1,887,518 
California _______________________________ 1.521, 70 $79,976 ý 
E 8 291,547 1,937,112 280,611 572 
Connecticut and New Jersey ggg 149,078 1,814,620 226,083 2,431,878 
JJ 8 1,356,008 8,782, 1,458,998 
J 8 106,740 116,840 462,611 
Indiana and Io 926, 815,883 789 
Kentucky ::: 1384041 d 1,299,988 
Louisiana -______________________________ 117,404 306,678 111,287 278,845 
Maine, New Hampshire ______.______ 860,588 198,672 1,01 
and West Virginia 815,018 1,515,289 $76,587 1,714,440 
and Minnesota ______________________ 51,641 128,111 54.771 1 
77ͥͥ TT 919,621 "5,155,288 751.920 2,980,254 
NEE ke A A 858,1 14,025 291,796 
Nebraska and North Dakota -L21 LIII 180,927 490,011 1 489,974 
New York dT ^ 72157 184,551 196,451 
n CH ee ere NO FUN eee on ee 919,971 3,205,889 912,168 9,428,479 
Oklahoma 444õẽ4õõö0 518,107 1,661,852 1,491,028 
%%0% ]]]!!! 1 41.001 17,848 
Pennsylvania _____________________________ 7 782,491 8,020,028 
South Carolina _..____.____________________ 680,974 416 1,528,674 
777 8 894,182 416,599 1 
y T RE CERES EUER 8 L 7,381,847 1,706,625 8,450,887 
Ul EE 217,914 1,646,188 191, ; 
Washington VM ORUM NPN) EC NUM 0 0 D 160115 1418218 180,117 1351.157 
Wyoming enn 8 44,711 558,079 S 
BEEN 14,588,428 — *55,229,570 14,973,764 56,439,651 
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The tonnage of clays used for refractories 
decreased slightly and constituted 6% of 
total clay produced. An increase in the use 
of high-alumina clay-based refractories, in 
particular, calcined kaolin grogs, in mono- 
liths offset the decline in production of the 
more conventional refractory bricks and 
shapes. The major refractory consuming 
industries—cement, foundry, glass, ferrous 
and nonferrous metals—continued to un- 
dergo major changes in technology and 
production levels for their products. Metal 
imports further exacerbated the industry’s 
problems. 

Filler.—All kinds of clay have been used 
to some extent as fillers in one or more 
areas of use. Bentonite, fuller's earth, and 
kaolin are the principal filler clays. Kaolin, 
either air-floated, water-washed, low-tem- 
perature calcined, and/or delaminated, is 
used in the manufacture of paper, rubber, 
peint, and plastics. Fuller's earth is used 
primarily in pesticides and fertilizers. Clays 
are in pesticides and fertilizers as either 


Of the total clay produced, 1196 was used 
in filler applications; of this, kaolin ac- 
counted for 89%; fuller's earth, 796; benton- 
ite, 8%; and ball clay, common clay and 
shale, and fire clay, the remaining 1%. 
Kaolin consumed as fillers decreased slight- 
ly to 4.2 million tons. An approximate 8% 
decline in paper coater-grade kaolin, which 
constitutes 54% of the total filler and ex- 
tender category, was largely responsible. 
Increases occurred in most of the other 
filler categories for kaolin, except for peint 
and plastics, which decreased 18% and 8%, 
respectively. The paper filing and pesti- 
cides end uses increased 19% and 59%, 
respectively, while the other increases were 
more modest, generally under 6%. The total 
quantity of fuller's earth used in pesticides 
and related products, such as fungicides, 
increased nearly 1996 over that of 1984. 

Absorbent Uses.—Absorbent uses for 
clays accounted for over 1.6 million tons, or 
about 496 of total clay consumption. De- 
mand for abeorbents increased 8%. Fuller’s 
earth was the principal clay used for ab- 
sorbent purposes, and this application 
accounted for 84% of its entire output. 
Demand for clays in pet waste absorbents, 
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representing nearly 49% of absorbent use, 
decreased 1596. Use in floor abeorbents, 
chiefly to absorb hazardous oily substances, 
accounted for another 39% of the absorbent 
demand, which rose 14% above that of 1984. 
An upturn in the industrial sector, large 
consumers of floor abeorbents, and the econ- 
omy in general were responsible for the 
increased consumption. 

Drilling Mud.—Demand for clays in 
rotary-drilling muds decreased 12% to 
about 1.8 million tons and accounted for 
nearly 8% of total clay production. This 
decrease reestablished the downward trend, 
except for the increase noted in 1984, begun 
in 1982 when a combination of excess oil 
production and economic uncertainties re- 
sulted in lower oil and gas well-drilling 
activities, which depressed bentonite de- 
mand. Oil and gas well-drilling activity 
softened further at yearend because of addi- 
tional overproduction. Swelling-type ben- 
tonite remained the principal clay used 
in drilling-mud mixes, although fuller's 
earth, used mostly in saltwater drilling 
techniques, and nonswelling sodium-acti- 
vated bentonites, were also used to a lim- 
ited extent. Bentonite and fuller’s earth 
accounted for nearly 100% of the total 
amount of clay used in this category. Small 
amounts of ball clay and kaolin were used 
in specialized formulations. 

Floor and Wall Tile.—Common clay and 
shale, ball clay, kaolin, and fire clay, in 
order of volume, were used in manufac- 
turing floor, wall, and quarry tile. This end- 
use category accounted for about 1% of the 
total clay production. Downsizing of homes, 
in part due to the need for remaining 
competitive in the marketplace, has largely 
ended with declining interest rates. 

Pelletizing Iron Ore.—Bentonite contin- 
ued to be used as a binder in forming 
indurated iron ore pellets. Demand decreas- 
ed nearly 28% to about 291,000 tons. In- 
roads of inexpensive Mediterranean area 
bentonite, largely sodium-activated, into 
the traditional U.S. clay marketing area of 
the Great Lakes, coupled with lower de- 
mand due to changing technology, metal 
imports, and shrinking production levels, 
have all combined to lessen the demand for 
domestic bentonites in this category. 
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Ceramics.—Total demand for clay in the principally ball and kaolin clays, increased 
manufacture of pottery, sanitary ware, fine slightly to nearly 1.44 million tons. The 
china and dinnerware, and related products increase in this category was also attributed 
(excluding clay flower pots) accounted for to the increased demand for residential 
8% of the total clay output. This demand, housing because of declining interest rates. 


Table 23.—Common clay and shale used in Torm aggregate production in the 


United States, by 
Short tons 
State Concrete Structural val 
jue 
1984 
Alabama and Arkansas -~ - ---—------ 521,001 146,007 19,364 ,200 690,572 . $3,698,200 
UU meis Ne. eis ict M 123,481 201,091 e 19,114 343,686 2,788,638 
Indiana, IoẽW a 185,874 39,600 26,122 ect 251,596 698,494 
Kansas, Kentucky, Louisiana 538, 192,028 48,707 12,347 791,619 13,830,093 
usetta, ippi, Missouri 256,722 80,096 23,715 a“ j 1,846,549 
Montana and New York... 148,050 137,750 * ae 800 500 
North Carolina and North Dakota |... 124,120 81,642 " 24 205,186 512,921 
Oklahoma, Pennsylvania 221,232 35,733 100 ,065 577,877 
.. eee 144.215 32,509 — 8,036 184,760 2,276,592 
e Y EEN 401,978 247,789 329,766 20,988 1,000,521 4,997,293 
z eee i 2,671,210 1,194,245 441,714 64,709 4,811,988 ` 88,286,668 
1985 

Alabama and Arkansas 708,200 190,857 14,683 913,740 4,321,766 
1 131.897 237,787 p 15,049 i 8,364,460 

Florida and Indiana 192,210 43,200 13,000 248,410 ` 
Kansas, — reg: Er, ees 412,713 124,844 ,250 8,126 510,933 9,916,737 
ppi, Missouri 221, 75,156 36,46 e 333,002 1,779,111 
Montana and R and New Lokk 208, 178,250 ke SE 886,900 2,455,240 
North Carolina 210,000 140,000 — 350,000 881,000 
klahoma, Pennsylvania 186,536 45,448 1,460 Se 233,444 640,219 
Utah and Virginia... 146,772 $2,249 5,707 1,040 185,768 2,395,170 
222 194,315 845,117 449,821 114, 683 1,103,936 2,355,859 


S QUE A ENEE 2,612,678 1,412,858 546,382 138,898 4,710,816 28,799,090 
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Table 24.—Shipments of refractories in the United States, by product 


1984 1985 


Unit of — —ÓÓÓ 
Product 
CLAY REFRACTORIES 
Superduty fire clay brick and shapes... pedi $4,422 $41,887 26,509 $88,517 
Other fire incl and SE e 7 
clay — 06,908 44,742 65,960 60,272 
structure parts used for 
gp imer d to 60% AlgO3) brick and 3 ` cao 81,967 151,578 71,271 188,314 
made of diaspore or 
firebrick and shapes ________— cei cu 29 29 1 16,429 
Ladle brick 33 86,7 p 48271 23,778 
Sleeves, noszies, runner brick, tuyeres — _ — _ — — = 20, 90,475 "s We 
Kiln furniture, radiant heater elements, bo ----de ..- 28.760 26,526 XX 25,883 
ter’s supplies, 
3 Seas nu 80,317 86,589 XX 40,478 
ramming mixes, con- eus inis 908 48,962 XX 43,246 
taining up to 87.5% Ali? 
CCC E ..- 219,989 681 XX 87,494 
— o ZS SS 
5 E | 
Total clay refractories. 2 e e um XX 782,908 XX 629,788 
NONCLAY REFRACTORIES 
Silica brick and shapes E 1,000 9-inch 7,096 15,025 5,728 18,608 
E ea eens” Ls 25,164 112,129 24,519 118,426 
lee And chrome magnesite brick and Zend 2 88,666 154,045 80,822 125,925 
"ep containing natarel Short tons 17,461 88,908 12,924 80,562 
Zircon and sirconia brick and shapes; other 1,000 9-inch 5,048 86,162 1,084 81,209 
dolomite, dolomite-magnesite molten-cast.* 
other brick and shapes. 

J vane aliinanita Oc andal: 3 8.784 16,100 3,506 18,319 
Other 50%) alumina brick EN, Gees 677 611 425 118 
D azira bigh (ore ) 8, 46, 64, 48, 

sintered alumina shapes.* 
Silicon carbide brick, shapes, kiln furniture_ _ — ___ 1,674 94,845 1,284 88,834 
Refractory bonding mort ara Short tons _ — 9,792 xx 11,942 
Hydrenliosotting noncay refractory castables sed am 23,742 21,130 20,368 
and ramming SEH ENS ee 180,966 87,041 xx 79,140 
Gunning mixes... LLL LLL Lc. EOS mm 238,381 86,709 XX 109,180 
Dead-burned magnesia or magnesite? ? |... o 816,029 102,160 XX 141 
FFF aa aoe $09,291 18,002 xx 28,111 
Other material sold in ----8e ..- 218,438 41,894 XX 68,109 
lump or ground form. 
Total nonclay refractories e xx 824,336 xx 874,727 
Grand total refractories_ -------L xx 1,606,644 xx 1,504,465 
W Withheld to avoid disclosing proprietary data. XX Not applicable. 
‘Heat short o fusion; volatile materiala are thus driven off in the presenoe of chemical changes, giving more stable 


use. 
*More or less plastic brick and materiale that, after the addition of any water needed, are rammed into place. 
Materials for domestic use as finished refractories and all exported material. 
*Includes calcined clay, ground brick, and siliceous and other mixes. 
* Molten cast refractories are made by fusing refractory and pouring the molten material into molds to form 


shapes. 
“Com melted and cooled, then crushed and graded for use in a refractory. 
"Includes ta to refractory producere for rescooansing In te manufectere EES 


Source: Bureau of the Census Report Form MQ82-C (84), Current Industrial Reporte—Refractory. 


Table 25.—U.S. exports of clays in 1985, by country 


(Thousand short tons and thousand dollars) 
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177 
1,747 
4,166 
11,912 
60,169 
9,278 
9,248 
14,094 
489 
474 
19 
461 
1,081 
188 
048 
212 
5,969 
584 
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2,439 
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Table 26.—U.S. imports for consumption of clays in 1985, by kind 


Quantity Value 
Kind (thou- 
tons) eands) 
China clay or kaolin 
EE 72 d 
rmany, Federal Republic o... A A 
TT, TEEN 18 20 
TRIWEH el EE 3 2 
United Kingdom .—. cule ͥ Deg Rr mas m re ies 9,288 956 
Total! conc null tu ͥ d 9,887 996 
Fuller's earth, not beneficiated: 
(TCC 2d e ee WWW--- RA LE 24 4 
Kee HE T. 8 44 2 
Frana ck dd a EE 1 2 
TK, TTT elle Se Kd dg uL. s Miam EO ee 2 
TT BEEN 3,638 183 
Total aoe sas eo REESE CREE 8,738 143 
Fuller's earth, beneficiated: 
P16 loc ouo ] ] ͤ k I Ea rete ee 20 8 
United Kingdom -` ĩ˙²ĩ7 ------------ A 56 7 
Total coit . E Adr ie 16 10 
Bentonite 
EE 1,044 197 
BF A a oM a CHER EE 30 14 
Denmark ĩ˙ↄ “cn ee ði m ea ere es ae 2 4 
Japan- uc ae es A as tee Bee ete a sae d e 2 5 
Mótið EE 5,805 85 
8 025 222 ò ↄð̊00 d 8 958 143 
DOW ee ea T E S 
United KingdooUU”m!n:nunn nn 2222222222222 215 59 
NC RUNS TUTTO é 8,104 611 
Common blue and other ball clay, not beneficiated: United Kingdom 92 11 
Common blue and other ball clay, wholly or partly beneficiated: 
Netherland- uc Deo ß iL Lee iae cie 
United Kingdom soo uei acere e qs E Rude eee Ee 1,155 134 
Tote) oh bs ² ꝰꝓQꝓ P..... seite Mar E 1,177 187 
Other , not beneficiated: 
77777 ee ne UN RH ea ee ae 2 e 
apan- EE 
United Kingdom ĩ ⁵ —— :! 1,704 19 
Total ee ose wear ae CE eek E LEE ee UC E 1,764 29 
Clay, n.e.c., beneficiated: 
lum ARENIS EMINET RUE RNC A PC CNN LE ae a ERU 4 b 
Bran eeu uuu cet keete 28 13 
Cani. oo cocos a IL i C 8 321 94 
Dénmark EE 1 8 
Frans os or Se ee ein te ates ...!... 8 103 27 
lai Federal Republic of ~. ----- -------------------------- et E 
A pecu cc 1 2 
Netherlands — ↄ˙ůùll SE m ucc M dai uiu =- 1 
United Kinde 8 1,445 294 
Tõtal La d ee re ee 2.131 480 
Artificially activated clay: 
Ier TEE 8,151 858 
Germany, Federal Republic of... ~- - -—-- - ----------=- -=-= 180 133 
Japan o a . . A ELE 13 20 
MOX) i ania te x De MeL E E EAE 10,700 2,512 
Switzerland ⁹·•P(w..ſdGPrmnm dd c ec a 20 39 
United Kingdom -` -~ - - ] ' ê“fß d 379 102 
TAL. c ue cue AL E 14,448 8,664 
Grand total _ - ---- ----------------—- AA 40,902 5,981 


1Data may not add to totals shown because of independent rounding. 
Source: U.S. Department of Commerce. 
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WORLD REVIEW 


Estimated world production of all grades 
of fuller’s earth increased almost 7%, ka- 
olin increased slightly, while bentonite 
decreased nearly 4%. World fuller's earth 
production during the year was about 2.7 
million tons, and U.S. output accounted for 
16% of the total. Bentonite production was 
6.2 million tons, with the United States 
accounting for 51% of the total. Kaolin 
production was nearly 23.4 million tons, 
and U.S. output was 33% of the world total. 

Australia.—Kaiser, Oakland, CA, was 
planning to sell most of its clay and nonclay 
refractory assets in Australia to Morganite 
Australia Pty. Ltd., a subsidiary of Morgan 
Crucible Co. PLC, London, United Kingdom, 
for an undisclosed sum. Kaiser (see “Fire 
Clay” section) was negotiating with an em- 
ployee group for a leveraged buyout of its 
North American refractories division as 
part of its intent to withdraw from the 
refractories business. 

Barbados.—American investors pur- 
chased the assets of the country’s only brick 
manufacturer, Building Supplies Ltd., 
which included a factory near its clay depos- 
its in the St. Andrew area. The investors 
intended to convert the facility into a clay 
floor and wall tile manufacturing plant, 
destined largely for export to the Florida 
and Texas markets. The U.S. group was 
striving to take advantage of the duty-free 
provisions of the Caribbean Basin Initiative 

(CBD that eliminates import duties for most 
Caribbean products through 1995. Clay 
brick tile exports from non-CBI countries 
pay a 23% import duty in the United States. 
Future plans included a high-tech ceramic 
line for the U.S. automotive industry. 

Brazil.—Caolim da Amazonas announced 
a 100% expansion of its 250,000-ton-per- 
year paper-grade kaolin plant on the Rio 
Jari, with construction scheduled for mid- 
1986. 

Canada.—Oil-Dri Corp. of America, a 
Chicago-based absorbent clay company, 
purchased the remaining 50% of Favorite 
Products Co. of Montreal.‘ Favorite is the 
leading Canadian marketer of absorbent 
clays. Assets include a modern automated 
packaging plant and production facilities 
for manufacturing Oil-Dri's proprietary ab- 
sorbents. The new management plans to 
expand Favorite's markets into the Mari- 
time Provinces and Ontario and provide 
research and development support. 


The Calgary-based Ekaton Energy Ltd. 
established a wholly owned subsidiary, An- 
con Research and Engineering Ltd., to pro- 
vide technical expertise on developing the 
parent company's kaolinized sand property 
in the Wood Mountain and Eastend acres in 
Saskatchewan.* The company's plans called 
for constructing a wet beneficiating plant to 
separate the kaolin and sand fractions in 
1987 after an initial development program. 
The kaolin was targeted for the domestic 
paper filler market, and the sand, for local 
amber glass production. Carlson Mines Ltd. 
has obtained an option to buy up to a 50% 
interest in a kaolin sand deposit northwest 
of Smooth Rock Falls in Ontario.* Carlson 
planned to develop the deposits, which con- 
tain proven reserves of over 50 million tons 
of kaolin and silica sand. 

Jannock Ltd. purchased the operations of 
Domtar Inc.’s brickworks in Ottawa and 
Mississauga in Ontario and one in La Prai- 
rie, Quebec, capable of producing 130 mil- 
lion bricks annually.” 

Chile.—The Government planned to en- 
tertain bids for developing the Solar de 
Uyuni salt deposits.“ The concession area, 
located about 250 miles from La Paz in the 
Department of Potoeí, in addition to salt, 
lithium, potassium, and boron values, also 
contains large reserves of kaolin. 

China.—A bentonite deposit, reportedly 
China’s largest, with verified reserves near 
70 million tons, was found near Changchun 
in Jilin.* The deposit, situated under a coal 
seam, reportedly averages 300 feet in thick- 
ness, and at the present rate of coal produc- 
tion, upwards of 200 tons per day of benton- 
ite could be extracted. A deposit of over 2 
bilion tons of a unique illite clay was 
discovered in Ji County, Tianjin Munici- 
pality.e The county plans to become a 
major producer, along with Yixing Town in 
Jiangsu Province, for the distinctive purple 
sand pottery. 

Finland.—A large kaolin deposit, con- 
taining about 20 million tons of ore, was 
found by the Geological Research Center 
and Lohja Oy in Paljakka, close to Puolan- 
ka in the north." Feasibility studies were 
under way to optimize a mining and proc- 
essing scheme to yield paper quality clays. 
Finland's paper industry imports nearly 
400,000 tons of English china clay yearly. 

Germany, Federal Republic of.—The 
manufacturing operations of Oil-Dri, a Chi- 
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cago-based U.S. firm, were acquired by La- 
porte Industries Ltd. of the United King- 
dom for about $4 million.'* The acquisition 
not only included Oil-Dri's Cologne plant, 
which manufactures granular absorbent 
clay products for agricultural, industrial, 
and pet waste uses, but also its European 
marketing operations in Switzerland. The 
acquisition agreement provided for Oil-Dri 
to supply Laporte with Georgia fuller's 
earth clays for further processing. In addi- 
tion, the two companies planned to cooper- 
ate in their European business and in tech- 
nology transfer. This latest acquisition 
in the Federal Republic of Germany and 
another in the Netherlands appear to fit in 
with Laporte's efforts to make inroads into 
European bentonite and/or fuller's earth 
markets. 

Eduard Kick GmbH, the country’s second 
largest producer, installed and commission- 
ed a new 84-inch high-intensity wet magnet- 
ic PEM separator at its Schnaittenbach 
plant. Kick processes the sand kaolins of 
the Hirschau-Schnaittenbach Basin for the 
local paper, ceramics, and fiberglass indus- 
tries. 

Greece.—A new $1 million bentonite 
processing plant was under development by 
Silver and Baryte Ores Co. to in- 
crease its processing capacity for granu- 
lating, sodium activating, and drying clays 
on the Island of Milos to nearly 500,000 tons 
per year.'* The company's bentonite sales 
were chiefly for iron ore pellets (70%), 
foundries (20%), and oil and/or gas drilling 
(10%). Large deposits of high-quality clays 
were situated in the Laconia and 
Provinces in Peloponnesia.!* The clays were 
reported to be suitable for manufacturing 
high-quality ceramics and were the first 
deposits to be found that are in economi- 
cally exploitable quantities. 

India.—The nation's first ceramic floor 
tile plant was established in Andhra Pra- 
desh in a joint venture with an unnamed 
U.S. company. The fully automated plant's 
output, capable of expanding to 25,000 tons 
per year, was targeted for the growing West 
Asian and Far Eastern export markets. The 
Geological Survey of India's recent publica- 
tion, in its exploratory survey of the State of 
Orissa, listed reserves of fire clay and kao- 
lin to be 150 million and 100 million tons, 
respectively.“ 

Netherlands. — Holland Laporte, a mem- 
ber of the Laporte Industries Group, ac- 
quired Dayton BV, an independent chemi- 
cals marketing and trading company." Day- 
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ton has been active in marketing a signifi- 
cant portion of Laporte’s bentonite products 
in Western Europe. This latest acquisition 
by Laporte followed its pattern of increas- 
ing its presence in European and Asian 
markets. 

Pakistan.—The Government ordered fur- 
ther exploration and trenching to deter- 
mine the bentonite reserves of the depos- 
its in the hilly areas of Dera Ghazi Kahn 
to eliminate Pakistan’s dependence on 
imports.'* In other Government action, fire 
clay reserves of nearly 60 million tons were 
discovered in the mountainous region of the 
Kala Chitta District of Attock.'* The Gov- 
ernment claimed that this recent fire clay 
find would permit the country to be self- 
sufficient in refractory- and ceramic-grade 
clays for the foreseeable future. Large de- 
posits of china clay have been located in the 
Tharparkar District by the Pakistan Miner- 
al Development Corp. (PMDO).* Identified 
reserves were estimated to be about 4 mil- 
lion tons, but the new deposit is in difficult 
terrain. Nevertheless, PMDC developed a 
mining and clay washing procedure, which 
it forwarded to Government officials for 
evaluation. 

Philippines.—A local company, Naga 
Hardwood Ltd., planned on developing its 
kaolin and industrial sand deposit with a 
joint venture partner experienced in sand 
kaolin technology and processing.“ 

Qatar.-—A geological survey for industri- 
al minerals carried out by the Industrial 
Development Technical Centre of Qatar 
located promising deposits of several differ- 
ent unspecified clay types.™ 

Senegal.—Société Sénégalaise des Phoe- 
phates de Thiés (SSPT), co-owned by the 
Government and Rhóne-Poulenc S.A. of 
France, planned to treble its attapulgite 
preduction capacity at its Lam Lam Mine 
and mill complex in the Thiés District from 
110,000 to 330,000 tons per year.” The clay 
is used principally by the West European 
domestic and industrial absorbent markets, 
the major outlet being for a pet waste 
absorbent line. 

Spaln.— The Government approved La- 
porte's (United Kingdom) plans to complete 
the acquisition of Minas de Gador S.A.* 
Minas de Gador mines bentonite in the 
Almería region in the south and bentonite 
and sepiolite in the Yuncos area, about 25 
miles south of Madrid. The company pro- 
duces a complete line of bentonites for use 
in foundries, drilling mud, animal feed, 
and bleaching earths for oil refining. In 
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addition, sepiolite from Yuncos is also used 
in saltwater drilling muds and industrial 
and pet waste absorbents. Minas de Gador, 
which markets heavily in the European and 
African Mediterranean countries, was re- 
portedly planning, under Laporte’s direc- 
tion, to increase its production capacity for 
specialty activated clays. In a related event, 
Laporte and Sociedad Tolsa S.A. agreed to 
exchange certain clay business sectors.” 
The agreement permits each company, La- 
porte through its newly acquired subsid- 
iary, Minas de Gador, and Tolsa, to further 

ialize within their own areas of exper- 
tise. Tolsa is to specialize in the production 
of sepiolite, and Minas de Gador, in the 
production of bleaching earths (attapulgite 
and/or fuller's earth) and bentonite. This 
agreement freed additional production ca- 
pacity at existing plants by ending competi- 
tive products. 

Tolsa's Toledo plant planned to produce 
special rheological sepiolite grades to meet 
the shortfall, if it should materialize, for 
Tolsa's Madrid plant, which produces ap- 
proximately 500,000 tons per year of ab- 
sorbent-grade sepiolite granules. Tolsa con- 
tinued to produce sepiolite in the Madrid- 
Toledo area at Vicalvaro-Yunclillos while 
the other Tolsa Group companies, Hifran 
S.A. and Minas de Torrejon S.A., continued 
to produce a sepiolitic marl at Lebriva in 
Seville and attapulgite at Torrejon el Rubio 
in Cáceres, respectively. Laporte's Minas de 
Gador became the sole Spanish bleaching 
earth producer. Its Yuncos plant capacity 
was increased an additional 30,000 tons per 
year. 

A new 60,000-ton-per-year processing 
plant for the production of paper coater- 
and filler-grade kaolins from a kaolinitic 
sand, at Poveda de la Sierra in the Guadala- 
jara Province about 100 miles northeast of 
Madrid, went on-stream.** The plant is own- 
ed by Cía. Espanola de Caolines S.A., a joint 
venture between English China Clays PLC 
(ECC) of the United Kingdom, Caobar S.A., 
and a private interest. The kaolin deposit is 

said to contain roughly 20 years’ reserves of 
clays of sufficient brightness so as not to 
require the costly conventional bleaching 
and magnetic separation processing steps. 

Turkey.—The State mining company Eti- 
bank evaluated proposals from foreign min- 
ing companies for jointly developing se- 
lected bentonite properties.” 


289 


U.S.S.R.— The bentonite mines and proc- 
easing plants at Sarigyukh near Idzhevan in 
Armenia were reportedly the largest in the 
Soviet Union.* Their 1.3-million-ton-per- 
year output supposedly represents one-third 
of the total Soviet production. 

United Kingdom.—ECC, the world’s larg- 
est kaolin producer, increased its holdings 
in Watts Blake Bearne & Co. PLC (WBB), 
the world’s largest ball clay producer, to 
nearly 21% of its outstanding shares.™ 
WBB and ECC produce both kaolin and ball 
clay and are major factors in the domestic 
and international clay markets. ECC has 
reaffirmed its promise not to sit on WBB's 
board. An agreement was announced by 
Hepworth Ceramic Holdings PLC and Brit- 
ish Steel Corp. (BSC) on merging their 
subsidiaries, G. R. Stein Refractories Ltd. 
and BSC Refractories Group, respectively, 
into G. R. Stein.” As a result of the merger, 
Hepworth held 78% and BSC held 22% of 
the enlarged company, which strived to 
combine manufacturing facilities and devel- 
op the latest refractories technology. The 
consequent rationalization of operating ca- 
pacity, from 11 to 7 refractory, research, 
and development laboratories, and manu- 
facturing facilities did not affect the Manu- 
al Works, which produced clay and/or 
alumina-silicate refractories, including 
bricks, shapes, and monolithics. 

The Yorkshire Brick Co.’s Stairfoot, 
Barnsley, plant fired its natural gas tunnel 
kilns with inexpensive methane gas recov- 
ered and piped from the company’s nearby 
quarries." The quarries were once reposito- 
ries for residential refuse. The plant’s ca- 
pacity was doubled to 20 million bricks per 
year to take advantage of the unexpected 
windfall. 

Yugoslavia.—Reserves of high-quality 
ceramic-grade clay, estimated at 20 million 

tons, have been found near Arandjelovac in 
Serbia.” The deposit was reportedly the 
nation's richest, and plans were under way 
to develop a 70,000-ton-per-year mining op- 
eration. 

Zambia.—The Development Bank of 
Zambia and others financed a ceramic 
whiteware factory in Kitwe scheduled to 
use indigenous clays. The new plant, 
equipped with state-of-the-art West German 
and British manufacturing machinery, will 
produce sanitary ware, tiles, and tableware 
for local consumption. 


290 MINERALS YEARBOOK, 1985 


Table 27.—Kaolin: World production, by country' 


(Thousand short tona) 
Country? 1981 1982 1988 1984? 1985* 
Algeria? ose oe oe eu ceu LE 17 19 89 9 
, . 14 80 160 100 110 
!! 188 168 127 215 140 
Austria (markestableiↄdʒ: ee 85 92 110 95 
a hac gi ae ger, ⁵ ↄ 11 6 8 8 35 
ee, . eek eee ee 60 58 66 16 16 
Brasil (beneficiated) __.________________-__ _. 518 544 463 686 550 
Bulgari oue eme 888 244 261 261 285 
Burundi... L- comcs ee 2 2 4 2 35 
Ch ee es cuc cd EE 68 23 45 54 354 
/ soso obec ———um—»i- f -== 898 943 840 1,084 990 
Costa Ric cue ee ee erm rus 1 1 *1 wl 1 
Caechoslovakia 222222222222 222-2 560 581 180 7386 120 
Denmark „„ 111 26 111 "15 17 
Ecuador. 22 oc h y . 8 8 5 1 1 2 
| oes oe hoe eee a ewes 85 55 110 r e190 130 
Ethiopia (including Eritrea). ))) 10 *10 *10 wl NA 
EE NE Sk ge ð d 8 865 T888 819 838 340 
Democrati lic (omarketabieif -— 220 230 220 190 190 
Germany, Federal of (marketable) |... ....- 523 500 448 452 465 
UMEN ss oe ee m A S us 185 49 67 101 80 
Hong Kong- dl ee uias mI RM E ad Rm E. 9 ( 1 e 10 
Hunger 58 50 41 43 332 
India: 
Selable, crude A 482 585 610 555 570 
Procegged. „ 126 *110 *110 128 120 
Indome ai 89 85 66 92 90 
Imt occ e d ͤͤ ³ 110 121 110 110 110 
ren J) ⁵ en E, 41 18 930 90 30 
JVP 82 e 58 65 T 
Kaolinitic earth... 84 82 28 28 329 
JEDER EE 232 218 254 248 3245 
SE J 5 69 184 10 dé 
Malaysia Cf ˙¼ 4 à K K 90 
Mokio uum ee Se A eee 229 190 179 14 165 
Mozambique 2:5 - - h 0 e e 0 C) 
New Zeeland... . „ 54 26 26 28 275 
Be JJ uu E ee 1 1 1 (* e 
Jö ³·—ͥ — ee 145 T49 14 20 6 
Paraguay Eeer 77 61 50 55 55 
JJ GaguY y E 7 7 7 7 7 
Poland Loon ec Ee d puce nds ies ua oe 148 51 5 55 56 
CCC%§é˙ fd z bee 58 56 68 96 3102 
Romani 452 452 452 452 452 
South Africa, Republic ol l «4 165 141 143 150 3142 
Spain (marketable) `... 872 763 782 921 940 
Sri Lanka `.. ------------ -m 8 9 9 12 11 
Dwed nomiue A a a a S aS (ed () 0 m 
Taivan nuuc owe eee eect ĩ 8 100 96 118 88 85 
er ew hee eee ee ees *1 wl 1 2 2 
Thallánd © ee Km hu ˙² ee eee 16 2 40 65 60 
Türkiye od 0 49 50 Zen 61 60 
MER ROW Oe PCE 8 2,900 2,900 8,100 8,200 
United Kingdom `... 72 897 72,669 8,000 8,274 8,300 
United Stats --------------------—— 7,660 6,362 7,208 1,953 37,793 
Venezuela -_-------------------------- 12 72 12 24 25 
TEE 1 1 1 1 1 
AT TEE 248 1261 230 T *930 240 
Zimbabwe `... -.---- T 5 8 1 1 1 
TOI coL ee er mac deer tr vie ee 721,821 720.264 21,478 23,354 23,861 


*Estimated. Preliminary. "Revised. NA Not available. 
VTable includes data available through July 15, 1986. 


?In addition to the countries listed, China, Lebanon, and Suriname also produced kaolin, but information is inadequate 
to make reliable estimates of output levels. Guatemala and Morocco each produced lees than 500 tona in each of the years 


covered by this tab 


figure. 
Data for year ending June 30 of that stated. 
* Revised to not available. 
*[ncludes kaolinitic clay. 
"Lees than 1/2 unit. 


*Includes crude and washed kaolin and refractory clays not further described. 


*Kaolin sold or used by producers. 
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Table 28.—Bentonite: World production, by country' 


(Short tons) 

Country* 1981 1982 1988 19849 1985* 
Er Nc Ce ge 38,600 88,600 83,100 *21,000 27,600 
MESI CS Boca Te ius as cde EA 135,274 135,864 149,439 89,876 99.000 
MEME I LA LS . 18,635 32,201 33,098 r *33.000 83,000 
"ELCH EL Sgt HEP TH, IR AERE AM 183,356 180,845 141,857 221,592 220,000 
St ben didis a sgh S id a SC 2,554 1,613 895 799 4783 
o. EN. EN AAA 51,809 14,330 35,300 85,715 151,800 
PPP AMES EE EVE m 5.700 5.700 2.800 3,300 3,300 
QUUD FRUTOS OESTE IE SOUS IDE €3,307 3,627 3,407 3,831 3,500 
. EE E N Sr e t Le pore 343,862 343,921 159,421 851,600 827,000 
DERE EE E EE? 2,750 2.750 8.800 "9,400 9,400 
Nee E fen tee 88,770 93,624 87,972 10,122 165,966 
UP cc. ĩ EA 11,000 12,100 11,000 11,000 11,000 
Israel (metabentonite) _....____________ 13,868 13,228 7,538 6,501 13,200 
GL eene Ee ee 805,340 261.200 $27,183 840,600 *329,600 
00 Wo CPU. e TR a CP DERE 564,141 533,993 486,034 452,034 *508,749 
ete 243,009 203,837 249,276 294,700 280,000 
"` "Geet ²⁰¹ WA SE 3,203 4,913 4,515 2.012 2,200 
CB RR a a CPC PIOS 789 1,604 276 446 440 
New Zealand (processed) |... ~~ 2,078 6,856 2,158 7,075 2,200 
PF. . DR Rg 11.155 71,572 735 1,918 1,800 
"we *33 620 34.200 34.200 35.300 35,300 
(EE EERE A 6,092 5,149 739 41,715 1,800 
F ĩ³˙¹*¹—2e³5ꝛ a m a i 55,000 77,000 77,000 77,000 83,000 
CCC CLP a Urt 194,000 7193,000 "195,000 198,000 198,000 
South Africa, Republic o... 48,912 33,981 43,573 46,131 447,910 
ES RUE n oan Eer D Oe «= "121,250 123,800 90,976 80,008 80,000 
1 AAV 55 55 *83 83 83 
DEM Deg ieee oe hud a idi cas 33,827 €34,200 €34,200 30,967 31,000 
— — RES EE EE 4,947,000 3.244.800 2,886,870 3,437,940 3,195,280 
. ²˙ A Ce ERN S 86,424 94,236 69,552 r . 77,000 
` au chan Sv ieee eo dos hr rere. 17 545,380 — '5,732,799 5,777,003 6,493,265 6,245,411 


ein e FFP the U.S.S.R, and Y via 
peerage dece eee nek rod aedes iu . Sege ergin 


(Short tons) 

Country? 1981 1982 1988 1984° 1985* 
TTT 15 600 *5,600 "5 33 3 
— E e we um um R 
Australia (attapulgite ))) 2 16,280 *16,500 *16,500 16,500 
TEE 057 6,000 

xum td 8 72,081 885 50,872 50,000 
ett) 21,771 27,121 80,187 $6,824 87,000 
(attapuigita) -..--------------- er a 15 110644 127315 128.000 
Africa, Republic ei. „„ 478 $ ' 
Spain (attapulgite) Eeer 52,059 47,318 49,228 49,000 
Kingdom... --------------- £208,927 132 211,644 315,261 330,000 
United States® ꝶů ö 1,655,854 1,682,655 1,911,684 1,899,145 — *2,069,281 
— eee ee Se 12 079,311 '2,175,619 2,417,782 2,528,251 2,708,681 
Preludes planned fuller’ but for which 
cen t 
o ëng ee counto some Jule 18.1886. produce a earth, w no 
earth in tine pest and may continue o do so. but output iz not reportat asd valable Information inadequate t9 male 
Con d 
- may ue 80 output a inadequate to 


ure poet SH 
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TECHNOLOGY 


The Bureau of Mines published the re- 
sults of research on the pressure leaching of 
alumina from a typical dried air-floated and 
raw Georgia kaolin with hydrochloric acid 
(HCl). The optimized pressure leaching 
step with excess 20-weight-percent HCl at 
temperatures that ranged from 150° C to 
225° C successfully extracted greater than 
90% alumina when digestion periods were 2 
hours or less. These data indicate a choice 
in optimizing a flowheet for alumina from 
kaolin between a faster reaction at 200° C 
or a slower reaction at a lower pressure at 
175° C. 

An article described the working plan, 
clay extraction and preparation, and the 
chamotte* burning process.* The work 
highlighted the equipment, specifications, 
chemistry, and flowsheets used in the man- 
ufacturing process for chamottes. The solid- 
state transformation of refractory-grade ka- 
olins or chamottes into mullitic grogs was 
studied extensively by nuclear magnetic 
resonance." The kaolin was shown to de- 
compose sequentially to a metakaolinite 
with expulsion of excess silica into a high- 
temperature crystalline form upon cooling. 
The metakaolinite was successfully indexed 
as a gamma-alumina structure formed sim- 
ply by removal of hydroxy] ions from the 
kaolin structure by a diffusion controlled 
mechanism. The mullites, which are end 
products of these solid-state reactions, are 
widely used in refractory bricks and special- 
ty products. The results of this basic re- 
search should allow refractories manufac- 
turers to better control the physical proper- 
ties of the mullite component to optimize 
the density of these high-performance re- 
fractories. 

The relationship between pore structure 
and building brick durability was investi- 
gated.** The research showed that bricks of 
poor durability had a preponderance of 
pores smaller than 1 micrometer, while 
acceptable brick exhibited a majority of its 
pores larger than 2 micrometers. The re- 
sults indicated that controlling raw materi- 
al composition and forming methods were 
the key to superior brick production. Grog 
and shales larger than 200 mesh were 
recommended over pure clay, and soft- 
molding brick processes, over extrusion 
techniques. In addition, poor brick durabili- 
ty was successfully correlated with low 
porosity surfaces and/or high porosity inte- 


riors. This work should permit the brick 
industry to more readily predict the dura- 
bility of material without resorting to the 
more cumbersome and tedious testing pro- 
cedures presently used. The primary types 
of clay refractories, fire clay, semisilica, 
high-alumina, insulating and ladle bricks, 
and monolithic shapes used by the metal 
casting industry were the topic of a review 
article.* A feature of the article included 
definitions and specifications for each type 
of refractory commonly used and correlates 
its foundry applications with selected physi- 
cal and chemical properties. Future refrac- 
tory trends in metal casting processes, 
prompted by technological changes, were 
also discussed in detail. 

The relationship of geologic setting and 
kaolin characteristics to filler applications 
were the topics of a technical oral presen- 
tation.“ The paper pointed out the differ- 
ences between the kaolins of the Georgia- 
South Carolina Clay Belt and correlated 
them with selected filler applications. A 
brief description of the general schemes for 
kaolin beneficiation in the Clay Belt were 
also outlined. The air-float and water- 
washed beneficiation processes along with 
individual details of the classification, 
leaching, filtration, drying, and slurry prep- 
aration steps were singled out for more 
elaborate treatment. Of particular interest 
was the correlation between the processing 
scheme practiced and the physical and 
chemical properties of the clay types en- 
countered. 

A comprehensive technical work was 
published on the acid-activated montmoril- 
lonite, hectorite, organoclay, saponite, 
white bentonite, sepiolite, attapulgite, and 
halloysite clays.“ The work consisted of a 
series of articles on each of these individual 
clay types or products falling into the all- 
encompassing bentonite and fuller’s earth 
categories. A special feature of each of the 
segments was the worldwide treatment 
afforded each clay as to individual compe- 
nies and the major markets served. Another 
highlight of the report was the chemistry of 
the acid-activated and organoclay proceases, 
the gelling mechanism, and the overall 
theory of organoclays. 

A paper on the mineral requirements of 
the paint manufacturers in the United 
States, Western Europe, and Japan for in- 
creasing specialized grade materials was 


CLAYS 


published.“ The article also discusses the 
physiochemistry of the three main paint 
components: pigment, medium (binder or 
vehicle), and solvent (thinner). Special ta- 
bles listing typical analyses for paint-grade 
kaolins as well as the current British stand- 
ard specifications for china clay extenders 
in paint were also included. An interesting 
feature of the article was the wide range of 
substitutability possible in pigment materi- 
al, chiefly to reduce raw material cost yet 
still capable of producing a high-quality 
competitive paint. A similar treatment was 
afforded the ish cosmetics industry.“ A 
highlight of this work was the technical 
specifications for face powder kaolins and 
special clays used for their absorbing, de- 
greasing, thixotropic, and pigment suspend- 
ing properties. 

An indepth review was published of ma- 
jor industrial minerals, including bentonite, 
kaolin, plastic, and fire clays currently 

and 


geology, mineralogy, output, production 
flowsheets, and consumption of clays by the 
refractory, ceramics, and 

paper industries. A special feature of the 
article was a table on major areas of appli- 
cation for crude, acid, alkaline, and organ- 
ically activated bentonites. A similar detail- 
ed treatment, but more heavily oriented 
toward a geological, mining, and mineralog- 
ical approach, was afforded sepiolite, atta- 
pulgite, bentonite, and to a lesser degree, 
kaolin, produced in Spain.“ Tables high- 
lighting the physical and chemical proper- 
ties of foundry and gelling bentonite and 
The geological and production aspects of 
the industrial minerals exploited in Cali- 
fornia,“ Greece," and Jamaica“ were 
discussed briefly in other publications. The 
California paper stressed the mining and 
production flowsheets for the Ione kaolin, 
and the Greek work targeted bentonite and 
kaolin production. A highlight of the latter 
paper was an industrial minerals map of 
Greece depicting the major bentonite and 
kaolin production sites, largely on the is- 
lands of Lesvos and Milos. The Jamaican 
article, strictly an overview, dealt with its 
16 major clay deposits, mostly bentonite, 
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kaolin, and common clays, currently under 
investigation for ceramic and structural 
product manuf: 

A concise but detailed study was publish- 
ed on the Chinese bentonite industry.“ The 
article provides the latest information on 
Chinese bentonite resources, exploration, 
mining, processing, physical and chemical 
properties, research, and marketing goals. 
The Chinese bentonites are widely distrib- 
uted, and China is regarded as being second 
only to the United States as a worldwide 
source of bentonites. Chinese specifications 
with typical analyses for sodium-exchanged, 
organoclad drilling-mud and foundry and 
iron ore grades of bentonite were listed and 
discussed. A case study of the Heishen open 
pit and Linan underground mines was in- 
cluded. 

The differences in thermal decomposition 
of sodium and calcium bentonites and their 
role in foundry sand bonding during metal 
casting was explored in detail.“ The data 
showed that bentonite burnout and con- 
sumption depend on many factors, but the 
sand-to-metal ratio, cooling time, and time 
of casting in the mold emerge as the most 
important. U.S. sodium and calcium ben- 
tonites were used throughout the investiga- 
tion as the reference base and/or standard 
material. The technical rationale for the 
past, present, and future industrial miner- 
als usage by the U.S. drilling industry was 
published. The paper stressed the indis- 
pensability of bentonite gelling clays and 
new material usages, such as organoclays, 
in oil-based drilling fluids. 

The preferential absorption of selected 
environmental toxins, such as dioxin, by 
modified smectites or bentonites was re- 
searched. The investigation showed that 
smectites bound to hydroxy aluminum are 
three times more effective than activated 
carbon, at present the most commonly used 
industrial sorbent, in removing toxins from 
industrial effluents. Future work should 
lead to additional modified clay systems 
capable of removing other chemical pollu- 
tions and toxins. Clays have the advantage 
of being a relatively inexpensive commodity 
compared with other industrial and reagent 
chemicals, such as activated carbon and 
zeolites. 
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Cobalt 


By William S. Kirk! 


Domestic cobalt consumption decreased 
after 2 consecutive years of increases. Ap- 
parent consumption dropped to 15.7 million 
pounds. A realignment of the international 
cobalt market occurred during 1985, precip- 
itated when a Canadian cobalt producer 
concluded a contract for the purchase of 
feedstock that had formerly been refined in 
the United States. This action resulted in 
the closure of the sole domestic cobalt 


per pound. There was no domestic mine pro- 
duction of cobalt. 

Domestic Data Coverage.—Domestic con- 
sumption data for cobalt are developed by 
the Bureau of Mines from two voluntary 
surveys of U.S. operations. Of the 695 oper- 
ations to which a survey request was sent, 
551 responded, representing 97% of the 
reported consumption shown in tables 1, 3, 
and 4. The remainder was estimated by 


refinery. The spot price for electrolytic co- contacting industry sources. 
balt fell slightly, ending the year at $11.10 
Table 1.—Salient cobalt statistics 
(Thousand pounds of contained cobalt unless otherwise specified) 
1981 1982 1983 1984 1985 
United States: 
Consumption, reports 11, 9,468 11,819 12,944 13,541 
Imports for consumption ~- ---------- 15,594 12,870 17,221 25,310 17,708 
Stocks, Dec. 31: 
Consumer 1.411 1.327 1.441 1.868 1,181 
Processor 1.519 1.161 1,366 1,781 1,557 
Price: Metal, per pound $17.26-$25.00 1$8 56 185.76 1810.40 1811.48 
World: Production 67,790 54,062 P71,788 79, 734 
*Estimated. Preliminary. Revised. 
1Based on weighted average of Metals Week prices. 
on estimated recovered cobalt. 
Legislation and Government Pro- into two tiers. Tier I would contain materi- 


grams.—In an effort to develop emergency 
response plans to avert accidents, such as 
the catastrophic leak in Bhopal, India, the 
Environmental Protection Agency compiled 
a list of 402 acutely toxic substances.* The 
list contained an extensive compilation of 
the substances’ properties and health ef- 
fects. Cobalt and cobalt carbonyl were in- 
cluded among the substances listed. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 


als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, 
cobalt would be categorized in tier I with a 
goal of 22.57 million pounds of cobalt and in 
tier II with a goal of 6 million pounds of 
cobalt. At yearend, this proposal was under 
consideration by the Congress. The Depart- 
ment of Defense Authorization Act, 1986 
(Public Law 99-145), signed by the President 
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on November 8, 1985, stated that no action 
may be taken before October 1, 1986, to 
implement or administer any reduction in a 
stockpile goal in effect on October 1, 1984. 
Cobalt-rich manganese crusts on Pacific 
sea mounts were not likely to be developed 
in the near future, according to the Office of 
Strategic and International Minerals, Min- 
erals Management Service (MMS), US. 
Department of the Interior. The MMS an- 
nounced that an Environmental Impact 
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Statement (EIS) would be prepared for a 
proposed lease sale of the crusts within the 
Hawaiian Exclusive Economic Zone. After 
hearings and preparation of the final EIS, 
the Secretary of the Interior was to decide 
whether to proceed with a lease sale, which 
was scheduled to take place in middle to 
late 1987. Following the lease sale, detailed 
exploration was to take at least 5 years, and 
the construction of mining equipment and 
onshore facilities, another 5 or 10 years. 


DOMESTIC PRODUCTION 


The sole domestic cobalt refinery, at 
Braithwaite, LA, closed late in 1985 because 
it lost its source of raw material. AMAX 
Nickel Inc., owner and operator of the 
refinery, terminated the supply contract for 
the nickel-copper-cobalt matte, which had 
been produced in Botswana. The matte had 
accounted for about two-thirds of the refin- 
ery's feedstock, the remainder having come 
from the Agnew Mine in Australia, owned 
jointly by Seltrust Holdings Ltd. and Mount 
Isa Mines Ltd. AMAX Nickel was reported 
to be hoping for an expansion of production 
capacity at the Agnew Mine or an arrange- 
ment to have the Agnew matte toll refined. 
According to reports, however, the Agnew 
Mine was unable to increase its capacity 
owing to ground control problems, and 


AMAX Nickel was unable to interest other 
refiners in a toll-refining agreement. With 
insufficient raw material to support eco- 
nomical operations, AMAX Nickel was 
forced to close the refinery and withdraw 
from the cobalt market. 

Following the completion of a feasibility 
study, Hall Chemical Co., Wickliffe, OH, 
awarded a preliminary engineering con- 
tract for its catalyst reclamation project. 
The project was expected to result in the 
construction of a plant, located in the gulf 
coast region, to be operational in late 1988. 
The facility was to process spent catalysts 
and have the capacity to recycle 650,000 
pounds of cobalt per year to be used in the 
chemical industry. 


Table 2.—U.S. cobalt products! produced and shipped by refiners and processors 


(Thousand pounds) 
1984 1985 
Production Shipments Production Shipments 
Gross Cobalt Gross Cobalt Gross Cobalt Gross Cobalt 
weight content weight content weight content weight content 
Driers (organic com- 
pounds) NA 1.329 NA 1.300 NA 1.188 NA 1.190 
Hydrate (hydroxide). _ _ _ NA 1,228 NA 1,219 NA 1,149 NA 1,014 
Salts? (inorganic com- 
pounds) / NA 942 NA 803 NA 539 NA 612 
Total! NA 3,449 NA 3.322 NA 2.876 NA 2.816 
NA Not available. 
Figures on oxide withheld to avoid disclosing company proprietary data. 
Various salts combined to avoid disclosing company proprietary data. 
CONSUMPTION AND USES 


Cobalt consumption decreased after 2 con- 
secutive years of increases. Although re- 
ported consumption was 13.5 million 
pounds in 1985, compared with 12.9 million 
pounds in 1984, the increase was due to 
improved statistical coverage. Apparent 


consumption, calculated from net imports, 
secondary production, and changes in in- 
dustry and Government stocks, decreased to 
15.7 million pounds, 12% less than that of 
1984. The decline in consumption was due 
to weakened demand and inventory adjust- 
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ments. In the last half of the year, consum- 
ers became aware that prices were declin- 
ing and would continue to do so. They 
therefore began reducing their inventory 
levels. 

Of the 6.4 million pounds of cobalt re- 
ported to have been consumed in the pro- 
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duction of superalloys during the year, 
approximately 500,000 pounds was used in 
the production of prosthetic devices (surgi- 
cal implants), according to industry sources. 
In general, alloys used in prosthetic devices 
and superalloys were produced in the same 
facilities. 


Table 3.—U.S. consumption of cobalt, by end use 
(Thousand pounds of contained cobalt) 


End use 1984 1985 
Steel: 
III ³ĩ ⁰¹ð’wwvv W W 
High-strength, low-alloy |... -- - —---------------------—---—----—---- W W 
Stainless and heat-resisting _.._.-__...-__. ~~ --~----~~--_---_-+----- 74 61 
e fd EEN 353 203 
Superalloys =... ir es ee ee oe Bee eee et eee Sea 4,766 6,380 
Alloys (excludes alloy steels and superalloys): 
Cutting and wear-resistant materials'_____ _______.__._.._.--------------- 831 1,017 
Ariel y y ee eee er 2,209 1,455 
Nonferrous alloyhnunun sss eee 176 3w 
Welding materials (structural and hard-facing) |... - --------------------— 399 W 
FRllllllll.]7?;⁊0˙090 ee Deere S 15 9122 
Mill products made from metal powder é «44 „„ W W 
Chemical and ceramic uses: 
//J%%%%%GTTT¶ÿPTMTPPUPUw.k..;.õö[ð5( dss uel cte. 1,296 1,258 
Drier in paints or related usage... ~- -= 1,258 1,139 
Feed or nutritive additive ` - —- - - - - - ----------------—---——----—----— 58 46 
Glass decolorizer_ ⁵³ĩ—¹. eee ee eke mE ed aem eel . 8 41 42 
Ground coat ò ⅛ ù⁵ů ä “ DL Dm LL 617 124 
vee Eege 417 401 
Miscellaneous and unspecified __________-_-__ ~~ --~-_-_-~~--~------- 434 698 
Total EE 12,944 13,541 
W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified.” 
‘Cemented and sintered carbides and cast carbide dies or parts. 
Mata not comparable to 1984 data because of change in end-use definitions. 
Table 4.—U.S. consumption of cobalt, by form 
(Thousand pounds of contained cobalt) 
Form 1981 1982 1983 1984 1985 
Chemica] compounds (organic and inorganic) 
other OX — ⁰ ee RS 2,421 1,643 2,297 2,226 1,850 
Metal -oen ß m ee Se 7,450 055 7,165 8,746 9,463 
Oxide 2.5 ume ut ee Se eR 557 132 938 915 1,201 
Purchased crap 972 871 723 879 897 
Pesci ok 8 280 167 196 178 130 
Total ti eat Sg he ce a a 11,680 9,468 11,319 12,944 13,541 
PRICES 


The listed producer price for cobalt cath- 
odes remained at $12.50 per pound, un- 
changed since 1982, but was no longer the 
price standard. The spot price for cathodes 
began the year at $11.50 per pound, reached 
$11.60 at midyear, and then experienced 


a slight and gradual deterioration, ending 
the year at $11.10. The decline occurred 
despite the efforts of Zaire to maintain an 
unofficial producer price of $11.70 per 
pound. 


298 MINERALS YEARBOOK, 1985 
Table 5.—Yearend published prices of 
cobalt materials' 

(Dollars per pound) 
Material 1983 1984 1985 
Cobalt: | 
Fine powder 10.11 716.63 19.05 
Powder 6.91 13.24 14.87 
Cobalt oxide: 
Ceramic grade (70% cobalt) 4.90 9.40 9.98 
Ceramic-grade (72% cobalt) 5.04 9.66 10.26 
Metallurgical-grade (76% 
cobalt 5.21 9.86 10.61 
"Revised. 
Metals Week 


*See table 1 for cathode price. 


FOREIGN TRADE 


Exports of unwrought cobalt metal and 
waste and scrap totaled 911,000 pounds, 
gross weight, with an estimated 643,000 
pounds cobalt content, valued at $7.3 mil- 
lion. These exports were shipped to 35 
countries, with the following, in descending 
order, receiving the largest quantities: Bel- 
gium, Japan, the Federal Republic of Ger- 
many, and the United Kingdom. Exports of 
wrought metal totaled 487,000 pounds, gross 
weight, valued at $8.2 million. Of the 20 


countries to which cobalt was shipped, the 
major recipients, in descending order, were 
France, Canada, Japan, and the United 
Kingdom. 

Imports of cobalt metal originating in 
south-central Africa, that is, imports from 
Belgium- Luxembourg (Zairian origin), 
Zaire, and Zambia, represented 56% of total 
cobalt imports compared with 71% from 
that area in 1984. 


Table 6.—U.S. imports for consumption of cobalt, by class 
(Thousand pounds and thousand dollars) 


Gross weight... 


*Estimated. 
!Includes unwrought metal and waste and scrap. 
* Contained cobalt in nickel-copper and nickel matte. 


Source: Bureau of the Census. 


1983 1984 1985 
—— M P 15,853 23,316 16,613 
3 15.853 23.316 16.613 
5 $110,076 $202,954 $181,379 
eer ee 403 706 246 
FFF 298 522 182 
3 81.813 85.285 82.258 
E REN 1,671 2,284 1,413 
worse uia 502 685 424 
555 $2,244 $5,371 $4,431 
ee ene d 568 787 489 
S $1,969 $4,793 $3,356 
8 17.221 25.310 17.708 
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Table 8.—U.S. import duties for cobalt 
tam TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Alloys, unvwroughgnt 632.86 9% ad valorem ... 9% ad valorem _ _ 45% ad valorem. 
Chemical compounds: 
TE 418.60 1.2 cents per 1.2 cents per 20 cents per 
Jeune. und. pound: 
f 418.62 1.4% ad valorem 1.4% ad valorem 6.5% ad valorem. 
Tr GERNE Ee 418.68 4.7% ad valorem _ 4.2% ad valorem _ 30% ad valorem. 
Ore and concentrate 601.18 Free FP Free. 
Unwrought metal, waste and crap 2. 2250. 5 SE Do. 
WORLD REVIEW 


After months of negotiations, Falcon- 
bridge Ltd., a Canadian cobalt and nickel 
producer, concluded a supply contract that 
resulted in a number of changes in the 
structure of the international cobalt mar- 
ket. Under the terms of the 14-year con- 
tract, Falconbridge was to receive the ma- 
jority of the matte produced by Bamang- 
wato Concessions Ltd. (BCL), of Botswana. 
All of the matte had formerly been sent to 
the AMAX Nickel refinery in Louisiana. 
BCL reportedly requested termination of 
the AMAX Nickel contract because of a 
better offer from Falconbridge. The termi- 
nation of the contract was subject to a 
number of conditions, which included com- 
pensation for the balance of AMAX Nickel’s 
15-year contract and for the cost of the 
impending closure of the Port Nickel refin- 
ery. BCL matte production was estimated at 
57,000 short tons per year. The contract 
provided for the delivery to the Faconbridge 
refinery at Kristiansand, Norway, of about 
7,000 tons of matte in 1985, 23,000 tons in 
1986, and its full allocation of 46,000 tons 
annually from 1987 until the end of the 
contract in 1999. The feedstock was to en- 
able Falconbridge to produce an additional 
500,000 pounds of cobalt in 1987 without 
installing additional cobalt production ca- 
pacity. The Falconbridge acquisition of the 
BCL matte was due, in part, to a decision by 
Western Platinum Ltd. (Wesplat) of the 
Republic of South Africa, to build its own 
refinery, ending the practice of sending its 
matte to Kristiansand for refining. The 
remaining 11,000 tons per year of BCL 
matte was slated to go to Rio Tinto (Zim- 
babwe) Ltd. (RTZ). After the failure of 
AMAX Nickel to have the Agnew matte 
refined elsewhere, AMAX Nickel agreed to 
terms for the sale of the majority of the 
matte to Sherritt Gordon Mines Ltd., of 
Canada, and to Outokumpu Oy, of Fin- 
land. At yearend, the disposition of the 


remainder of the Agnew matte was unde- 
cided. 

Albania.—The scheduled completion of a 
nickel-cobalt refinery was delayed owing to 
a scarcity of hydroelectric power. The facil- 
ity, which was being built by Salzgitter 
Industriebau GmbH, a West German firm, 
was expected to be completed in late 1986. 

Brazil.—Cia. Niquel Tocantins increased 
its cobalt production by signing a toll refin- 
ing agreement with Falconbridge. The 2- 
year contract called for approximately 
120,000 pounds of cobalt per year to be 
refined at Falconbridge’s refinery in Nor- 
way. Tocantins’ 1985 cobalt production ca- 
pacity of about 150,000 pounds per year at 
its Sao Paulo facility was expected to double 
by yearend 1986. 

Canada.—Inco Ltd. and Falconbridge, 
both cobalt and nickel producers, intro- 
duced voluntary early retirement plans in 
an effort to reduce the number of workers 
at their Sudbury, Ontario, facilities. In addi- 
tion, Inco was trying to reduce the work 
force at its Port Colborne, Ontario, refinery. 

The Ontario, Canada, Provincial govern- 
ment issued new standards on the emissions 
of sulfur dioxide, which were to have a 
direct impact on two cobalt and nickel 
producers. Inco was told to achieve a target 
level at its Sudbury operation of 292,000 
tons per year of sulfur dioxide by reducing 
emissions by 77% from its 1980 base level of 
1.273 million tons per year. Inco had al- 
ready reduced its emissions by adjusting its 
feed to reduce the quantity of sulfur con- 
tained in the concentrates. Any further 
reduction, however, was to come from the 
use of new technology and was expected to 
be expensive. Falconbridge was to be re- 
quired to reduce sulfur dioxide emissions 
from its Sudbury operations from the then- 
current 170,000 tons per year to 110,000 
tons per year. 

Inco improved its productivity by 13% in 
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1985, following a record 18% increase in 
1984. The improvements were effected 
through the increased application of safer, 
less costly bulk mining methods and the use 
of automated mining equipment. This was 
combined with productivity improvements 
at smelting and refining facilities. In 1985, 
nearly 80% of the company’s Canadian ore 
was mined using bulk methods, up from 
70% in 1984. 

China.—The West German firm of 
Friedrich Krupp GmbH secured a contract 
to oversee the construction of a cobalt and 
tungsten refinery. The contract called for 
Krupp to supply machinery, equipment, 
and technical expertise in a 2-year project 
to result in a plant to produce cobalt, 
tungsten carbide, and cemented carbides. 

Cuba.—The Punta Gorda nickel-cobalt 
plant was reported to have come on-stream 
in December. 

Indonesia.—Ni-Cal Technology Ltd., Ber- 
muda, was reported to have signed a letter 
of intent with P.T. Aneka Tambang (An- 
tam), an Indonesian mining company, to 
form a joint venture to build and operate a 
nickel and cobalt processing plant in In- 
donesia. Construction of the facility, which 
was expected to be able to process 850 tons 
of ore per day, was to begin after a 4-month 
feasibility study was completed. The facility 
was to be located at Antam's laterite min- 
ing operation on Gebe Island. 

Japan.—In September, Japanese cobalt 
refinery production returned to a near- 
capacity level of over 5 million pounds per 
year for the first time since 1982. The 
production increase came after resumption 
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of shipments of Philippine feed material to 
Sumitomo Metal Mining Co. Ltd. 

South Africa, Republic of.—Wesplat 
commissioned a refinery at its Marikana 
Mine, near Rustenburg. The new refinery 
was built to recover cobalt, nickel, and 
copper from matte that had previously been 
sent to the Falconbridge refinery in Norway 
for treatment. 

U.S.S.R.—A 5-year plan was concluded in 
Norilsk, which resulted in a 50% increase 
in cobalt production. Plans called for an 
additional increase in production in 1986. 

Zaire.—Because of its efforts to maintain 
an unofficial producer price of $11.70 per 
pound for electrolytic cobalt, Zaire lost a 
significant share of the U.S. market in 1985. 
Based solely on imports, after quantities of 
cobalt destined for the National Defense 
Stockpile were subtracted, its share fell 
from 54% in 1984 to 27% in 1985. These 
figures, however, did not tell the whole 
story as there were strong indications that 
Zaire had built up its cobalt stocks in the 
United States in late 1984 in anticipation of 
transportation difficulties in the Republic of 
South Africa. Most of the cobalt exported by 
Zaire during the year was shipped through 
the Republic of South Africa. 

Zimbabwe.—RTZ, having secured a 
source of feedstock from BCL, reopened its 
Eiffel Flats refinery in August. The facility 
had been closed since September 1983, when 
its supply of matte from BCL was diverted 
to the United States. RTZ was said to have 
reached an agreement on a 10-year contract 
to toll refine the BCL matte for Centametall 
AH, a Swiss trading company. 


302 MINERALS YEARBOOK, 1985 
Table 9.—Cobalt: World production, by country' 
(Short tons) 
Mine output, metal content? Metal* 
Country 
1981 1982 1983 1984P 1985* 1981 1982 1983 1984» 1985* 
Albania® ...... 380 7440 1500 T660 660 im = ae ER ne 
Australia ______ 1,616 1631 71,300 71, 200 920 ee SE om aan ee 
Botswana 280 280 246 250 250 M - EM "- 2 
Brazil Sud NA NA 131 *110 110 Ba ne aS t 
Canada? _______ 2,293 1,548 1,747 2,563 3,390 1,003 1,148 1,460 2,340 2,950 
Cuba 1.890 1,650 1.787 1.540 1.570 bia n A ML e T 
Fnlsand 1,140 11,142 1.141 1.050 1.050 1,355 1,604 1,709 1,602 1,600 
Francde xe pum Se SES Sieg, 493 626 144 128 120 
Germany, Federal 
Republic off _ _ _ um ime — P ES 160 160 110 110 110 
Japan n Së dE e -. 2669 2141 1.512 998  *1.408 
Morocco 870 873 ae SES ay Ges SEN Gate er n 
New Caledonia’ _ _ _ 407 299 1 440 r 550 750 zis e» Roe. = " 
Norway SR Si Es ma _. 1,592 1,094 969 1313 91,804 
Philippines 1.099 1514 182 71 977 Dec nee xe WC ice 
U.S. S. R. T 2.400 2,500 2,600 2,900 3,000 4,700 4,700 5,000 5,200 5,300 
United Kingdom? 2 E EM TR ER 800 400 a P == 
United States TES d 2 EN E 441 508 103 MN MA 
lee 17, 000 12.460 €12,460 19,800 22,000 12,262 76,035 5,908 10.003 11.000 
Zambia 4,410 3.584 3,527 5,090 5,090 2,833  '2,696 2,653 3,828 3,830 
Zimbabwe ______ 4110 4110 785 e85 100 104 109 81 86 95 
Total 33.895 721,031 26,146 35,869 89,867 28,418 "21,221 19,649 25,608 28,217 
*Estimated. Preliminary. Revised. NA Not available. 


Table includes data available through May 20, 1984. 

Figures represent recoverable cobalt content. In addition to the countries listed, Bulgaria, Cyprus, the German 
Democratic Republic, Greece, Indonesia, Poland, the Republic of South Africa, Spain, and Uganda are known to produce 
ores that contain cobalt. Information is inadequate for reliable estimates of output levels. Other copper and/or nickel 
producing nations may also produce ores containing cobalt as a byproduct component, but recovery is small or nil. 

Figures represent elemental cobalt recovered unless otherwise specified. In addition to the countries listed, 
Czechoslovakia presumably recovers cobalt from Cuban nickel-cobalt oxide and oxide sinter; Belgium has imported small 
quantities of partly processed materials containing cobalt, but available information is i uate to form reliable 
estimates of cobalt recovery from these materials. 

*Australia does not produce cobalt. Figures represent quantities of cobalt contained in intermediate metallurgical 
roducts (cobalt oxide and nickel-cobalt sulfide). Actual quantities of cobalt mined were as follows in short tons: 1981— 
,199; 1982—3,911; 1983— 2,521; 1984— 2,340; and 1985— 1,500 (estimated). 

Actual output is not reported. Data for mine output are total cobalt content of all products derived from ores of 
Canadian origin, including cobalt oxide shipped to the United Kingdom for further processing, and nickel-copper-cobalt 
matte shipped to Norway for further processing. Data presented for metal output represent the output within ada of 
metallic It from ores of both Canadian and non-Canadian origin. 

*Reported figure. 

"Series reflects recovery from ores and intermediate metallurgical products exported from New Caledonia to France, 
Japan, and the United States. The estimated content of total ores mined is as follows, in short tons: 1981—3,074; 1982— 
2,351; 1983—3,465; 1984—4,513; and 1985— 5,720. 

* Estimated recovery of elemental cobalt in refined cobalt oxides and salts from intermediate metallurgical products 
originating in Canada. 


TECHNOLOGY 


The Bureau of Mines performed a study 
of the availability of cobalt from market 
economy countries. In the study, 97 deposits 
were analyzed. Since nearly all cobalt pro- 
duced has been a byproduct of nickel or 
copper mining, the report focused on those 
deposits. Àn economic evaluation on each 
deposit was performed to determine its cost 
of production. The study also investigated 
the interrelationship of the recovery of 
cobalt and its associated primary commodi- 
ties. 

Bureau researchers continued to improve 
the process for recovering cobalt from cop- 
per leach solutions.* Among the most signif- 
icant improvements were the reduction of 


the quantity of resin needed to process the 
solution, thereby significantly reducing the 
cost of the process, and the determination 
that solvent extraction procedures produced 
a cobalt sulfate solution suitable for electro- 
winning. The latter procedures remove im- 
purities from the column eluates, separate 
the cobalt and nickel, and concentrate the 
cobalt. 

Other Bureau research was conducted on 
the recovery of cobalt from Missouri lead 
ores.* These ores were unique because they 
represented the only domestic cobalt re- 
source being mined. Froth flotation was 
used to recover up to 65% of the cobalt 
found in the mill tailings. 


COBALT 


The Bureau of Mines developed and dem- 
onstrated an ammoniacal sulfate leach 
proceas for recovering cobalt and nickel 
from low-grade domestic laterite deposits. 
One of the process steps, solvent extraction 
of cobalt, required the reduction of hexam- 
mine complexes of cobalt in an ammoniacal 
leach solution. Previously, this reduction 
had been accomplished using cobalt metal 
shot in a column. The Bureau published a 
report that presented experimental results 
and an economic evaluation comparing two 
alternate techniques with that of the shot 
column.* The first technique involved an 
electrolytic reduction cell with an extended 
surface area cathode, whereas the second 
was direct electrowinning from purified 
leach solution using a cell with a fluid bed 
cathode. The second alternative elimi- 
nated the conventional solvent extraction- 
electrowinning steps. The operating costs 
for the shot column, and for electrolytic 
reduction, were essential the same at 
$0.54 per pound of cobalt, but the cost of 
direct electrowinning, $1.71 per pound of 
cobalt, eliminated this method as a practi- 
cal alternative. 

Another Bureau report described an in- 
vestigation of factors influencing economic 
viability of a proposed system to mine and 
process cobalt-containing manganese nod- 
ules.’ The report concluded that nodule 
mining would not take place in the fore- 
seeable future without significant financial 
incentives, such as price supports, tax 
breaks, or other programs. 

The Bureau published a summary of a 5- 
year program sponsored by the National 
Oceanic and Atmospheric Administration 
to devise waste management plans for the 
processing of cobalt-containing manganese 
nodules.* Studies included summary de- 
scriptions of Pacific manganese nodules, 
process options and flowsheets, methods for 
characterizing nodules and their tailings, 
and results of analyses of laboratory and 
pilot plant generated tailings. 

The Bureau of Mines investigated the 
effects of hydrogen chloride concentration 
and solution temperature on the solubility 
and crystal form of the chlorides of cobalt, 
nickel, and manganese when sparged with 
hydrogen chloride gas.* The results of the 
investigation indicated an improved method 
for the separation of cobalt and nickel when 
dissolved in hydrochloric acid. 

As part of its continuing efforts to reduce 
U.S. dependence on foreign sources for stra- 
tegic and critical metals, the Bureau of 
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Mines conducted research to improve the 
technology for recycling these metals from 
superalloy scrap. The research approach 
involved melting and casting superalloy 
scrap into soluble anodes for electrodepoei- 
tion of cobalt-nickel alloys by controlled 
potential electrolysis. A report was publish- 
ed that described the experimental results 
from tests using alloy anodes cast from 
elemental cobalt, nickel, and chromium, the 
main constituents of superalloys.'? Baseline 
data from these tests were necessary before 
detailed experiments could be conducted on 
the more complex superalloy scrap. The 
report assessed the effects of cathode poten- 
tial and other parameters on cathode cur- 
rent efficiency, alloy deposit composition, 
and deposition potential at a cell tempera- 
ture of 55* C. 

The Bureau investigated technology for 
increasing the leaching rate of bulk super- 
alloy scrap by treating the scrap with zinc." 
The treatment, which included dissolution 
of the superalloy scrap in molten zinc and 
vacuum distillation of the zinc for reuse, 
dramatically increased the leaching rate of 
superalloys. 

Another metals recycling report was 
published that described Bureau of Mines 
work on the rapid identification and sorting 
of scrap metals. One method, spark test- 
ing, was the examination of the pattern of 
sparks that resulted when a metal or alloy 
was ground on an abrasive wheel. The 
primary drawback of using this method was 
the necessity for having experienced sort- 
ers. Researchers developed a spectropho- 
tometric method that eliminated the need 
for experienced sorters. The spectra of sev- 
eral alloys were measured, and it was found 
that the differences in the spectra were 
sufficient for identification. 

A fundamental study was performed on 
the recovery of cobalt and nickel from 
iron-based molten alloys by using metal 
solvents. The aim of this work was to 
investigate a pyrometallurgical process to 
directly recover cobalt and nickel from iron- 
based alloys. The results indicated that 
further research would be required to find 
better solvent systems for the recovery of 
cobalt. 

Bureau of Mines research was conducted 
to devise a procedure for treating cobalt- 
nickel-bearing magnetic alloy grinding 
sludge to remove detrimental contaminants 
and produce an alloy powder for recycling. 
The technique consisted of (1) treatment 
with solvent to remove most of the sulfur 
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and oil contamination, (2) drying, light 
grinding, sizing, and magnetic separation of 
a major portion of the grinding media, (3) 
controlled oxidation roasting to remove re- 
sidual sulfur and carbon, and (4) hydrogen 
reduction of metal oxides. Overall, more 
than 95% of the cobalt, nickel, and iron and 
about 90% of the copper were recovered 
from the starting sludge sample. 

AMAX Inc., Greenwich, CT, announced 
that Compagnie Francaise d'Entreprises 
Minières, Metallurgiques et, d'Invest- 
issements (COFREMMI), its joint venture 
with Bureau de Recherches Géologiques et 
Miniéres (BRGM), the state-owned mining 
company of France, had made available for 
licensing a high-pressure, sulfuric acid 
leach process it had developed for the treat- 
ment of lateritic ores.'^ The COFREMMI 
process, a result of 15 years of extractive 
research and development, was said to pro- 
vide high cobalt and nickel recovery rates 
and low energy and operating costs, while 
being highly adaptable to a variety of ores. 

A process was developed at Argonne Na- 
tional Laboratory for recovering cobalt and 
manganese from low- and medium-grade 
ores.'* [n tests, which focused on deep sea 
nodules, the method extracted nearly 100% 
of metal values. The process was based on 
ores being dissolved into a molten salt 
mixture from which metals were separated 
by electrolysis. By proper control of the 
electrolysis potential, cobalt was able to be 
selectively recovered even in the presence of 
manganese and other transition elements. 


Physical scientist, Division of Ferrous Metals. 

U.S. Environmental Protection Agency. Chemical 
Emergency Preparedness Program, Interim Guidance. 
Nov. 1985, 161 pp. 
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Columbium and Tantalum 


By Larry D. Cunningham? 


The United States remained dependent 
on imports of columbium and tantalum, and 
there continued to be no domestic produc- 
tion of either mineral. Imports for consump- 
tion of tantalum mineral concentrates de- 
clined significantly, reflecting a lack of 
activity in the spot tantalite market. Tanta- 
lum materials purchased for the National 
Defense Stockpile (NDS) in 1983 and 1984 
were delivered and recorded as stockpile 
inventory. In July, the President approved 
Nationa! Security Council (NSC) recommen- 
dations for modernizing the stockpile. The 
Cabot Corp. announced a restructuring 
program to sell all its metals businesses 
except columbium and tantalum, while 
Mallinckrodt Inc. was forced to shut down 
its columbium and tantalum operations at 
yearend. 

Domestic production and value of ferroco- 
lumbium continued downward. However, 
reported consumption of columbium in the 


form of ferrocolumbium and nickel colum- 
bium continued to increase. Columbium 
consumption in all steel end-use categories 
increased, with the exception of stainless 
and heat-resisting steels. Demand for tanta- 
lum was down. Reported shipments of tan- 
talum products and sales of tantalum capac- 
itors were both down significantly compar- 
ed with levels in 1984. 

Columbium price quotations were un- 
changed, whereas most tantalum concen- 
trates and related product prices declined. 
Net trade for both columbium and tantalum 
continued at a deficit, with overall trade 
volume and value lower than in 1984 for 
both exports and imports. 

Thailand’s chemical plant for the process- 
ing of columbium- and tantalum-bearing 
materials was completed. Commercial pro- 
duction is planned to begin by yearend 1986. 

Domestic Data Coverage.—Domestic pro- 
duction data for ferrocolumbium are devel- 


Table 1.—Salient columbium statistics 


(Thousand pounds of columbium content unless otherwise specified) 


1981 1982 1983 1984 1985 
United States: 
Mine production of columbium-tantalum concentrates_ _ MI (#) 2a i La 
Releases from Government excess ess Ss pres S m" ae 
Consumption of raw materials 1,983 *1,900 €1,900 *2.600 *2,000 
Production of ferrocolumbium - 1,145 W W W W 
Consumption of primary products: Ferrocolumbium and 
nickel columbium®? -2-2-2222 6,244 3,679 4,318 5,399 5,968 
Exports: Columbium metal, compounds, alloys 
(gross weight) 150 100 100 100 120 
Imports for consumption: 
Mineral concentrates? . |. 1,050 580 730 1,790 1,290 
Columbium metal and columbium-beering alloys _ (?) 9 2 10 1 
Ferrocolumbium* _____________________ 6,068 3,128 2,539 4,343 4,699 
EE EE ah oe 842 636 W W W 
World: Production of columbium-tantalum concentrates® _ _ 732.662 23,334 118.911 132,833 35,044 
Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. 


! A small unreported quantity was produced. 
ess than 1/2 unit. 


*Receipts reported by consumers; includes synthetic concentrates and other miscellaneous materials, after deduction of 


reshipments. 
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Table 2.—Salient tantaium statistics 
(Thousand pounds of tantalum content unless otherwise specified) 
1981 1982 1983 1984 1985 
United States: 
Mine production of columbium-tantalum concentrates. .. (1) ($) es a SNC 
Releases from Government excess es sh M eMe SÉ 
Consumption of raw materials 1,269 *800 *900 *1,300 *1,100 
Exports: 
Tantalum ores and concentrates (gross weight)? _ _ _ 99 235 121 156 122 
Tantalum metal, compounds, alloys (gross weight) 205 382 211 352 369 
Tantalum and tantalum alloy powder (gross weight) 97 115 123 151 143 
Imports for consumption: 
Mineral concentrates? _______________--- 650 440 180 680 230 
Tantalum metal and tantalum-bearing alloys? _ _ _ - 34 71 27 47 32 
, . co ig et ee 896 576 w w W 
World: Production of columbium-tantalum concentrates? _ _ T889 1627 1690 7739 622 


*Estimated. 
1A small unreported quantity was produced. 
"Includes reexports. 

«Exclusive of waste and scrap. 


TRevised. W Withheld to avoid disclosing company proprietary data. 


‘Receipts reported by consumers; includes synthetic concentrates and other miscellaneous materials, after deduction of 


reshipments. 


Table 3.—Columbium and tantalum materials in Government inventories 
as of December 31, 1985 


(Thousand pounds of columbium or tantalum content) 


Material 


Columbium: 


Concentrates __-_____-__~__~__-__-_ eee 
Carbide powder ` ~- --- ----------------—---- 
Ferrocolumbium `... 
Metal- z- mom AAA ⁊ y 


M ⁰·˙ AAA es a eee f qst 


National Defense Stockpile 
Stockpite inventory 
g Stockpile- ^ Nonstockpile- Total 
grade grade 

5,600 1,150 869 12.019 
100 21 M 21 

oe 598 333 193] 

aes 45 Se 145 

() 1,814 1,202 8,016 
8,400 1,686 1,152 32,838 
— 29 dee 329 

D 201 (o 3201 

65 1.916 1.152 3.068 


! All surplus ferrocolumbium and columbium metal were used to offset the columbium concentrates shortfall. Total 


offset was 1,148,000 pounds 


*Overall goals, on a recoverable basis, total 4,850,000 pounds for the columbium metal group and 7,160,000 pounds for 


the brach metal group. 
„All su 

offset was m 1.000 pounds 
4100 pounds. 


1000 carbide powder and tantalum metal were used to offset the tantalum minerals shortfall. Total 


Sources: Federal Emergency Management Agency and General Services Administration. 


oped by the Bureau of Mines from the 
annual voluntary survey for ferroalloys. Of 
the four domestic operations to which a 
survey request was sent, all responded, 
representing 100% of total production. Fer- 
rocolumbium production data are withheld 
for 1985 to avoid disclosing company propri- 
etary data. 

Legislation and Government Pro- 
grams.—The NDS goals for columbium and 
tantalum materials did not change during 
1985, and there were no sales of stockpile 


excess materials. 

Tantalum materials contracted for in late 
1983 and early 1984 from Greenbushes Tin 
Ltd. of Australia and Amalgamet Inc., Bo- 
mar Resources Inc., and Norore Corp., all of 
New York City, were delivered and record- 
ed as stockpile inventory. Yearend stockpile 
inventories reported by the General Ser- 
vices Administration for contained colum- 
bium in concentrates and contained tanta- 
lum in minerals increased by 213,000 
pounds and 254,000 pounds, respectively. 


COLUMBIUM AND TANTALUM 


However, inventories of all columbium and 
tantalum materials continued to be consid- 
erably below their respective goals. As of 
yearend 1985, under the offset concept, 57% 
of the goal for columbium concentrates and 
37% of the goal for tantalum minerals were 
met. 

On July 8, the President approved NSC 
recommendations for modernizing the stra- 
tegic and critical materials stockpile. Under 
the NSC proposal, the stockpile would be 
structured into two tiers. Tier I would 
contain materials required by military, in- 
dustrial, and essential civilian users during 
a military conflict, which would not be 
available from domestic or reliable foreign 
sources. Tier II would contain a supplemen- 
tal reserve of material already possessed by 
the Government. According to the NSC 
guidelines, columbium would be categorized 
in tier II, and the goal would be 2,532,419 
pounds of columbium metal equivalent. 
Tantalum would be categorized in both tier 
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I and tier II, and the goals would be 
1,900,700 pounds and 1,023,320 pounds of 
tantalum metal equivalent, respectively. At 
yearend this proposal was under consider- 
ation by the Congress. The Department of 
Defense Authorization Act, 1986 (Public 
Law 99-145), signed by the President on 
November 8, 1985, stated that no action 
may be taken before October 1, 1986, to 
implement or administer any reduction in a 
stockpile goal in effect on October 1, 1984. 

The Environmental Protection Agency 
(EPA) set final rules for new effluent limita- 
tion guidelines and standards for nonfer- 
rous metals-forming operations, based on 
"best practicable, available, and demon- 
strated technologies to handle industry's 
waste water discharges.“ The standards 
include columbium and tantalum and are 
part of EPA's water pollution effluent 
guidelines program under the Clean Water 
Act for Nonferrous Metals. 


DOMESTIC PRODUCTION 


No domestic mineral concentrate produc- 
tion of either columbium or tantalum was 
reported in 1985. 

Domestic production of ferrocolumbium, 
expressed as contained columbium, was vir- 
tually unchanged from that of 1984. Value 
of ferrocolumbium production decreased to 
an estimated $8.7 million. The regular 
grade continued to be favored over the high- 
purity grade of ferrocolumbium in the pro- 
duction mix. 

Tantalum content of raw materials con- 
sumed by processors in the production of 
tantalum compounds and metals was esti- 
mated to be about 1.1 million pounds, down 
by 15% from that of 1984. In addition, 
consumption of purchased metal scrap was 
estimated at about 90,000 pounds. 

On December 19, Avon Products Inc. 
entered into an agreement with Interna- 
tional Minerals & Chemical Corp. (IMC) to 
sell its Mallinckrodt Div. for $675 million in 
cash? The acquistion of Mallinckrodt, a 
specialty chemicals and medical product 
operation, reportedly reflects IMC's long- 
term strategy to broaden the company's 
sources of income beyond its agricultural 
businesses. At midyear, Mallinckrodt an- 
nounced that its long-term tolling arrange- 


ment with NRC Inc., for conversion of 
columbium- and tantalum-bearing concen- 
trates, would not be renewed in 1986.“ By 
yearend, Mallinckrodt, representing about 
one-third of the domestic tantalum raw 
material processing capacity, was forced to 
shut down its columbium and tantalum 
operations because alternative tolling ar- 
rangements could not be made. 

On October 16, Cabot announced a re- 
structuring program to sel] those assets not 
meeting the company’s financial perfor- 
mance objectives.“ Cabot’s divestiture pro- 
gram includes the Westar natural gas 
transmission system and all specialty met- 
als businesses, except columbium and tanta- 
lum. The businesses to be sold represent 
approximately 40% of Cabot's total assets. 
The company estimates that its work force 
will be reduced by more than 2,000 employ- 
ees worldwide upon completion of the pro- 
gram. With metal interest directed at co- 
lumbium and tantalum, Cabot commission- 
ed a $3 million vacuum-arc remelt furnace 
in Boyertown, PA. The furnace will be used 
to produce columbium metal and columbi- 
um-titanium alloys for superconducting 
magnet applications.* 
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Table 4.—Major domestic columbium and tantalum processing and producing 
companies in 1985 
Products?! 
Company Plant location Metal? Carbide Oxide ane FeCb 
sa and/or 
Cb Ta œ Ta cd Ta Nicd 
Avon Erodocis Ine; Mallinckrodt St. Louis. Mu SH a2 Gage Me A A DIN 
nc. 
Cabot Corr ertown, PA X X gs DS X X Ses 
Di. — bk 3 FPR cus SN ENT = Tt s 2 X 
Fansteel Ine ele eg OK ` X a M X X ES? 
EE North Chicago, IL . e X SC = e 2i ES 
Kennametal Ine Latrobe, PA ES X X X E Las ENG 
MetallurgInc:ShieldalloyCorp.. ^ Newfield, do- e X X X 7E Ge X 
NRC In.“ “ Newton, MAMA X X A M NM "S 29 
IG ——“ͤ“n˙«.gs Robesonia, PA Ee E HE "T E 2e X 
Teledyne Inc.: Teledyne Wah Albany, OR ____- X X EN E X Sa X 
y Div. 


X Indicates processor and/or producer. 


Cd, columbium; Ta, tantalum; FeCb, ferrocolumbium; NiCb, nickel columbium. 


"Includes miscellaneous alloys. 


3Jointly owned by Omicron Holdings Inc. and Hermann C. Starck Berlin. 


CONSUMPTION, USES, AND STOCKS 


Overall reported consumption of colum- 
bium as ferrocolumbium and nickel colum- 
bium rose by about 10%. Consumption of 
columbium by the steelmaking industry 
rose 1596, with the percent of columbium 
usage per ton of steel produced rising sig- 
nificantly. Consumption in all steel end-use 
categories was up with the exception of the 
stainless and heat-resisting steels, which 
experienced a slight decline. Consumption 
in carbon steels increased by about 18%. 
Columbium demand in high-strength low- 
alloy steels advanced by more than 20%, 
exceeding 2 million pounds for the first time 
since 1981. 

A new columbium-base nitrided alloy, 
Tribocor 532N (columbium, 30% titani- 
um, 2096 tungsten), was developed and test- 
marketed by Fansteel Inc. Potential appli- 
cations for the alloy, which is suited for 
environments involving both wear and cor- 
rosion, include seal rings, oil well compo- 
nents, and spray nozzles. 

Demand for columbium in superalloys 
declined slightly. However, that portion 
used in the form of nickel columbium con- 
tinued to rise by nearly 30% to about 
540,000 pounds, reflecting a shift from ferro- 
columbium. 

The Tantalum Producers Association re- 
ported a 21% drop in overall tantalum 
shipments, indicating a sizable decline in 
the market. The powder and anodes and the 
mill products segments, both of which had 
experienced significant growth in 1984, de- 
clined 31% and 19%, respectively. Tanta- 


lum for cemented carbide dropped 30%. The 
decline was influenced by the growing popu- 
larity of coated cutting tools and by the 
automotive industry’s emphasis on produc- 
ing smaller vehicles, which required less 
metal cutting. Tantalum as an alloy addi- 
tive was the only major segment in the 
market showing an increase and was up by 
63%. Tantalum continues to be a key and 
important strengthening element in many 
nickel- and cobalt-base alloys for applica- 
tion in the growing market for heat-re- 
sisting turbine engine components. 

Factory sales of tantalum capacitors 
decreased by over 20% from the record-high 
sales in 1984, as reported by the Electronic 
Industries Association. Weak demand for 
tantalum capacitor products by computer 
manufacturers, a major market, contrib- 
uted substantially to the decline. The 
Sprague Electric Co. conducted a restruc- 
turing program throughout 1985 to reduce 
the number of capacitor manufacturing fa- 
cilities through consolidation of operations. 
The consolidation was done without a sig- 
nificant loss of production capacity, but 
employment at the company was reduced 
by 26%.’ 

Data on aggregate stocks of columbium 
and tantalum raw materials reported by 
processors for 1985 were incomplete at the 
time this chapter was prepared. Aggregate 
stocks of columbium and tantalum raw 
materials reported by processors for year- 
end 1984 were both down from yearend 
1983, by about 30% for columbium and by 
more than 15% for tantalum. 
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Table 5.—Reported shipments of columbium and tantalum materials 
(Pounds of metal content) 
Material 1984 1985 
Columbium products: 
Compounds including alloys- - hh «„ „„ „„ 941,820 1,149,120 
Metal including worked produetn geeks 529,800 04,300 
Enc le eue MU aca Lic D C DE CM 88 500 300 
Total ccce ee M ⁰¹ww : ccu M S 1,472,120 1,553,720 
Tantalum products: 
Oxides and salts _ oA puce EE LEE. 45,900 : 
Alloy additive -.—— ee EE ðA 86,630 141,420 
F ne ese he uuu LEO dr E A E 128,760 90,210 
Powder and gh ----------------------------------------= 665,500 459,800 
Ingot (unworked consolidated metalll!“““vUBds”mttßnðnũł t 9,500 220 
Mill producti. —— uou cc Seem ⁵ y 8 307,600 249,500 
Ge RE 39,000 48,300 
J177/ uo e arts UL) ⁰ y E E et 888 1,282,890 1,017,050 


Source: Tantalum Producers Association. 


Table 6.—Consumption, by end use, and industry stocks of ferrocolumbium and nickel 


columbium in the United States 
(Pounds of contained columbium? 
1984 1985 
END USE 
Steel: 
ʒ᷑!f:: ⁊r7ð q¼]˙0 ] yd ri EL y eee D Lei e 1,463,886 1,720,554 
Stainless and heat-resisting _— - - —- - --- - - - ~~ „„ eee 951,020 935, 
Füllalloy EE OH 
High-strength low-alloy `... 1,693,464 2,056,532 
17; cC (°) 3) 
Unspecified- lcs A A 27,941 29,135 
Toal eo eee iere n dU fe ˙¹w K e e 4,136,311 4,141,690 
c ²˙*V ?]«: ᷑ ß y 1,240,295 1,204,249 
Alloys (excluding alloy steels and superalloys)))0ʒů „„ 19,454 21,716 
iscellaneous and unspecified _. —-—-----------------------—-----—---—- 3,185 E 
Total consumption esse tee umm e dE 5,399,245 5,967,655 
STOCKS 
Dec. 31: 
Consumer. ell a eat a ae eed Sn art ss Ta ah W W 
Producer o un e eA ññ t W W 
/// ³o. ³ðW0W3 950,000 720,000 


*Estimated. W Withheld to avoid disclosing company proprietary data; included in “Total stocks.” 
Includes columbium and tantalum in ferrotantalum-columbium, if any. 


Small: included with Steel: High-strength low-alloy.” 
*Included with “Steel: Unspecified.” 
*Ferrocolumbium only. 


PRICES 


The published price for pyrochlore con- 
centrates and columbium products based on 
them remained unchanged. The price for 
pyrochlore concentrates produced in Cana- 
da by Niobec Inc. continued to be quoted at 
$3.25 per pound of contained columbium 
pentoxide (Cb. O.), f.o.b. Canada, for concen- 
trates with a nominal content of 57% to 


62% Cb,O,. The quoted spot price of reg- 
ular-grade ferrocolumbium containing 63% 
to 68% columbium was unchanged at $5.66 
per pound of contained columbium, f.o.b. 
Shipping point. 

The quoted price for high-purity ferroco- 
lumbium containing 62% to 68% colum- 
bium continued to be quoted at $17.70 per 
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pound of contained columbium, f.o.b. ship- 
ping point. Nickel columbium was reported 
to be selling at yearend for about $17 per 
pound of contained columbium. Columbium 
metal price quotes were unchanged. The 
spot price for columbite concentrates was 
quoted throughout 1985 at $3.50 to $5.00 per 
pound of combined Cb,O; and tantalum 
pentoxide (Ta:0,), c.i.f. U.S. ports. Colum- 
bium oxide was reported to be selling at 
yearend for about $6.50 per pound of oxide. 
Most tantalum prices were down from the 
1984 levels, with declining tantalum de- 
mand and a continued lack of activity in the 
spot tantalite market. The published spot 
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market price for tantalite, on the basis of 
60% combined Cb, O, and Ta, Os, c.i.f. U.S. 
ports, which began the year at $30 to $32, 
was being quoted at $21 to $24.50 by year- 
end, the lowest level since first quarter 
1983. The contract price for tantalite from 
the Canadian tantalum producer, Tantalum 
Mining Corp. of Canada Ltd. (Tanco), quoted 
at $45 per pound of contained pentoxide 
since midyear 1982, was suspended on Janu- 
ary 1, 1985. The contract price for tantalite 
from Greenbushes in Australia remained 
suspended. Published price quotations for 
tantalum mill products and powders were 
down by 10% and 20%, respectively. 


FOREIGN TRADE 


Net trade continued at a deficit for both 
columbium and tantalum. Overall trade 
volume and value were down for both ex- 
ports and imports. Exports and reexports of 
tantalum ores and concentrates declined 
more than 20% to 122,000 pounds valued at 
$1.6 million. The Federal Republic of Ger- 
many, Japan, and the Netherlands were the 
principal recipients, altogether accounting 
for more than 90% of total shipments. 

Imports of raw materials and intermedi- 
ates, such as ferrocolumbium and colum- 
bium oxide, exceeded the value of exports of 
upgraded forms of columbium and tanta- 
lum by almost 80%. Imports for consump- 
tion from Brazil included more than 7.2 
million pounds of ferrocolumbium with a 
value of $22.2 million, compared with 6.7 
million pounds valued at $20.4 million in 
1984. Imports for consumption of colum- 
bium oxide from Brazil decreased almost 
40% to 725,000 pounds valued at $4.7 mil- 
lion, compared with 1.2 million pounds 
valued at $6.8 million in 1984. Contained in 
the columbium oxide imports were an esti- 
mated 14,000 pounds of tantalum oxide 
valued at about $500,000. Estimated data 
for the ferrocolumbium and the columbium 


and tantalum oxides were based on entries 


in nonspecific classes. 
Imports for consumption of columbium 


mineral concentrates declined more than 
10% from those of 1984. Average unit value 
for overall imports declined by 1396 owing 
to the low unit value of concentrates from 
Canada, which was about 97% of the total 
quantity. Imports were estimated to contain 
1.18 million pounds of columbium and 5,000 
pounds of tantalum at an average grade of 
approximately 59% Cb;,O, and less than 1% 
(CEA 

Imports for consumption of tantalum 
mineral concentrates declined by 66% with 
average unit value up nearly 30%. Brazil 
and Canada were the leading sources, to- 
gether providing about 6096 of both total 
quantity and total value. The imports from 
Canada were the first since 1982. Imports 
were estimated to contain 225,000 pounds of 
tantalum and 110,000 pounds of columbium 
at an average grade of approximately 3896 
Ta-: O, and 21% Cb. Os. 

Data on receipts of raw materials other 
than mineral concentrates were incomplete. 

Imports for consumption of columbium- 
tantalum synthetic concentrates totaled 
2.75 million pounds with a value of $18.4 
million, compared with 2.1 million pounds 
valued at $13.7 million in 1984. These fig- 
ures are not included in the salient statis- 
tics data. 
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Table 7.—U.8. foreign trade in columbium and tantalum metal and alloys, by class 
(Thousand pounds, gross weight, and thousand dollars) 


Class 1984 1985 Principal destinations 
Quantity Value Quantity Value and sources, 1985 
EXPORTS' 
Tantalum: 
Powder... .--- 151 17,026 148 15,188 France 42, $4,505; Japan 26, 
894; West Germany 23, 
Eis United Kingdom 16, 
Un t and waste and scrap- 252 10,050 805 — 8304 West Germany 185, $5,180; Ja, 
ow "E 18, ee Belgium- noun 
Wrough 100 13.090 6 — 9339 J E 517512888. Un ea 
) ene e y Un 
9, $2,690; West Germany fi, 
71.514 France 8, $1,247. 
Total loc else ‘XX 40,175 XX 32.831 West Germany $9,500; Ja 
$6,800; France $6,300; nited 
Kingdom $4,600. 
IMPORTS FOR CONSUMPTION 
Columbium: 
Ferrocolumbium® |... 6,682 20,445 1,229 22,207 All from Brazil. 
N metal and waste and 
eee See Ee 7 125 8 81 oot 1, $21; West Ger- 
Unwrought allo 13 103 (3) 2 All from Japan. 
Wrought ____._..-..__-- wl 85 wl 8 All from West Germany 
Tantalum: 
Waste and crab 183 4,866 184 5,518 va Germany 51, ien ms 
Netherland m- em — 
Unwrought metall «„ 46 4.878 22 2.282 West Germ Germany 16, $1, TS ee 
United K Kingdom 1, 
Unwrought alloy 1 83 NOR Ene 
Wrought ..------------- 1 48 9 254 West Germany 1, $200; Belgium- 
Luxembourg 8, $49. 
Total... ----------- XX 80,688 Xx 30,302 874800, ln West Germany 
$1,300; Netherlands $900.* 


17 N ag re * ports of metal and ali wrought and wrought f. luding and scrap, 
or um, data on ex in un t t form, inc waste are 
pot available; included in besket category. im 


Less than 1/2 unit. 
Sources: Bureau of the Census and Bureau of Mines. 


Table 8.—U.8. imports for consumption of columbium mineral concentrates, by country 
(Thousand pounds and thousand dollars) 


1984 1985 

J//CùÜ m] E do ee wr a A oe eee 481 x 
. TE kd ꝛ x fm 2.498 4,089 2,821 4,496 
Germany, Federal Republic oll 1 88 did bs 
TT TEE 105 163 8 a 
Neil... ⁵é3[]« es eee uut eg 8 
JJC... ne eee vr cc ⁰¶ðyd y 495 1,284 77 177 

Total Cocos eL «i¹ ðꝛ ˙ ⁵ↄ 3,265 6,030 2,899 4,618 


‘Presumably country of transshipment rather than original source. 
*Data may not add to totals shown because of independent rounding. 


Sources: Bureau of the Census and Bureau of Mines. 
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Table 9.— U.S. imports for consumption of tantalum mineral concentrates, by country 
(Thousand pounds and thousand dollars) 


1984 1985 
Country Gross Gross 

weight Value weight Value 

z d ß p rA cma. E ee a Be 371 4,799 150 2,032 
Belgium-Luxembourg! „„ 21 81 E M 
BFF ³ðV/ſͥũͤ ⁵ ⁵ yd Ad ĩð 8 351 3.895 231 2.262 
77 ys Lu ³ ˙ Wr. 8 E 233 2,553 
China —-5c4no o oo n iu LU .::. 8 22 203 Kee Es 
French Guiana? ` iesse eure eme cM e 3 36 5 70 
Germany, Federal Republic oft -—---------------------------— 205 2,291 oa GA 
Guyane: Leet EE 8 1 14 2 T 
JJJÜ˙Ü¹ um! eet 341 1.354 ae vun 
Meindl ee ie a Lee 16 152 P oe 
Netherlands?! ² -> 105 701 ae eM 
ff ³⁰a ecu ncc 11 ENS E 
E EE 37 753 t Ee? 
Singapore! EE 10 122 en S3 
South Africa, Republicof eee 7 32 um 
Sj dn WWW M TEE UE 71 672 res IS 
I ³ÜÜ“˙ x mm! 8 93 M 
Thailand esate es c Lu e Pe LA õydʒdm dy EE 609 3,688 60 502 
KE EE £ "A 1 20 
//üãüü(öu ꝗ⁵ E Mr M ae ee e Re 11 79 57 748 
)AöĩÉ ca eie Be ͤk ee ĩͤ·K A ee 2,199 19,054 737 8,187 


1Presumably country of transshipment rather than original source. 
2Data may not add to totals shown because of independent rounding. 


Sources: Bureau of the Census and Bureau of Mines. 


WORLD REVIEW 


World production data on columbium and 
tantalum minerals exclude columbium or 
tantalum recovered from contemporary and 
old tin slags and from struverite. Tantalum 
contained in tin slags produced in 1981, 
1982, 1983, 1984, and 1985 was, in thousand 
pounds, 1,006, 991, 1,049, 828, and 877, 
respectively, according to data from the 
Tantalum International Study Center. 

Regarding the shipments of old tin slags, 
data continued to be available only from 
Thailand. Shipments of old tin slags from 
Thailand in 1985 declined significantly to 22 
short tons from 326 tons in 1984. Data were 
not available as to the disposition of the 
shipments. 

Developments having potential effects on 
tantalum supply included the International 
Tin Council’s (ITC) announcement on Octo- 
ber 24 that the council could no longer 
continue its tin price support operations 
owing to lack of funds. The announcement 
precipitated immediate suspension of trad- 
ing on world tin markets, including the 
London Metal Exchange (LME) and the 
Kuala Lumpur Tin Market (KLTM). Tin 
trading on the LME and KLTM remained 
suspended throughout the year. In Thai- 
land, the Government announced new regu- 
lations aimed at curtailing tin smuggling 


activities. The regulations include a ban on 
transporting tin at night; trucks and boats 
transporting tin must display identification 
of the cargo; and tin storage sheds must 
have concrete walls and floors to resist 
break-ins. Also, at midyear, the Govern- 
ment reportedly approved a 50% reduction 
in the Thai tin miner’s share of the coun- 
try’s contributions to the ITC. 
Australia.—For the fiscal year (FY) end- 
ing June 30, 1985, Greenbushes reported 
that throughput and production of tin and 
tantalum from soft-rock reserves exceeded 
budgeted estimates. Ore treated was 2.1 
million tons in FY 1985, compared with 1.7 
million tons in FY 1984. Tantalum oxide 
produced in concentrates increased to 
136,800 pounds from 105,200 pounds in FY 
1984. The chemical plant, which operated 
on one shift thoughout the year, produced 
40,100 pounds of Ta, O, and 4,400 pounds of 
Cb. O, in FY 1985. Tantalum oxide contain- 
ed in tantalum glass production was 74,100 
pounds in FY 1985, compared with 48,500 
pounds in FY 1984, with the tin smelter 
operating at about 50% of available capaci- 
ty. The tailings retreatment plant remained 
inactive, but construction was under way 
to reestablish the plant with an annual 
throughput capacity of 1.6 million tons of 
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tailings. Annual production capacity was 
planned to be 110 tons of tin and about 
100,000 pounds of Ta,O,. The company ex- 
pected the operation to be its lowest cost 
tantalite source, with cost of production 
estimated at less than $20 per pound of 
Ta- O. 

Greenbushes completed construction of 
the primary crushing station for its hard- 
rock project, which was commissioned using 
spodumene ore. Installed ore capacity ex- 
ceeds 1.1 million tons per year. However, 
the secondary crushing and concentrating 
sections of the project were deferred until 
June 1986. When they are completed, initial 
ore production capacity is envisioned at 
330,000 tons of ore annually, producing 
about 220,000 pounds of Ta.O, and 310 tons 
of tin. 

Developments reflecting Greenbushes’ 
long-term view of its role in the tantalum 
market included the start of production of 
tantalum carbide in the United States un- 
der a conversion agreement with Metal- 
lurgical Technologies Inc., Houston, TX. 
Greenbushes was also converting tantalite 
concentrates to potassium tantalum fluo- 
ride and metallurgical-grade tantalum pow- 
der through tolling arrangements with 
Métallurgie Hoboken-Overpelt SA in Bel- 
gium. 

Talmina Trading Co. reportedly started 
production at its new Finnis River tantalite 
mine located about 30 miles southwest of 
Darwin, Northern Territory. Production 
was planned at about 24,000 pounds of 
tantalum concentrates per month. Measur- 
ed ore reserves were estimated at 161,000 
tons containing 3.26 pounds of Ta- O, per ton 
of ore. 

Brazil.— Early in the year, Cia. Brasileira 
de Metalurgia e Minercào announced plans 
to invest $4.6 million in equipment to start 
production of columbium metal at its plant 
in Araxa. Commercial production was envi- 
sioned by midyear 1988 at an initial annual 
capacity of about 100 tons of columbium 
metal. 

Brazil's total production and exports of 
all columbium products were 19,500 tons 
and 16,000 tons, respectively, compared 
with the 1984 totals of 18,200 tons and 
14,600 tons, respectively. 

Canada.—As reported by Teck Corp. for 
the FY ending September 30, production of 
columbium oxide at the Niobec Mine at St. 
Honoré, Quebec, declined 7% to 6.4 million 
pounds, compared with 6.9 million pounds 
in 1984. The operation was closed by a 
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strike from October 19 through November 
24, 1984. Ore milled was down 9% to 745,724 
tons from 819,772 tons in 1984, as the mill 
operated on the average at 2,382 tons per 
day, compared with 2,240 tons per day in 
1984. Recovery improved to 61.7% from 
60% in 1984, with the Cb. O, grade of ore 
declining to 0.70% from 0.71% in 1984. Ore 
reserves increased at the end of the FY to 
about 12.1 million tons assaying 0.66% 
Cb.0;, compared with 11.8 million tons 
assaying 0.66% Cb. O, in FY 1984. 

The Hudson Bay Mining and Smelting 
Co. Ltd. reported that tantalum mining and 
milling activity, which ceased at yearend 
1982 at the Bernic Lake, Manitoba, oper- 
ation of Tanco, remained suspended. Sales 
of tantalum concentrates by Tanco during 
1985 were made from existing stockpiles. 
However, the tantalum mill! continued to be 
used as a pilot plant to produce lithium- 
containing spodumene concentrates. Based 
on favorable pilot test results, Tanco started 
construction of a full-scale spodumene plant 
at the Bernic Lake site. The plant, estimat- 
ed to cost $6.4 million, was planned for 
completion by yearend 1986, to serve the 
specialty ceramics and glass markets. 

Japan.—Production of ferrocolumbium 
rose to 1,182 tons from the 1,136 tons 
produced in 1984. Columbium ore imported 
for ferrocolumbium production declined to 
2,176 tons, with Canada providing almost 
90%, compared with 2,251 tons in 1984. 
Ferrocolumbium imports increased more 
than 40% to 3,163 tons compared with 2,260 
tons in 1984. The bulk of imports came from 
Brazil. Tantalum ore imports totaled 244 
tons, compared with 303 tons in 1984; over 
60% of the imports came from Malaysia. 

Toho Titanium Co. Ltd. announced plans 
to construct a refining plant in Chigasaki, 
Kanagawa Prefecture, capable of producing 
4.4 tons per month of columbium metal. 
Construction of the plant was scheduled to 
start in early 1986. When completed, the 
plant will be used to produce columbium 
metal for superconducting magnet applica- 
tions. 

Late in the year, an agreement was 
reached between Fansteel Inc. and V-Tech 
Corp. to form a joint venture to produce 
columbium and tantalum products in Ja- 
pan. Fansteel will hold a 51% interest in 
the venture, V Tech-Fansteel Inc. Oper- 
ation of a pilot plant near Mito, Ibaraici 
Prefecture, was planned to begin by mid- 
year 1986, with a commercial-scale plant 
following in 1988.* 
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Rwanda.—Late in the year, the Société 
Minière du Rwanda (SOMIRWA) reportedly 
had gone into receivership after declaring a 
cessation of payments backdated to July. A 
heavy debt burden, low prices, and curren- 
cy difficulties were cited as reasons for 
SOMIRW A's problem. SOMIRWA, owned 
49% by the Rwandan Government and 51% 
by the Belgian Compagnie Geologique et 
Minière des Ingenieurs et Industriels 
Belges, has produced about 60 tons of tanta- 
lite ore annually. 

Thailand.—Columbite-tantalite rodi 
tion continued to decline and was over 40% 
lower than in 1984; there was no reported 
production of struverite, compared with 33 
tons produced in 1984. 

By midyear, Billiton Thailand Ltd. had 
closed its offshore tin dredging operation. 
Billiton indicated that cutbacks in produc- 
tion under the ITC’s export quota for Thai- 
land and declining ore reserves had made 
the operation unprofitable. However, the 
closure of the offshore operation was not 
expected to affect production at Billiton’s 
tin smelter, Thailand Smelting and Refin- 
ing Co. Ltd. (Thaisarco) in Phuket, which 
secures its tin concentrates from all Thai 
tin miners. By yearend, proposals by former 
employees of the company to buy Billiton’s 
facilities and resume offshore dredging ac- 
tivities had been turned down by Thai au- 
thorities. 

At yearend, Thailand’s Mineral Re- 
sources Department and Thaisarco were 
taking steps to establish a tin market in 
Phuket. Prior to suspension of trading on 
tin markets in late October, Thaisarco was 
required to buy local tin concentrates on the 
basis of the Malaysian KLTM price but sold 
most of its tin output on the basis of the 
lower LME price. 

In midyear, Thaisarco announced an 
agreement to supply most of its high-grade 
tantalum-bearing tin slags to the Thailand 
Tantalum Industry Corp. Ltd. (TTIC) for use 
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at TTIC's columbium and tantalum extrac- 
tion facility in Phuket. Shipments reported- 
ly were to begin in July. Thaisarco, with a 
tin metal capacity of about 42,000 tons 
annually, formerly exported all of its tin 
slag production, and two U.S. firms, Cabot 
and Fansteel, were major recipients. 

The TTIC completed construction of the 
chemical plant phase of its columbium and 
tantalum extraction facility, with commer- 
cial production planned by yearend 1986. 
Reports indicate that the plant will have an 
initial annual capacity to produce in excess 
of 300 tons each of Cb. O, and Ta, O., and 
over 500 tons of potassium tantalum fluo- 
ride. 

The Thai Pioneer Enterprise Co. Ltd. 
(TPE) reportedly was seeking $5.5 million in 
financing to reopen its tin smelter, which 
had been closed since midyear 1982. The 
smelter, with an annual tin metal capacity 
of about 4,000 tons, also had produced 
tantalum-bearing tin slags. Also, the Thai 
Government reportedly granted TPE an 
exemption from the 4.4% tax normally 
applied to tin metal exports. 

Early in the year, the Thai Ministry of 
Science, Technology and Energy reportedly 
signed a $1.78 million technology transfer 
agreement with Japan's Metal Mining 
Agency. Under the terms of the agreement, 
Japan will provide the expertise needed to 
develop a technique to separate and extract 
columbium, tantalum, and other rare met- 
als contained in waste derived from milling 
tin ores in Thailand. 

Zaire.—Commercial-scale production of 
pyrochlore from the Lueshe carbonatite 
deposit reportedly was planned by yearend 
1986. Production had been delayed awaiting 
decision on the choice of power for the new 
operation. A 1984 study had suggested two 
power alternatives, a linkup with the exist- 
ing Bukavu-Goma powerline or the con- 
struction of a new powerplant at Kwindi. 


TECHNOLOGY 


The Bureau of Mines working with the 
Defense Reutilization and Marketing Ser- 
vice (DRMS) developed identification and 
separation techniques for recovery of tanta- 
lum from electronic scrap. The joint effort 
enabled DRMS to sell 200 pounds of discard- 
ed tantalum capacitors for $12.61 per 
pound. All U.S. Department of Defense 
scrapyard personnel handling electronic 
scrap were to be trained to perform the 


separation. 

The Bureau of Mines studied columbium 
and tantalum occurrences in Alaska. This 
study is to serve as a basis for possible 
future field and laboratory research.* 
Where columbium and tantalum concentra- 
tions are relatively high, these minerals 
may be recoverable as byproducts of tin, 
tungsten, gold, or uranium mining. Approx- 
imately 135,000 pounds of Cb, O, are in- 
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ferred from the tin- and gold-bearing Tofty 
placer deposits in the Manley Hot Springs 
District. 

A general trend in the chemical industry 
is to increase operating temperatures and 
pressures, requiring stronger materials 
with better corrosion resistance. Additions 
of 1% to 3% molybdenum to tantalum re- 
portedly had a pronounced effect on de- 
creasing the susceptibility of pure tanta- 
lum to hydrogen embrittlement in severe 
corrosion conditions. Also, the corrosion 
rate of tantalum is decreased significantly 
by the molybdenum additions, while me- 
chanical properties such as strength and 
room temperature workability are improv- 
ed.!* 

A process of leaching columbium oxide 
from pyrochlore concentrate using hydro- 
fluoric acid was described in results from a 
Study initiated by the Canadian Govern- 
ment.! Also, the optimum conditions for 
extraction of columbium oxide from the 
leach solution, using either the methyl iso- 
butyl ketone (MIBK) or the tributyl phos- 
phate (TBP) process, were determined. The 
main work was performed with a pyro- 
chlore concentrate prepared from the St. 
Honoré carbonatite deposit at the Niobec 
Mine in Quebec. Investigation showed that 
the TBP process extracts columbium oxide 
at a lower acid rate than does the MIBK 
process, while the MIBK process gives a 
higher purity product. 

The levitation melting technique was em- 
ployed in examining the refining behavior 
of columbium." The starting material used 


for the study was impure columbium in the 


form of columbium-thermite produced by 
aluminothermic reduction of columbium ox- 
ide. The purity of the levitation-melted 
columbium is compared to that of colum- 
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bium produced by the conventional electron 
beam drip-melting process. The technique's 
inherent advantages include noncontami- 
nation due to its containerless feature, melt 
homogeneity owing to effective magnetic 
stirring, and precise temperature and at- 
mospheric control during melting and melt 
holding. 

High-chromium irons are used frequently 
when abrasion resistance is required. In a 
brief review, initial results of an investiga- 
tion of columbium as an alloying element in 
high-chromium irons were  deecribed.'* 
Melts were prepared in an induction fur- 
nace with superheating to 1,500* C for 5 
minutes. Pouring temperatures were 1,430* 
C to 1,450* C. Results suggest that cast iron 
with a base composition of 18% chromium, 
3% carbon, and the balance iron can have 
its wear characteristics improved by opti- 
mum alloying with up to 3% columbium. 


iPhysical scientist, Division of Ferrous Metals. 

*Federal Register. U.S. Environmental Protection Agen- 

. Nonferrous Metals Forming and Metal Powder Point 

urce Category; Copper Forming Point Source Category; 
Effluent Limitations Guidelines, treatment Standards. 
Final Rule. V. 50, No. 164, Aug. 23, 1985, pp. 34242-34334. 

*Avon Products Inc. 1985 Operations Annual Report. 


16 pp. 

‘Metals Week. V. 56, No. 24, June 17, 1985, p. 8. 

Cabot Corp. 1985 Annual Report. 46 pp. 

*American Metal Market. Alloys and New Materials. 
V. 93, No. 106, June 3, 1985, p. 27. 

The Penn Central Corp. 1985 Annual Report. 44 pp. 

*Fansteel Inc. 1985 Annual Report. 24 pp. 

Warner, J. D. Critical and Strategic Minerals in Alas- 
ka. Tin, Tantalum, and Columbium. BuMines IC 9037, 
1985, 19 pp. 
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Copper 


By Janice L. W. Jolly! 


By yearend, most U.S. copper mining 
companies planned, or were implementing, 
programs to lower production costs in order 
to regain profitability. International mone- 
tary debts and exchange rate problems, 
chronic oversupply, excees world capacity, 
competing alternative materials, and gener- 


Table 1.—Salient copper statistics 
(Metric tons unless otherwise specified) 
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Refine 
Blister and materials in solution 
Consumption: 


1981 


71,419,189 
124,828 
1,544,017 
482,837 


"591,805 
24,397 


330,625 
447,140 
465,000 
277,000 
2,025,169 
72,211,050 
84.21 


1982 
"181,826 
0.55 


1,146,975 
$1,840,856 
940,547 

12 

¥ 1,050,445 


1176, 883 


1,226,778 
467 


517,726 
80,568 


258,489 
624,830 


676,000 
233,000 
1,658,142 


1,761,385 
12.80 


1988 


177,9380 
0.51 


1,038,098 
$1,751,476 
888,130 

11 
1,028,423 
153,667 
1,182,090 
401,668 
449,478 
81,897 
459,568 
675,843 
672,000 
174,000 
1,803,981 
72,018,789 
16.58 
1,112 
8,148 
9,230 
12.18 


1984 
"171,814 
10.58 


11,102,613 
"$1,625,116 
989,924 


12 
71,089,584 
775,016 


71,164,600 
9 


7460,695 
91,414 
444,699 
1551, 802 
"544,000 
"245,000 
72,122,782 


72,106,580 . 


66.85 


ally weak economic activity within some 
domestic markets and on the international 
market all contributed to depressed prices 
for 1985. Although two U.S. firms reported 
profits from their copper operations, most of 
the domestic copper mining industry was 
unprofitable. 


1985 


162,210 
0.62 


1,106,758 
$1,632,483 
941,575 

11 
1,008,636 
58,529 


‘Incudes copper content of alloy scrap. 
Based on Jan.-Nov. monthly averages. 
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With the shutdown of several domestic 
fire-refining plants and higher prices for 
Chilean ingot prevailing on European mar- 
kets, copper stocks on the Commodity Ex- 
change of New York (COMEX) became 
highly sought after by domestic brass mills 
and foundries. As a result, the refined 
copper inventories on the COMEX contin- 
ued to be worked down over much of 1985, 
reaching the lowest level in 5 years by 
yearend. World stocks, especially those on 
the London Metal Exchange (LME), howev- 
er, rose rapidly at midyear in response to 
reduced demand. 

U.S. import reliance,? as a percentage of 
the apparent consumption of refined cop- 
per, was 28% in 1985, the highest rate since 
1946, largely as a result of the drawdown of 
inventories from the COMEX. Apparent 
consumption of copper by U.S. fabricators 
was highest early in 1985, but was moderat- 
ed considerably in the second half of the 
year. A substantial increase in exports of 
copper concentrates occurred during the 
year as a result of a shortage relative to 
available international smelter capacity 
and the sale of a significant portion of a 
domestic mining facility to a Japanese firm. 
In addition, U.S. exports of scrap increased 
as a result of weakening domestic sales and 
more favorably priced markets in Canada, 
Europe, and the Far East. 

Changes in ownership of domestic mines 
and copper-producing plants continued dur- 
ing the year as companies moved to improve 
their financial status. The new owners in- 
cluded some foreign firms and employee- 
based partnerships. Several domestic cop- 
per smelters and refineries closed during 
the year with the result that primary annu- 
al copper smelting capacity decreased from 
1.54 million metric tons in 1984 to about 1 
million tons by yearend 1985. Capacity at 
operating copper mines, estimated at the 
beginning of the year to be 1.51 million tons 
of recoverable copper per year, declined by 
about 230,000 tons during the year as mines 
were closed, including the largest domestic 
mine. 

Domestic Data Coverage.—Domestic pro- 
duction data for copper are developed by the 
Bureau of Mines from seven separate, vol- 
untary surveys of U.S. operations. Typical 
of these surveys is the mine production 
survey. Of 72 operations to which a survey 
request was sent in 1985, 85% responded, 
representing an estimated 93% of the recov- 
erable copper content in the total mine 
production shown in tables 7, 9, and 10. 
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Production for the remaining 11 companies 
was estimated using data from other sur- 
veys. 

Legislation and Government Pro- 
grams.—A group of U.S. Congressmen 
formed the Congressional Copper Caucus to 
lobby for the domestic copper industry. The 
32 Senators and Representatives pursued 
legislation during the year to support the 
copper industry. The group reviewed a 
whole range of policy options, emphasizing 
copper's economic and strategic importance. 

Several bills that pertained to copper 
were introduced in the House of Represent- 
atives and the Senate during the year. Most 
were referred to various committees. Some 
of the more significant were as follows: 

H.R. 217, January 3. A bill to return to 
the 95% copper penny. 

H.R. 936, February 4. A bill to amend the 
Bretton Woods Agreements Act and recom- 
mend abolishment of the Compensatory 
Financing Facility (CFF) of the Internation- 
al Monetary Fund (IMF). 

H. Res. 126, and S. Res. 114. Resolutions 
to abolish the CFF. 

H.R. 1520, March 7. National Copper 
Policy Act of 1985. A bill to negotiate copper 
production limits among major copper pro- 
ducers. 

H.R. 1562, March 19. Textile and Apparel 
Industry bill with Copper Free Market Res- 
toration Act of 1985 attached. A bill to limit 
copper production and stabilize foreign cop- 
per production. 

S. 1670, and H.R. 3410, September 19. A 
bill to establish a Government-to-Gov- 
ernment International Copper Action Com- 
mission. 

H.R. 2187. Superfund Improvement Act of 
1985. 

H.R. 2557, June 20. Supplemental appro- 
priations bill with attached Senate amend- 
ments pertaining to international loans. 

H.R. 3714, November 7. A bill to revitalize 
the U.S. copper industry by negotiation of 
agreements to temporarily limit copper pro- 
duction. 

S. 351, January 31. The American Copper 
Production Act of 1985. A bill to impose 
limits on amounts of certain copper articles 
that may be imported over a 5-year period. 

S. 353, January 31. A bill to increase the 
duty on imported copper by the amount 
offsetting the cost of domestic environmen- 
tal requirements. 

S. 627, March 7. National Copper Policy 
Act of 1985. A bill to set terms for negotia- 
tion of production cutbacks by major copper 
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producers of the world. 

Two stockpile bills: H.R. 3743, November 
13, to adjust stockpile goals, and S. 1155, 
May 16, to amend the 1979 stockpile act. 

Of the various bills described, the textile 
trade bill, H.R. 1562, was passed by the 
Congress and vetoed by the President. A 
call for negotiations with foreign countries 
to limit their production of copper was 
contained in H.R. 2577, which was signed 
into law in December, that provided contin- 
uing appropriations for a number of agen- 
cies of the Federal Government. As with the 
message on copper negotiations that was 
part of the textile trade bill, H.R. 1562, the 
language in the funding measure called for 
U.S. trade officials to undertake negotia- 
tions with countries producing more than 
200,000 metric tons of copper per year. 
However, the report language of the bill 
was nonbinding. 

Multilateral lending institutions were al- 
so subjects of several congressional initia- 
tives, including amendments to the Supple- 
mental] Appropriations bill, H.R. 2557. One 
amendment, section 501, instructed U.S. 
representatives to the International Bank 
for Reconstruction and Development (World 
Bank) and other multilateral lending insti- 
tutions to vote against proposed loans in- 
tended to expand copper production in de- 
veloping nations while copper is in oversup- 
ply on the international market. The other 
amendment, section 502, enunciated a poli- 
cy statement against multilateral loans 
that would result in overproduction of any 
commodity, including copper. Three criteria 
were established in section 502 for consider- 
ing a negative U.S. vote: (1) Analysis indi- 
cates that reasonable commercial financing 
is available; (2) surplus capacity for the 
industry for production of the commodity 
would exist over one-half of the project life; 
and (3) U.S. imports of the commodity are 
more than 50% of domestic production, 
where the United States is a substantial 
producer of such commodities. The CFF 
used IMF funds to compensate nations that 
suffered a drop in export earnings because 
of low commodity prices. The sponsors of 
the bill contended that by allowing the IMF 
to offer low-interest loans and compensa- 
tion payments to copper producers in the 
developing nations, the U.S. Government 
was indirectly undermining the domestic 
industry because foreign overproduction of 
copper was considered a prime reason for 
low prices and U.S. companies’ losses. Be- 
tween 1979 and 1983, the CFF provided 
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about $1.35 billion per year in subsidies to 
developing countries, according to one 
study.2 CFF supporters described these 
loans as cushions, helping a commodity- 
dependent country get through poor eco- 
nomic periods. Opponents described these 
loans as crutches, allowing countries to 
keep producing regardless of the impact on 
prices. 

Other legislative proposals were under 
consideration that would affect U.S. trade, 
such as H.R. 2451, which would permit the 
imposition of countervailing duties on im- 
ports benefiting from upstream subsidies of 
raw materials from which the products are 
made. Congress was also seeking changes in 
the U.S. Trade Act of 1974 that would take 
away Presidential discretion in such areas 
as section 201. Section 201, commonly 
known as the escape clause, provides for 
temporary relief for a domestic industry 
that has suffered or been threatened with 
serious injury from imports. Trade bills 
calling for 25% surcharges on imports from 
Brazil, Japan, the Republic of Korea, and 
Taiwan were introduced. The bills present- 
ed a complicated formula aimed at focusing 
on countries that maintain trade surpluses 
by using a variety of unfair barriers against 
imports. 

On September 30, Public Law 96-510, the 
Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 
(Superfund), expired. In December, the 
House of Representatives passed a tax bill 
(H.R. 2817) to extend the Superfund, which 
included taxation of certain copper chemi- 
cals, including cupric oxide, cupric sulfate, 
and cuprous oxide. The proposed tax for 
these chemicals was about $6.90 per ton. 
The Senate voted in September to expand 
the Superfund toxic waste cleanup program 
nearly fivefold and levy a new tax on 
manufactured goods to pay for it. Called the 
Superfund Improvement Act of 1985, it 
would reauthorize the 5-year-old Superfund 
law through 1990 and provide $7.5 billion to 
clean up the worst of the Nation’s toxic 
dumps. 

Nine western members of Congress per- 
suaded the Administration to negotiate an 
agreement with the Mexican Government 
to prevent a new Mexican copper smelter 
from opening without pollution controls. An 
agreement was reached spelling out expec- 
tations for environmental controls. The 
Mexican Nacozari and Cananea smelters 
were expected to operate in 1986 without 
environmental control for the near future 
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because of a lack of funds to build sulfuric 
acid facilities. 

A group of domestic producers requested 
the Administration to consider the benefits 
of supporting a Producer/Consumer Forum 
Group that could be patterned after the 
International Lead and Zinc Study Group. 
This forum would meet regularly to collect 
and discuss current monthly copper statis- 
tics, develop quantitative information on 
end uses, provide details of existing capaci- 
ties, and provide for discussions among 
representatives of industry and of member 
governments concerning the problems and 
opportunities of the copper industry. 

In a letter to the Congress in November 
1985, the President replied to a congression- 
al request, which was made last year, that 
the Administration would not try to negoti- 
ate voluntary production restraints with 
major copper-producing nations. The Presi- 
dent’s letter stated that such negotiations 
would be inconsistent with the Administra- 
tion’s market-oriented trade and economic 
policy objectives, and that voluntary pro- 
duction restraints would raise serious anti- 
trust concerns, be too costly to the U.S. 
consumer, and be too hard to implement. In 
lieu of these measures, the Administration 
offered to provide relief to the copper indus- 
try through the U.S. Department of Labor, 
which had begun to implement a plan to 
assist workers displaced from the copper 
industry. 
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On July 8, the President approved the 
National Security Council (NSC) recommen- 
dations for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict that would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, 
copper would be categorized in tier II, and 
the goal would be 26,353 tons, considerably 
reduced from the previous goal of nearly 1 
million tons. At yearend, this proposal was 
under consideration by the Congress. The 
Department of Defense Authorization Act, 
1986 (Public Law 99-145), signed by the 
President on November 8, 1985, stated that 
no action may be taken before October 1, 
1986, to implement or administer any re- 
duction in a stockpile goal in effect on 
October 1, 1984. 

In an effort to aid the State’s depressed 
copper industry, legislation was passed by 
the State of New Mexico at midyear to 
lower New Mexico's excise tax on copper 
processing by about two-thirds, beginning 
July 1. The tax on copper processors will be 
cut to 0.25% from the former 0.75% for 3 
years, until July 1988.* 
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Mine Production.—Copper was produced 
in 12 States during 1985, with Arizona 
comprising 72% of the total, and New 
Mexico and Utah in second and third place, 
respectively. The number of copper-pro- 
ducing mines dropped considerably from 
115 mines in 1982 to a total of 68 mines in 
1985. In 1985, there were 27 producing 
copper mines and 41 mines from which 
copper was produced as a byproduct of gold, 
lead, silver, or zinc. Total U.S. operating 
mine capacity, in terms of recoverable cop- 
per per year, was estimated to be 1.51 
million tons, with 22 major producers ac- 
counting for more than 1.45 million tons. 
Several operating mines closed during the 
year affecting about 230,000 tons of operat- 
ing capacity; these included the largest 
mine in the United States, Kennecott's 
Bingham Canyon pit in Utah, and Anamax 
Mining Co.'s Twin Buttes, AZ, electrowin- 
ning operation. Át the same time, however, 


some new or reactivated mine capacity was 
added. The White Pine Mine in Michigan 
began production late in the year, with a 
capacity of 73,000 tons per year, and some 
new or renewed capacity was added at the 
Morenci, Pima, Ray, and Tyrone Mines. The 
net result was a mine production that was 
slightly higher than in 1984. Capacity utili- 
zation at active mines was 73% in 1985. 

About 3% of total U.S. production of gold 
and 25% of total silver production was 
derived as a byproduct of copper mining. By 
comparison, copper mines had produced 
about 42% of U.S. gold production in 1979. 
The estimated value for recovered gold and 
silver from copper ores was $82.8 million, 
down significantly from that of 1984. The 
proportion of copper ore extracted by open 
pit mining was 88%, compared with 12% 
extracted by underground methods. 

The average cash cost (including byprod- 
uct credits and taxes, but excluding depre- 
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ciation) was further reduced to 58 cents per 
pound in 1985, from 79 cents per pound in 
1981 and 65 cents per pound in 1984, ac- 
cording to Bureau of Mines estimates. 
When recovery of capital is included, the 
production cost per pound was 70 cents in 
1985. While most copper-producing compa- 
nies took some losses during the year, two 
companies, Phelps Dodge Corp. and Cyprus 
Minerals Co., reported a profit from their 
copper mines. By comparison, the average 
cost to produce (with byproduct credits, 
depreciation, and taxes included) for 110 
major international copper mine producers 
was 67 cents per pound in 1985, including 
milling, smelting, refining, and transporta- 
tion charges. 

Productivity in terms of tons of copper 
produced per average hour worked at cop- 
per mines and smelters also improved dur- 
ing the year. The average number of copper 
mine and mill workers, including office 
workers, for 1985 was 9,854, who worked a 
total of 18,831,046 employee-hours. For 
1984, the comparable numbers were 12,461 
workers and 22,587,340 hours. U.S. Depart- 
ment of Labor statistics indicated employ- 
ment at copper smelters and refineries for 
1985 was an average of 5,900 workers; this 
compared with 8,600 smelter and refinery 
employees for 1984 and 10,100 workers for 
1983. Productivity in terms of employee- 
hours per ton of copper produced at mines 
increased from 27.4 hours per ton in 1983, to 
20.7 hours per ton in 1984, to 17.0 hours per 
ton in 1985. 

The US. Deosrüment of Labor awarded 
the State of Utah a grant for about $2.6 
million to aid unemployed miners. The 
grant was awarded under the Job Training 
Partnership Act and was part of a title III 
grant fund that was established to aid 
dislocated copper and steel workers in 24 
States. 

In an attempt to reduce costs and im- 
prove productivity, AMAX Inc. eliminated 
1,500 positions, including headquarters and 
operating personnel. Reductions were made 
at the corporate headquarters in Green- 
wich, CT, at its Golden, CO, offices, and at 
its domestic and overseas energy and min- 
ing divisions. AMAX's losses for 1985 were 
reported as $621 million, compared with 
$238.3 million in 1984. 

Atlantic Richfield Co.'s subsidiary, Ana- 
conda Minerals Co., continued to sell off its 
mineral holdings during the year, both in 
the United States and abroad. Anaconda 
Minerals sold the idled Montana mining 
properties at Butte to Washington Corp., a 
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Missoula, MT-based construction company. 
Montana Resources Co., a subsidiary of 
Washington Corp. planned to open the 
mine if sufficient cuts could be made in 
energy, labor, tax, and other costs. At the 
time of the shutdown, Anaconda Minerals 
had estimated production costs at about 
$1.25 per pound. Washington Corp. estimat- 
ed the major predeterminable mining costs 
as follows: 27% for freight and smelting; 
15% for employee wages and benefits; 12% 
for energy; and 7% for taxes.* Negotiations 
for concentrate contracts were being held 
with 18 different smelters and traders in 
Asia, Europe, and North America. 

In addition, Anaconda Minerals' Carr 


Fork, UT, property was sold to Kennecott 


and the mill facilities at Carr Fork to Ok 
Tedi Mining Ltd. of Papua New Guinea. 
The company's Los Pelambres deposit in 
northern Chile was sold to Antofagasta 
Holdings Ltd. near yearend. A group of 
investors formed Buffalo Brass Co. Inc. to 
buy Anaconda Industries’ American Brass 
Div. plants and then announced the sale of 
two of the plants in Connecticut to another 
investor group, Valley Brass Corp. Buffalo 
Brass was to continue to operate plants in 
Buffalo, NY, Kenosha, WI, and Franklin, 
KY. Buffalo Brass’s Paramount, CA, brass 
mill was purchased by Cerro Metal Prod- 
ucts Corp. 

Anamax closed its Twin Buttes Mine in 
October 1985, laying off most of the compa- 
nys 156 employees. Jointly owned by 
AMAX and Anaconda Minerals, Twin 
Buttes ceased copper mining in 1983, but 
continued operating a small copper oxide 
and solvent extraction-electrowinning (SX- 
EW) plant from existing oxide ore stock- 
piles. The operation, about 20 miles south of 
Tucson, AZ, had been for sale, and much of 
the equipment had already been sold. At its 
peak in the mid-1970's, the Twin Buttes 
Mine employed about 2,100 people. 

Anamax began reclamation work at the 
Twin Buttes minesite. The entire tailings 
area covers about 1,400 acres, containing 
about 160 million tons of tailings. The 
company planned to cover the tailings with 
6 to 12 inches of alluvium, taking about 15 
months to complete the work. Terracing 
and revegetation were conducted along with 
mining since 1969, so revegetation is essen- 
tially complete. Although the pumps in the 
open pit mine were shut off in late 1985, the 
pit water was not expected to become more 
than 400 to 500 feet deep, taking decades to 
reach that depth. 

ASARCO Incorporated experienced a net 
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loss after taxes of $62 million in 1985, down 
from a loss of $306 million experienced in 
1984.’ As part of its strategy to reduce costs, 
Asarco increased ore reserves at its Mission 
complex by acquiring the Pima Mine for 
$12.5 million in September. Pima was own- 
ed 75% by Cyprus Minerals and 25% by 
Utah International Inc. The Pima Mine, 
which had been shut since 1982, occupied 
one end of a continuous open pit that was 
Shared by Asarco's Mission complex. Acqui- 
sition of Pima permitted control of the 
entire pit and more efficient mining and 
milling operations at Mission. All ores from 
the complex, including the Eisenhower, 
Mission, Pima, and San Xavier Mines, were 
to be processed through the Mission mill. 
According to the company's annual report, 
8.9 million tons of ore was milled in 1985, 
containing 53,500 tons of copper. Ore re- 
serves at the Mission complex were estimat- 
ed to be 259.8 million tons containing 0.12 
ounce of silver per ton and 0.62% copper. At 
Asarco's Silver Bell Mine, ore reserves were 
estimated at 19 million tons containing 0.07 
ounce of silver per ton and 0.68% copper. 
No ore was milled during 1985; the entire 
production of 3,900 tons of precipitate cop- 
per was produced through leaching of the 
oxide ores.* 

Asarco also operated several coproduct 
mines that produce copper in Idaho and 
Montana. In Idaho, Asarco operated the 
Coeur and Galena Mines. The Troy Mine in 
Montana was considered a silver mine with 
a large copper production. In 1985, because 
of the depressed silver price, the value of 
copper production exceeded that of silver. 
About 2.5 million tons of ore containing 3.6 
million ounces of silver and 15,240 tons of 
copper was mined at Troy in 1985. At Coeur, 
137, 000 tons of ore was milled containing 2.6 
million ounces of silver and 1,089 tons of 
copper. About 180,000 tons was milled at 
Galena with a production of 1,090 tons of 
copper and 4.1 million ounces of silver. Ore 
reserves were given as follows: Coeur, 
806,000 tons with 18.74 ounces of silver per 
ton and 0.94% copper; Galena, 984,000 tons 
with 15.58 ounces of silver per ton, 0.63% 
copper, 10.04% lead, and 0.11% zinc; and at 
Troy, 37.5 million tons of ore containing 
1.40 ounces of silver per ton and 0.75% 
copper.“ Copper was expected to be a very 
minor byproduct in the West Fork, MO, 
mine, which started up in September 1985 
and was reported to have reserves of 14 
million tons of ore with a content of 0.27 
ounce of silver per ton, 5.50% lead, 1.20% 
zinc, and 0.04% copper. 
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Environmental studies were continued 
during 1985 at Asarco's Rock Creek copper- 
silver project in the Cabinet Mountains 
Wilderness Area of northwestern Montana. 
These studies, based on proposed under- 
ground mining with access outside the wil- 
derness, were being done as part of the 
required Environmental Impact Statement 
and subsequent operating permit applica- 
tions. An operating plan for the Rock Creek 
copper-silver mine in the Cabinet Moun- 
tains Wilderness Area was submitted to the 
U.S. Forest Service by Asarco in 1984. The 
permitting process was expected to take a 
minimum of 2 years. The Rock Creek ore 
body lies in the same formation as the 
company’s Troy Mine, which is 15 miles 
away. The Rock Creek deposit is larger and 
has a higher ore grade than the Troy de- 
posit. 

Echo Bay Mining Ltd. of Edmonton, Can- 
ada, completed the sale in late 1985 of 
Copper Range Co. to Northern Copper Co., a 
newly formed company comprised 70% of 
the United Steelworkers of America (US- 
WA) union and mine employees and 30% of 
Mine Management Resources Inc. Northern 
Copper paid $23.7 million for the mine and 
smelter facilities. Financial assistance was 
obtained from the State of Michigan, Phil- 
ipp Brothers Inc., and commercial banks. 
Northern Copper was formed as a vehicle to 
buy the mine, but the company then merg- 
ed to officially become Copper Range Co., 
the name with which it has been historical- 
ly identified. The White Pine Mine was 
reopened on November 25, 1985, with 227 
workers and at 40% of capacity. The mine 
was capable of producing 60,000 tons of 
copper and 1.3 million ounces of silver per 
year. The mine reportedly had 89 years of 
ore reserves at this production rate. The 
miners, represented by the USWA, accepted 
wages averaging $3 per hour below the 
average for the industry. Wages were $8.50 
per hour, plus profit-sharing and productivi- 
ty pay. The USWA, representing the work- 
ers, agreed to a new 5-year labor contract. 
The workers were to receive stock in return 
for wage and benefit concessions. By year- 
end, the mining complex employed 587 
workers, increasing to 900 when the site is 
at full operation. The smelter was not 
expected to be fired-up until mine produc- 
tion had reached 15,000 tons of ore per day. 

In January, Standard Oil Co. (Indiana) 
announced plans to spin off its Amoco 
Minerals Co. into a separate company called 
Cyprus Minerals. The Amoco spinoff, which 
was done in the form of tax-free distribution 


COPPER 


of shares, was accomplished in July 1985. 
The newly spun-off Cyprus Minerals sus- 
tained a loes of $452.1 million for 1985, 
owing principally to a write-down of some 
assets. Cyprus Minerals wrote down $195 
million of the $385 million valuation of the 
Bagdad Mine. The Cyprus Bagdad Copper 
Co. mine, however, was profitable for the 
year. Cyprus Minerals was selling mining 
and milling equipment from its Cyprus 
Pima Mining Co. and Cyprus Johnson Cop- 
per Co. operations in Arizona. Pima’s re- 
serves were sold during the year to Asarco, 
but Johnson was to keep producing elec- 
trowon cathode from leach dumps through 
1986, but at a lower level. 

The Wisconsin State Department of Nat- 
ural Resources was in the process of com- 
pleting its environmental impact statement 
on the proposed Exxon Minerals Co. Cran- 
don Mine project. The company expected to 
start construction in 1987, following approv- 
al of permits; production could start about 3 
to 4 years later.'^ The deposit had 68.7 
million tons of ore that contained about 
5.2% zinc and 1.2% copper and minor gold, 
lead, and silver. Exxon made the discovery 
northeast of Mole Lake in 1974 and has 
spent about $75 million on mining prepara- 
tion since that time. 

Echo Bay concluded its agreement with 
Standard Metals Corp. of New York to 
acquire the shut Sunnyside gold, silver, and 
copper mine and mill complex near Silver- 
ton, CO, for $20 million plus 30% net profits 
royalty payable to Standard Metals. Echo 
Bay planned to refurbish the complex and 
restart operations in mid-1986 under the 
name Sunnyside Gold Corp. In 1983, the last 
full year of production, the mine produced 
300,000 tons of ore containing copper, lead, 
silver, and zinc, in addition to its main 
product, gold. 

Sunshine Mining Co. obtained an option 
to buy the Gold Fields Mining Corp.’s St. 
Cloud Mine in New Mexico and was to 
make a feasibility study to determine ore 
reserves during the option period, which 
was to end June 1, 1986. Gold Fields was to 
operate the mine during the option period 
at a reduced level of 1,840 tons of ore per 
month. Ore reserves had been estimated to 
be 366,598 tons averaging 5.93 ounces of 
silver, 1% lead, 0.85% copper, 0.3% zinc, 
and 0.04 ounce of gold per ton. The property 
had been valued at $1.2 million by Gold 
Fields." 

By various improvements, Inspiration 
Consolidated Copper Co. (ICC) increased 
copper production at its mines to 70,000 
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tons in 1985.'* ICC's gross copper revenues 
in the United States and Canada rose from 
$233.6 million in 1984 to $258.6 million in 
1985. Even so, the company’s net losses 
were larger, losing $8.7 million in 1985, 
compared with $5 million in 1984. By com- 
parison, ICC’s parent company, Inspiration 
Resources Corp., had a net loss of $291.4 
million in 1985, compared with a $101.3 
million net loss in 1984 and an $82.7 million 
loss in 1983.'* While production costs were 
significantly reduced at ICC, exploration 
(mostly precious metals) and development 
expenses increased. Reserves at Inspiration 
Resources’ open pit at Miami, AZ, were 
estimated to be 240 million tons with 0.53% 
copper, according to the company annual 
report. In further cost-cutting moves, ICC 
was expected to direct increased attention 
to the more cost-effective dump leaching- 
SX-EW operation, where the cost of produc- 
ing copper was about 30 cents per pound. 
The company determined that it had suffi- 
cient oxide and leachable sulfide in the Live 
Oak-Bluebird-Red Hill area to operate the 
electrowinning circuit and reduce the min- 
ing operations by 40% until economic condi- 
tions improve. Inspiration Resources spent 
$3.2 million in 1985 for the integration of 
Bluebird Mine into its other operations. 

The Southern Pacific Railroad filed an 
application with the Interstate Commerce 
Commission to abandon the only rail line 
that supplies rail service to Inspiration 
Resources’ operation at Miami, AZ. Inspira- 
tion Resources protested the abandonment, 
and a Commission judgement was to be 
made sometime in April 1986. 

The Standard Oil Co. of Ohio (Sohio), 
parent company of Kennecott, reported a 
drop in net income for 1985 to $308 million, 
compared with $1.49 billion in 1984. Sohio’s 
1985 special charges related to the decision 
to spend $400 million to modernize Ken- 
necott’s Utah Copper Div. Sohio’s metal 
mining operations, principally Kennecott, 
lost $165 million, compared with $160 mil- 
lion in 1984.'* Kennecott shut down its Utah 
Copper Div. in Salt Lake City, UT, on 
March 31, laying off about 2,200 employees. 
A care-and-maintenance work force of 
about 250 employees was retained. The 
Bingham Canyon Mine had been operating 
at slightly below one-third of capacity. The 
company had processed all of its material 
by the end of June. Kennecott speculated 
that the expected physical improvements, 
and labor cost reductions that it hoped to 
negotiate in 1986, would allow it to cut costs 
by more than 20 cents per pound.“ Anacon- 
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da’s Carr Fork, UT, copper mine was sold to 
Kennecott. The purchase was to solve 
boundary line problems and facilitate any 
future underground mining of the North 
Ore Shoot, which is contiguous with Carr 
Fork’s reserves. Carr Fork was reported to 
contain 91 million tons averaging 1.87% 
copper, 0.02% molybdenum, and 0.27 ounce 
of silver per ton. 

The closure of the Bingham Canyon Mine 
allowed the associated 5,000-acre tailings 
pond to dry out, increasing dust complaints. 
Kennecott planned to increase the dis- 
charge of water over the pond and to spend 
up to $6 million per year on dust control, 
compared with $2.5 million spent while the 
mine was operating. 

The Nevada State Division of Environ- 
mental Protection issued a fugitive dust 
citation to Kennecott in early November. 
The company outlined a plan at yearend to 
the agency to keep dust levels down from 
the tailings remaining from its closed mine 
at Ely. Under Kennecott’s plan, permanent 
water-spraying devices would be placed 
around the dry areas so water could be 
pumped across it all year. Another part of 
the plan calls for fertilizer to be spread to 
maintain plant growth. 

Under pressure to operate profitably, 
Kennecott’s Ray Mines Div. laid off 24 
workers in May 1985, reducing the total 
work force to 667. In addition, the oper- 
ations were monitored monthly after the 
Utah Copper Div. shut down in late March, 
and ten, 170-ton trucks were returned to 
Ray Mines from Utah. The SX-EW plant at 
Ray Mines was reactivated in December, 
after being shut since May 1982. The SX- 
EW plant treats copper-bearing silicate ma- 
terial that cannot be processed through the 
sulfide concentrator. The ore is crushed and 
heap leached in vats. Kennecott was selling 
its production from both Ray Mines and 
Chino Mines, since its principal refining 
and rod-mill facilities were closed. Some 
Ray Mines concentrates were treated at 
Asarco's smelter in El Paso on a toll basis, 
with anodes delivered to Phelps Dodge's 
refinery nearby. Concentrates smelted at 
Hayden were bought by Asarco. 

Chino Mines Co., a two-thirds Kennecott, 
one-third Mitsubishi Metal Corp. partner- 
ship, instituted a radio-computer control 
System to further lower unit costs at the 
company's open pit. On August 13, a radial 
arm stacker attached to and supporting the 
coarse ore conveyor collapsed, shutting the 
Chino concentrator down until late Sep- 
tember. 
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Newmont Mining Corp. reported a net 
loss of $34.2 million for 1985 compared with 
a net income of $42.3 million for 1984. The 
1985 loss included $68 million in special 
pretax charges, primarily a $40.3 million 
write-down of Magma Copper Co.'s Superior 
Mine and a $24.7 million pretax charge for 
the write-down of Newmont's 40.2% holding 
in O'okiep Copper Co. Ltd. in the Republic 
of South Africa. Newmont's subsidiary, 
Magma, lost $54.1 million before taxes, 
compared with losses of $44.1 million and 
$53.3 million in 1984 and 1983, respectively. 
The resumption of development at the San 
Manuel Mine had a negative impact on 1985 
results, despite stringent cost-cutting meas- 
ures adopted during 1984. Losses declined 
at Newmont's Pinto Valley Copper Corp. 
where the open pit mine and mill operated 
at full production in 1985, compared with 
only 8 months in 1984.'* Newmont Mining 
reorganized its operations in late 1985, con- 
solidating the management under four 
group executives. The company's nonfer- 
rous metals operations now included the 
Magma and Pinto Valley subsidiaries in 
Arizona as well as the Newmont operations 
in Canada, Peru, and the Republic of South 
Africa. 

In December, Magma took a $40.3 million 
loss for the labor-intensive Superior Mine 
and planned to close it if unable to sell or 
lease it; the operation had been on standby 
since August 1982. The mine contained ore 
grading 4.5% copper and had produced 
about 39,000 tons of copper per year. 

Newmont's operating objectives for Mag- 
ma included cost reductions in four princi- 
pal areas: (1) lower labor costs; (2) produc- 
tion of ore leach copper; (3) improved min- 
ing methods, and (4) higher grade mining 
plans. Ore reserves at San Manuel were 
expected to be exhausted in 1993 and the 
additional reserves available at Kalamazoo 
would require about $60 million in develop- 
ment costs. A lower cost, mechanized min- 
ing system was being developed in the 
Kalamazoo ore. Magma renegotiated coal, 
gas, utility, and other supply contracts, 
withheld pay increases for salaried person- 
nel, and restructured the organization by 
eliminating or combining jobs. The cost per 
pound for producing copper at the under- 
ground mine at San Manuel remained high- 
er in 1985 than the selling price for copper. 
The cost of labor was reported to account 
for just over 50% of the production cost!’ in 
1985. Between 1974 and 1985, the average 
producers’ copper price per pound declined 
from 77 cents to 67 cents, while the average 
wage at Magma rose from $5.58 per hour to 
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$13.54 per hour. 

Magma announced in March that it 
would invest an estimated $71 million to 
develop an open pit mine in the oxide ore 
deposit that overlies its San Manuel Mine, 
construct a heap leach pile and build a SX- 
EW plant. The new plant, with a rated 
capacity of about 23,000 tons of electrolytic- 
grade copper per year, was scheduled to 
begin production by mid-1986. The company 
was also studying the possibility of develop- 
ing an in situ leaching operation on anoth- 
er, much larger underground oxide ore 
body. The new open pit oxide mine was to be 
in the subsidence area created by the block- 
caving methods used for mining the first 
portion of the San Manuel sulfide ore body. 
Magma indicated that there was between 45 
million and 55 million tons of treatable 
oxide ore available in the new open pit 
mine, averaging 0.47% acid-soluble copper. 
No crushing and very little drilling and 
blasting was expected. 

Reserves at San Manuel as of December 
31, 1985, were estimated as follows: 51 
million tons of oxide ore, containing 0.468% 
copper; and 270 million tons of sulfide ore 
containing 0.694% copper, 0.028% molybde- 
nite, 0.029 ounce of silver, and 0.00158 
ounce of gold per ton. In the underlying 
Kalamazoo deposit, 322 million tons of ore 
was estimated to contain 0.715% copper, 
0.28% molybdenite, 0.029 ounce of silver, 
and 0.0158 ounce of gold per ton. During 
1985, about 15.8 million tons of ore was 
treated at San Manuel, recovering 99,000 
tons of copper. 

Joining Newmont in 1983, Pinto Valley 
began shipping copper concentrates to the 
San Manuel smelter in May 1984, enabling 
Magma to increase its throughput at the 
smelter and refinery and thereby reduce 
unit costs. Magma also has been able to use 
Pinto Valley's continuous mining machines 
and experience with mechanized mining 
methods to good advantage at the San 
Manuel Mine. There were 607 Pinto Valley 
employees in 1985, and a 25% reduction in 
staff positions was made at Pinto Valley 
during the December 1985 reorganization. 
At Pinto Valley, the expected mine life was 
about 11 years, and reserves were estimated 
at 322 million tons of 0.40% copper and 
0.015% molybdenite. About 17.8 million 
tons of ore was treated during the year with 
12,000 tons of copper recovered. All ore 
grading less than 0.4% copper was leached. 
Leach solutions at the Pinto Valley Mine 
were processed by a SX-EW plant adjacent 
to the mine. A second SX-EW plant was 
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associated with leaching of the old subsid- 
ence area of what was once the Miami 
Copper Co. underground mine. At Miami, 
leaching solutions percolated through the 
caved area and were pumped to the surface, 
producing about 340 tons of electrowon 
cathode per month. The company was ex- 
amining the possible in situ leaching of 
additional oxide ore just north of its Miami 
underground leach operations to supple- 
ment current Miami output. Pinto Valley 
also owned the Miami East underground 
mine, which had reserves of about 6 million 
tons of ore with an average of 3% copper at 
a depth of about 3,500 feet. Only supply and 
ventilation shafts and some access drifts 
had been developed prior to its shutdown in 
the spring of 1982, shortly before it was 
scheduled to begin production. The mine 
was scheduled for flooding and abandon- 
ment as soon as equipment is removed. 
Phelps Dodge reported earnings from con- 
tinuing operations of $29.5 million in 1985. 
Phelps Dodge's mines produced 372,000 tons 
of copper, according to the company annual 
report, making it the country's leading 
copper producer. The company adhered to a 
rigorous program of reducing operating, 
personnel, and overhead costs. The copper- 
producing operations, including mining 
through copper rod casting, earned $62 
million in 1985, compared with a $101.9 
million loss in 1984. Phelps Dodge was 
continuing with the sale of some of its 
foreign holdings. The assets put up for sale 
included the company's 10% share in Asian 
Cables Corp. of India, the 40% interest in 
Phelps Dodge Philippines Co.. and a 5396 
share in three wire mills in Thailand. Its 
44.6% share in Black Mountain Mineral 
Development Co. (Pty.) Ltd., which operated 
a copper-lead-silver-zinc mine in the Repub- 
lic of South Africa, was also to be sold, as 
was the company's 3396 interest in the 
Woodlawn zinc-copper mine in Australia. 
The new SX-EW plant at Tyrone, NM, 
which was operated by Burro Chief Copper 
Co., produced over 20,000 tons of copper in 
1985, its first full year of operation.'* The 
plant started production in April 1984 with 
costs estimated at below 30 cents per pound. 
In 1985, the company completed a $15 
million program to double the SX-EW plant 
at Tyrone. The plant began to produce at 
the expanded rate in December. By 1986, 
the company expected to produce about 
32,000 tons of low-cost copper from this 
facility. At the Tyrone Mine, an expansion 
of tailings disposal facilities completed in 
1984 enabled the mine to achieve greater 
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production and substantially improved unit 
costs by moving to a continuous operating 
schedule. Production was increased and 
unit costs reduced at both the Morenci, AZ, 
and Tyrone Mines by increasing the cutoff 
grade of ore fed to the concentrators and by 
segregating lower grade material for future 
treatment by SX-EW. Phelps Dodge's high- 
est cost mine, the Ajo Mine, remained 
closed throughout the year. 

In December, Phelps Dodge announced 
plans to build a SX-EW facility at the 
Morenci Mine at a cost of $90 million. The 
Morenci plant was to produce at an initial 
rate of 32,000 tons per year, increasing to 
41,000 tons about 3 years later. The Tyrone 
ore body was expected to be mined out no 
later than the early 1990's, although leach 
production will continue there for many 
more years. The Morenci electrowinning 
facility will replace part of the Tyrone 
production at significantly lower costs. Fur- 
ther cost improvements were expected to 
result from the addition of two additional 
ball mills at Morenci in January 1986, 
permitting expanded throughput at favor- 
able costs. Perhaps the most significant 
development was the sale of a 15% undivid- 
ed interest in the Morenci copper facilities 
(excluding the closed smelter) to a jointly 
owned subsidiary of Sumitomo Metal Min- 
ing Co. Ltd. and Sumitomo Corp. of Japan 
for $75 million. Sumitomo was to take a 
share of Morenci production. The company 
also expected to sell another 15% interest in 
Morenci during 1986. 

Copper ore reserves at each of Phelps 
Dodge’s U.S. mines and at its Safford, AZ, 
deposit at yearend 1985 were estimated as 
follows: Morenci, 722 million tons with an 
average grade of 0.75% copper; Safford, 238 
million tons with an average grade of 0.88% 
copper; Ajo, 190 million tons with an aver- 
age grade of 0.50% copper; and Tyrone, 149 
million tons with an average grade of 0.80% 
copper. The company did not visualize 
reactivating the closed Ajo Mine until the 
copper price is well above 80 cents per 
pound.” The reserves at Morenci do not 
include the Western Copper property, 
purchased in 1981, that adjoins the mine 
and that was estimated to contain 167 
million tons of copper-bearing material con- 
taining 0.64% copper, or the low-grade ma- 
terial that will be leached in the proposed 
SX-EW operation. 

After taking a write-down of $100 million 
for metals assets in connection with the 
decision to discontinue the metals mining 
business in 1984, Pennzoil Co.’s board of 
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directors authorized a further write-down of 
$123 million in 1985 for its metals assets.” 
At yearend, sale of the Sierrita copper 
deposit had not been finalized, though Cy- 
prus Minerals was expected to purchase the 
corporation's Arizona copper deposits early 
in 1986, including the Sierrita Esperanza 
copper-molybdenum property near Tucson 
and the Mineral Park copper-molybdenum 
property near Kingman, AZ. In July, Penn- 
zoil spun off Battle Mountain Gold Co., its 
former Nevada gold operation, to sharehold- 
ers. 
Duval Corp., Pennzoil's subsidiary, oper- 
ated Sierrita at full capacity. To cut costs, a 
15% wage cut for all employees was started 
in 1984, two extra shifts per month were 
added, and the output increased from 85,000 
tons to 105,000 tons of ore per day. Employ- 
ees had been working without a contract 
since 1983 when Sierrita workers crossed 
picket lines and voted to decertify their 
unions. The haulage system at Sierrita had 
undergone several generations of devel- 
opment, each one an improvement. The 
shuttered Esperanza Mine mill was restart- 
ed in 1984 and linked with Sierrita by 
conveyor to offset Sierrita's crushing limita- 
tions. The portable in-pit crusher had been 
in operation at Sierrita since 1983, but the 
mine needed three crushers. In 1985, the 
operation was close to breaking even at 
producer prices of 67 cents per pound of 
copper and $3.75 per pound of molybdenum 
oxide. Nippon Mining Co. purchased 
145,000 tons of copper concentrates from 
Sierrita in 1985.» 

The Tennessee Chemical Co. announced 
in January that it would phase out its 
copper mining operations near Copperhill 
in the eastern Tennessee Ducktown copper 
mining district. Most of the reductions were 
planned for 1987, but personnel layoffs 
began in 1985. A total of 900 jobs were 
expected to be lost. The sulfuric acid plant 
was expected to stay in operation. The 
company determined that it was more eco- 
nomical to buy sulfur for the acid plant 
than to mine the sulfide ore feed. Full 
production capacity at Copperhill was esti- 
mated to be 2.0 million tons of ore per year, 
from which copper, iron, and zinc sulfide 
concentrates were separated. Although 60% 
of the company's sales are from sulfuric 
acid and liquid sulfur dioxide, copper re- 
portedly accounted for 15% of the sales, 
with another 15% from copper carbonate 
and copper sulfate. About 100,000 troy 
ounces of byproduct silver was recovered 


per year. 
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Smelter Production.—Domestic copper 
smelting from primary and foreign ores 
continued to contract under the impact of 
high environmental and energy costs. U.S. 
smelter production decreased in 1985 com- 
pared with that of the previous year, and 
three primary smelters, which had a com- 
bined annual blister production capacity of 
364,000 tons, closed by yearend. Eleven 
primary smelters operated during the year 
with a total production capacity of 1,384,000 
tons of copper. About 208,000 tons of second- 
ary smelter capacity operated during the 
year at nine plants. Two secondary plants 
also were closed in 1985. 

AMAX began to phase out its U.S. Metals 
Refining Co.’s copper smelting and refining 
operations at Carteret, NJ. In recent years, 
the Carteret facility specialized in process- 
ing complex metal scrap and flux for their 
precious metal content. Although smelting 
electrolytic refining operations were ex- 
pected to cease, the company was planning 
to continue to produce its oxygen-free, high- 
conductivity copper, retaining 60 employees 
of the total 700 workers currently employ- 
ed. The plant had a smelting capacity of 
68,000 tons and electrolytic refining capaci- 
ty of 100,000 tons per year. 

Other companies had looked into pur- 
chasing the copper smelter at Carteret, but 
declined because of the environmental prob- 
lems. U.S. Metals Refining planned to carry 
out its final smelting and cleanup oper- 
ations during early 1986. Delays were ex- 
pected, however, because of concerns voiced 
by various environmental organizations. 
The New Jersey Department of Environ- 
mental Protection expressed concern about 
lead emissions at the plant, and the U.S. 
Environmental Protection Agency (EPA) 
said the plant was releasing higher levels of 
dioxin than a dozen other sites in the 
country. The plant was fined a total of 
$213,000 by the New Jersey Department of 
Environmental Protection for pollution 
violations. 

Asarco’s copper smelter at Tacoma, WA, 
was permanently closed in March 1985. 
Asarco reported 7,530 tons of blister copper 
produced, compared with 53,000 tons pro- 
duced in 1984 and 58,100 tons in 1983.** The 
company’s El Paso, TX, smelter had a 
capacity of 104,000 tons of blister copper 
and produced 77,746 tons of blister in 1985. 
Blister production of 159,000 tons in 1985 at 
Asarco's Hayden smelter exceeded its de- 
sign capacity of 151,400 tons, according to 
the company’s annual report. Asarco cited 
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low copper prices, a shortage of suitable 
concentrates, and the estimated $150 mil- 
lion cost of meeting Federal, State, and 
local sulfur dioxide emissions standards as 
the reasons for closure of Tacoma. The 
Tacoma plant was one of the few in the 
world equipped to handle copper-bearing 
ores that contained substantial amounts of 
arsenic and had been the largest market 
economy country producer of arsenic triox- 
ide. The smelter became the focus of nation- 
al attention in 1983 when EPA proposed 
Standards for limiting the amount of arse- 
nic emitted in the air, including an 82% 
cutback for Tacoma. The company was look- 
ing for a buyer for its associated liquid 
sulfur dioxide production plant. Asarco's 
Federated Metals Co.'s secondary plant in 
Houston, TX, also closed during the year. 
Asarco's flash smelter at Hayden, AZ, 
which was completed in November 1983, 
was capable of processing 54,000 tons of 
copper concentrates per month and had a 
concentrate contract with Kennecott's Ray 
Mines Div. to process up to 25,000 tons per 
month. In addition, E. I. du Pont de Ne- 
mours & Co. Inc. had agreed to purchase 
210,000 tons of sulfuric acid per year from 
the Hayden plant. | 

Copper Range expected to restart the 
White Pine smelter and refinery by spring 
of 1986. Meanwhile, Philipp Brothers was to 
market White Pine concentrates. The com- 
pany hoped to produce at least 15,000 tons 
of ore per day to provide sufficient stock- 
piles by February 1986 to begin smelter 
production. 

Inspiration Consolidated Copper Co. had 
smelting contracts with Duval and Cyprus 
Minerals, which provided about 56% of 
Inspiration Copper's smelter feed in 1986. 
The Arizona Department of Health Services 
(ADHS) brought proceedings against Inspi- 
ration for smelter violations. As a result, 
smelting must be entirely curtailed when 
the acid plant is not operating. Compliance 
resulted in reduced smelter production dur- 
ing the second half of 1985. The smelter 
treated 120,000 tons of Inspiration concen- 
trates and 282,000 tons of toll and purchas- 
ed concentrates, producing about 120,000 
tons of blister copper and 299,000 tons of 
sulfuric acid during the year.” 

Smelting was shut down in February at 
Kennecott's Chino, NM, smelter because of 
an accident at the acid plant, which caused 
about $2.5 million in damages to the plant 
and a production loss estimated at $1.5 
million. Mining and milling continued 
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through the monthlong smelter shutdown. 
Chino also closed the smelter in September 
for a month to rebrick the furnace following 
the temporary shutdown of the mill owing 
to an accident at the mine. The modernized 
smelter at Chino was started up in October 
1984, marking the completion of a $350 
million mine, concentrator, and smelter 
modernization and expansion project that 
started in 1981 and cut operating costs by 
about 31 cents per pound. The new Inco 
flash furnace raised annual smelter capaci- 
ty to 120,000 tons of copper metal per year. 
In July, Chino approved installation of a 
$4.5 million anode furnace and expected to 
begin production by January 1986. Chino 
had ceased fire-refining in July 1984. 

Kennecott closed its 210,000-ton-per-year 
smelter at Garfield, UT, in April, following 
the Bingham Canyon Mine closure. The 
company was to begin modernization of the 
associated mining and milling facilities in 
1986. The smelter had been converted to a 
modified Noranda continuous smelting 
process in 1978 at a cost of about $280 
million. The modified smelter captured over 
86% of the sulfur, compared with 55% 
recovery at the old facilities. 

Magma was studying the cost and practi- 
cality of constructing a new flash smelter to 
process 2,700 tons of concentrates per day at 
its San Manuel Mine in Arizona to comply 
with environmental regulations. It would 
require an investment of $135 million to 
retrofit the San Manuel smelter. 

Phelps Dodge’s Hidalgo, NM, smelter 
benefited from 1984’s $27 million rebuilding 
and improvement project and smelted a 
record high 153,300 tons of copper, accord- 
ing to the company’s annual report. The 
corporation determined that it would defer 
the capital expenditures necessary to bring 
its smelters at Ajo and Morenci, AZ, into 
compliance, and consequently, those smelt- 
ers were closed in December 1984 and April 
1985, respectively. Concentrates produced 
at its mines that exceeded what could be 
handled by the two operating smelters at 
Douglas and Hidalgo, AZ, were being sold. 
A $10 million project was in progress to 
relocate a relatively new oxygen plant from 
the Morenci smelter, where production was 
suspended at the end of 1984, to Hidalgo. 
The addition of oxygen enrichment at Hi- 
dalgo was expected to improve energy and 
pollution control efficiencies and benefit 
unit costs there. 

Refinery Production.—Compared with 
the 1984 level, production of refined copper 
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from U.S. primary and secondary plants 
was down in 1985. This was largely the 
result of decreased production at primary 
plants. In 1985, 10 electrolytic refineries, 10 
electrowinning plants, and 6 fire-refining 
facilities operated. During the year, howev- 
er, four of these refineries had closed. At 
yearend, total U.S. refinery capacity, esti- 
mated to be 1,838,300 tons, comprised 
1,407,800 tons being utilized for primary 
metal production and 430,000 tons as sec- 
ondary capacity. 

AMAX closed its Port Nickel refinery in 
Braithwaite, LA, at the end of November. 
The remaining 265 employees were laid off. 
AMAX also began phasing out its secondary 
copper and precious metals refining oper- 
ations at Carteret, NJ. Approximately 
130,000 tons of copper refining capacity 
would be withdrawn through the closure of 
the two AMAX facilities. 

According to the company’s 1985 annual 
report, Asarco’s Amarillo, TX, copper refin- 
ery had a capacity of 414,000 tons of cathode 
and produced 376,000 tons of copper, com- 
pared with 314,000 tons in 1984. The refin- 
ery set a new monthly record-high produc- 
tion of 37,345 tons of refined copper in May. 
The plant was designed to produce 32,000 
tons per month, but the increase in electric 
current efficiency provided by Asarco's pat- 
ented Reatrol process enabled the capacity 
to be exceeded. The Amarillo refinery no 
longer produced wirebar. With completion 
of a $6 million rod cleaning system in early 
1984, the continuous casting copper rod mill 
at Asarco’s Amarillo copper refinery was 
able to produce up to 50 tons, or about 70 
miles, of continuous cast copper rod per 
hour without interruption. About 820 em- 
ployees worked at the Texas operation. 

Duval closed its 5,000-ton-per-year Battle 
Mountain, NV, electrowinning plant in 
1984, but continued to produce copper pre- 
cipitates. United Technologies Essex Inc. 
permanently closed its 34,000-ton-per-year 
fire-refining facility at Three Rivers, MI, in 
April 1985, transferring its home-scrap re- 
proceesing activity to a new continuous cast 
scrap processing operation in Indiana. The 
fire-refining facility of the Metal Bank of 
America in Philadelphia, PA, was closed at 
yearend 1984, as was Chino's fire-refining 
plant in New Mexico. 

According to the Inspiration Resources 
1985 annual report, refining copper produc- 
tion from its refinery complex at Miami, 
AZ, was 70,000 tons in 1985, compared with 
77,000 tons in 1984. Sales of refined copper 


COPPER 


in the United States increased during the 
year to $164 million from $144.4 million in 
1984, as a result of increased concentrate 
purchases and higher mine production. In- 
spiration Consolidated Copper finished a 
renovation of its rod plant in Claypool, AZ, 
registering increased efficiency and produc- 
tion in 1985. 

Kennecott restarted its copper SX-EW 
plant at Ray Mines Div. in December, which 
had been shutdown since 1982. The SX-EW 
plant recovers copper from silicate type ore 
and can produce about 20,000 tons of high- 
purity copper per year. In June, Kennecott 
closed its 195,000-ton-per-year electrolytic 
refinery at Garfield, UT. 

Magma’s San Manuel refinery had an 
annual design capacity of 195,000 tons of 
electrolytic copper. The associated rod plant 
had a capacity of 145,000 tons of continuous 
cast copper rod per year. Gold recovered at 
the refinery from the San Manuel Mine ore 
in 1985 amounted to 20,132 troy ounces and 
sold at an average price of $321.73 per 
ounce, providing a total revenue of $6.5 
million. In addition to gold, the company 
recovered 384,976 ounces of silver and 
85,495 pounds of selenium from San Manuel 
ore. Byproduct molybdenite, recovered at 
the mill, brought the company $9.6 million 
in 1985. Total revenues from metals other 
than copper from the San Manuel Mine was 
$2.5 million, which paid for 21% of its $97 
million payroll in 1985.7 

Magma’s new SX-EW plant was expected 
to considerably lower copper production 
costs at San Manuel when it begins produc- 
tion in mid-1986. The pregnant leach solu- 
tions from the leach pads and later, from 
the in situ deeper level oxide zone, were to 
be pumped to the SX-EW plant, where at 
least 85% of the acid-soluble copper avail- 
able for dump leaching was expected to be 
recovered at a rate of about 22,000 tons of 
refined copper annually. The new plant was 
to use new technology by applying an Aus- 
tralian technique that employs permanent 
steel cathode starter sheets, and a Magma- 
patented mechanism for controlling tank- 
house fumes. The company expected to 
spend about $71 million to develop the oxide 
ore open pit mine, construct the heap leach 
pads, and build the SX-EW plant. Produc- 
tion costs of less than 55 cents per pound 
were anticipated. Newmont’s Pinto Valley 
was producing about 12,000 tons of elec- 
trowon cathode per year at the Pinto Valley 
and Miami Mines. The company may also 
expand the Pinto Valley electrowinning 
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facility. Newmont’s MCR Products Co. 
started shipping copper rod to customers in 
early April 1985 from its newly acquired 
127,000-ton-per-year continuous cast rod 
plant at Cicero, IL. 

A new system of vertical furnace melting 
and anode casting was installed in 1985 at 
Phelps Dodge's El Paso, TX, electrolytic 
refinery plant. Improved technology also 
was being put in place in the tankhouse to 
improve productivity, and a $7 million ener- 
gy cogeneration project was nearing com- 
pletion, all of which were expected to 
strengthen the cost-competitive position of 
this plant. Two modern continuous cast 
copper rod mills in El Paso, TX, and Nor- 
wich, CT, operated at a combined annual 
capacity of 385,500 tons in 1985. The corpo- 
ration was increasing the proportion of 
refined copper sold as rod, and more than 
68% of its refined copper sales outside of the 
corporation was as rod in 1985, compared 
with only 41% in 1983. The new expansion 
to the SX-EW plant at Tyrone, NM, started 
producing cathode on December 1, a month 
ahead of schedule. Burro Chief Copper was 
the operating company for the electrowin- 
ning operations at Tyrone. 

Louisiana Land and Exploration Co. 
(LL&E) was to lease the White Pine refinery 
to Copper Range with the option to pur- 
chase through 1988. Meanwhile, Copper 
Range was expecting to be producing blister 
from the White Pine smelter by the end of 
April 1986. LL&E wrote down $29.9 million 
against the value of the electrolytic copper 
refinery in 1985. 

Copper Suifate."—Copper sulfate was 
produced from copper scrap, blister copper, 
copper precipitates, electrolytic refinery so- 
lutions, and spent electroplating solutions 
by at least seven companies. Imports, pri- 
marily from Canada, Italy, and Peru, 
accounted for about 8% of domestic con- 
sumption during the year. The estimated 
end-use distribution of shipments from do- 
mestic producers was 46% for agricultural 
uses such as fungicides and fertilizers; 42% 
for industrial uses such as metal finishing, 
mineral froth flotation, and wood preserva- 
tives; and 12% for water treatment. 

Chevron Chemical Co., which produced a 
small quantity of copper sulfate during 
1984, had no production in 1985, and Ana- 
conda Minerals permanently closed its 
small Twin Buttes, AZ, operation during 
the last quarter of 1985. 

Kocide Chemical Corp., a major producer 
of copper sulfate, was planning to start up 
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an in situ leaching operation at the old 
underground Van Dyke Mine at Miami, AZ, 
to secure a supply of copper precipitates for 
feedstock at the company’s Casa Grande, 
AZ, copper sulfate plant. Ore reserves at the 
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mine were estimated at 90 million tons of 
0.5% copper in oxide ore, and initial precipi- 
tate production was planned at 3,000 tons of 
copper per year. 


Table 3.—Copper sulfate producers in the United States in 1985 


Company 


Anaconda Minerals k ooo „„ 
CP Chemicals «?y ..... ⁰ 
Kocide Chemical Corp. (formerly International Metals Recycling 


Eu Old Bridge, NJ. 
= El Paso PX 


ZI Santa Fe Springs, CA, Union, IL, Garland, TX. 
Gg Copperhill, TN. 


Corp.). 


Madison Industries In 


Phelps Dodge Corp 


Southern California r cR 
Tennessee Chemical Co DTinm uu -e 


Plant location 


2 Twin Buttes, AZ. 
SES Sewaren, NJ. and Sumpter, SC. 


Casa Grande, AZ. 


Production from these plants is not included in production data. 


Sulfuric Acid Production.—Sulfuric acid 
production as a byproduct of copper smelt- 
ing in the United States was valued at 
$31.8 million for 1985. Four smelters in 
Arizona produced 998,000 tons, and six 
smelters in New Mexico, Tennessee, Texas, 


63,500 tons was consumed at the smelters 
themselves for purposes other than manu- 
facturing acid. Total sulfuric acid produced 
in 1985 as a byproduct of all copper, lead, 
and zinc acid smelters and zinc roasters in 
the United States was 2.9 million tons, 


Utah, and Washington produced 1.27 mil- valued at $56.3 million. 
lion tons of sulfuric acid. Of the total, about 
CONSUMPTION 


Annual demand for copper in the market 
economy countries was about 7.5 million 
tons in 1985, which was about 9% higher 
than the low consumption of 1982. About 
82% of the total was consumed in three 
industrialized regions of Western Europe, 
Japan, and the United States. The United 
States comprised about 29% of the total in 
1985. 

Consumption of copper-mill products in 
1985 by U.S. manufacturers was distributed 
among the end-use sectors and was reported 
by the Copper Development Association Inc. 
(CDAP* as follows: CDA estimates included 
electrical product uses distributed among 
the market sectors, and the end-use alloca- 
tions are distributed based on gross weight 
of copper and copper alloy shipments dur- 
ing the year. Consumption of brass mill, 
wire mill, foundry, and powder mill prod- 
ucts was down 7.2% from that of 1984 and 
was distributed among the following mar- 
ket sectors: construction, 40%; electrical, 
23%; machinery, 14%; transportation, 12%; 
and other (including ordnance), 11%. Ac- 
cording to CDA,” the top 10 markets in the 


United States during 1985 were, in order of 
importance, plumbing, building wire, tele- 
communications, power utilities, in-plant 
equipment, air conditioning, automobile 
electrical, automobile nonelectrical, busi- 
ness electronics, and industrial valves and 
fittings. 

Based on copper content of U.S. apparent 
consumption of copper, including copper 
content of all old scrap, and calculated with 
electrical and electronic uses extracted 
from all sectors except that used in ord- 
nance, the end-use distribution, according 
to the Bureau of Mines, was as follows: 
electrical, 65%; construction, 18%; ma- 
chinery, 6%; transportation, 5%; ordnance, 
2%; and other, 4%. The most significant 
change in recent years has been the in- 
crease in copper consumption relative to 
other sectors by the electrical and electronic 
end-use sector, from about 58% of copper 
consumption in 1979 to about 65% in 1985. 
This also was reflected in the increased 
relative percentage of refined copper con- 
sumption at wire mills, which in 1979 con- 
sumed 69% of reported refined copper con- 
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sumption and in 1985 consumed 72%. 

Recent observations“ by the Internation- 
al Copper Research Association Inc. (IN- 
CRA) indicated a swing away from using 
copper in communications, internal com- 
bustion vehicles, and printed circuit boards. 
Telecommunications cable was the most 
threatened product of the copper wire mar- 
ket. While substitution by optical fibers was 
important, at least five other factors were 
also a threat: (1) microwave transmission, 
including satellites; (2) thinner gauge wire; 
(3) multiplexing; (4) digital systems; and (5) 
electronic switching. Another source?! indi- 
cated that in 1985, the telecommunications 
sector experienced a 2696 drop from that of 
the previous 5 years. In 1985, according to 
INCRA, 80% of all cars made in Western 
Europe had aluminum radiators, but only 
30% of U.S. cars and 4% of Japanese cars. 
In addition, radiator tank components were 
being increasingly made of plastics for both 
copper and aluminum radiators. In 1980, 
the average U.S. auto contained 34 pounds 
of copper, distributed one-third for radiators 
and heaters, one-third for wiring harnesses, 
and one-third for alloys used in the engine 
and elsewhere. In 1985, the average automo- 
bile weighed 3,100 pounds and used about 
31 pounds of copper. Automobile wiring 
has been increasing, but increased use of 
microprocessors may slow this growth. Be- 
tween 1977 and 1983, downsizing, material 
substitution, and increased engine efficien- 
cy accounted for a loss of 15.8% of the 
copper consumed in this industry on a 
worldwide basis. Chrysler Corp. announced 
in 1985 that it would retain copper radiators 
in its U.S. vehicles.“ The major usage of 
copper radiator strip in Europe was in the 
replacement market and/or heavy vehicles. 
There was no imminent threat from alumi- 
num in those segments. 

Four new market opportunities of signifi- 
cance for copper were also indicated by 
INCRA’s research:* heat pumps, solar pow- 
er, desalination facilities, and electric vehi- 
cles. Solar power was a promising area, 
with passive solar the main area for growth 
during the next 20 years. Use of copper 
solar radiator systems in the United States 
consumed more than 10,000 tons annually 
and was growing slowly. Large-scale solar 
electric generation plants were not consid- 
ered economically favorable. Energy-ef- 
ficient heat pumps were being used more 
extensively in heating and cooling build- 
ings. Sales rose from 100,000 units in 1970 
to 500,000 units in 1980 in the United 
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States. By 1990, it was expected that over 
one-third of new homes will be equipped 
with heat pump facilities and the total 
market for the United States will exceed 1.0 
million units. Desalination and other ma- 
rine applications accounted for about 
100,000 tons of copper alloys per year. The 
largest applications continued to be ship 
propellors and condenser tubes for heat 
exchangers in coastal power generating 
plants. Desalination plants remained a 
long-term opportunity for copper. Copper 
usage was also expected to increase in 
copper alloy tooling in fabrication of aero- 
space and automobile advanced composite 
structures, in power handling systems, in 
electronically controlled devices used in 
automated machinery, as power supplies for 
lasers, and in superconducting devices. 

Nuclear canisters were also seen by CDA 
as a growth market. Spent nuclear fuel will 
remain radioactive for about 1 million 
years. The CDA was working on a feasibility 
study under a $6 million contract with the 
U.S. Department of Energy to examine the 
possibilities for the use of copper as nuclear 
containers. The French were currently us- 
ing a solid copper canister.“ 

Changes in the U.S. copper alloy and 
brass mill industry continued during the 
year. From being the fourth largest basic 
industry in the United States, the nonfer- 
rous foundry industry had decreased consid- 
erably in importance over the 3 years end- 
ing with 1985. During this time, about 33% 
of the U.S. casting production was lost to 
overseas foundries, mostly to foundries in 
Taiwan. Much lower wages and significant 
currency devaluations have been largely 
responsible. The average U.S. foundry 
worker was paid $350 per week compared 
with $25 per week in Taiwan. With the 
possible exception of the highly automated 
high-production foundries, the U.S. foundry 
industry has a very serious and continuing 
problem. Furthermore, what happens to the 
nonferrous foundries determines what hap- 
pens to the brass and bronze sales volume of 
the copper and copper-alloy ingot maker 
and the volumes of scrap sold to these 
processors. All experienced drastic de- 
creases in recent years." H. Kramer & Co., 
a major brass ingot maker, filed for bank- 
ruptcy in Chicago. The company's El Segun- 
do, CA, plant was sold to Cerro Metal 
Products. Among the larger producers, Cen- 
tury Brass Products Co. closed its brass mill 
in Waterbury, CT, in February 1985. The 
mill closed after the labor union's rejection 
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of a request for wage and benefit conces- 
sions. A group of investors formed Buffalo 
Brass to buy out Anaconda Industries’ 
American Brass Div. plants. The company 
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then sold two of the Connecticut plants to 
Valley Brass. Buffalo Brass would continue 
to operate plants in Buffalo, NY, Kenosha, 
WI, and Franklin, KY. 


STOCKS 


High-grade copper sales, contracts, and 
inventories and their relationship with com- 
modity exchange copper contracts compar- 
ed with the demands of the copper market- 
place spawned some new market elements. 
The problem of a large quantity of poor- 
quality wirebar inventories and other forms 
deliverable against COMEX and the LME 
higher grade copper contracts had been 
perceived for some time as holding down 
the price of genuine higher grade copper, 
which was also deliverable to these con- 
tracts. With a major proportion of stocks in 
the LME high-grade, and COMEX copper 
contracts actually unsuited to the high- 
grade consumer’s needs, a system of off- 
market premiums evolved for good-quality 
copper. The price of this copper was de- 
pressed to such an extent that the LME 
standard cathode contract traded at a pre- 
mium to its higher grade companion for a 
time in 1984. In addition, the high-grade 
contract failed at mid-1985 to attract suffi- 
cient material into warehouses to prevent 
backwardation forming; the tightness was 
exacerbated by the presence in what little 
stock there was of poor-quality wirebars. 
The cost of buying these wirebars and 
reprocessing them to raise their quality was 
beyond the resources of the producing coun- 
tries, 80 this solution was not taken. Even- 
tually, in 1985, the LME decided to opt for a 
two-contract system—standard and Grade- 
A. The standard contract was to include all 
grades, including Grade-A deliverable mate- 
rial. The Grade-A contract would include 
high-grade cathode plus some select wirebar 
brands. The new LME two-contract system, 
with the Grade-A contract deliverable 
against the standard contract, avoided the 
need to declare the poor-quality wirebars 
nondeliverable. Three-month trading of the 
new Grade-A contract was scheduled to 
begin on April 1, 1986, with cash trading 
beginning July 1. 

The Midamerica Commodity Exchange in 
Chicago, IL, submitted recommendations at 
yearend to the Commodity Futures Trading 
Commission (CFTC) that would bring that 
exchange's copper futures contract more in 
line with the LME. An increase in the 
contract size from 12,500 pounds to 55,000 


pounds of high-grade copper, compatible 
with LME's higher grade contract, was 
recommended. It also recommended that 
both U.S. and European warehouses be 
registered as delivery points, a move that 
would give the new contract access to imme- 
diate liquidity, as well as making the con- 
tract truly arbitrable with Europe. The 
contract was expected to start in 1986. 

COMEX also submitted a proposal to the 
CFTC for a new high-grade contract plus an 
amendment to the current contract, in- 
creasing the premium for No. 1 electrolytic 
cathode by 1 cent to 1.5 cents per pound, in 
an effort to upgrade the exchange's existing 
contract in keeping with the dominance of 
high-grade copper in the international mar- 
ketplace. Only No. 1 electrolytic cathode 
would be deliverable under the proposed 
contract, but its size, all delivery points, and 
trading hours would remain the same as in 
the current contract. There was a shortage 
of copper coming into COMEX warehouses, 
owing to the poor quality of existing COM- 
EX stocks, the lack of new low-grade copper 
supplies on the market, and the low COM- 
EX contract price.“ The only available 
refined copper supplies on the market were 
high-grade, but COMEX prices would have 
to increase 3 to 4 cents per pound before 
high-grade metal will go to COMEX rather 
than to the consumer. Brokers and dealers 
were sometimes transacting their own busi- 
ness and writing their own contracts with 
their own terms rather than working 
through an exchange broker because of the 
confusion in the contract terms. 

The contraction of COMEX stocks during 
the past 2 years was attributed to domestic 
refined copper production cutbacks and 
steady demand for COMEX material by 
brass mills. At the end of 1983, COMEX 
copper inventories stood near a record high 
of 371,000 tons. By the end of 1984, invento- 
ries had receded to 251,000 tons. This dra- 
matic decrease continued through 1985 to 
109,000 tons at yearend, the lowest level in 
almost 5 years. Most of the remaining 
Stocks on COMEX were standard cathode 
and fire-refined ingot at yearend 1983. Asa 
result, brass mills have constituted the 
single largest consumer of COMEX invento- 
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ries over the past 2 years. The standard 
COMEX grades and shapes were reportedly 
more energy efficient than No. 1 scrap and 
were preferred despite the COMEX premi- 
um of 3 to 4 cents over the price of No. 1 
scrap. In addition, some Chilean ingot bars 
that previously had been exported to the 
United States were being shipped to Europe 
because of slightly higher prices prevailing 
in continental markets.“ Primary fire- 
refined copper ingot from Chino also ceased 
with the startup of their new anode furnace. 

The increase in LME stocks during 1985 
was 63,000 tons, but in October was as high 
as 80,500 tons. Stocks of copper in the LME 
warehouses fell from 205, 600 tons in the 
first week of October to 184,025 tons in 
early December, of which 131, 825 tons was 
high-grade cathodes, 48, 650 tons was wire- 
bars, and 3,550 tons was standard-grade 
cathodes. At the beginning of January 1985, 
LME inventories were 125,075 tons, com- 
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prised of 69,950 tons of wirebar, 47,150 tons 
of high-grade cathode, and 7,975 tons of 
standard-grade cathode. 

In copper, the norma! range of invento- 
ries was the equivalent of 1 to 1.75 months 
worth of current consumption, according to 
some analysts. It was speculated that one 
aspect of the inventory-price relationship 
that might be increasingly important, and 
one that might help to explain some of the 
metal price weakness since 1983, was the 
greater role of exchange warehouses as the 
location of metal inventories. The percent- 
age of total metal stocks held on the ex- 
changes peaked in 1983 compared with 
those held by producers. High inventories 
have a more negative effect on prices, the 
closer those inventories are to the market. 
The more inventory held by producers, the 
greater resistance to selling at just any 
price. Inventory levels might therefore be 
the most important guide to price trends.“ 


PRICES 


The strength of the U.S. dollar and the 
seasonal weak demand of domestic semi- 
fabricators were two major factors for U.S. 
copper price weakness through much of 
1985. Copper prices on the COMEX improv- 
ed to about 70 cents per pound in the second 
quarter in response to the continued drop in 
refined copper inventories, but remained 
depressed at about 66 cents per pound from 
July through November as refined copper 
Stocks accumulated in response to seasonal 
lower demand. However, the weakening 
dollar and renewed drawdown of refined 
copper stocks on the COMEX in September 
exerted a modest upward influence on U.S. 
prices by yearend. The COMEX price aver- 
aged 63.2 cents in December. 

Suspension of trading of tin on the LME 
in October also temporarily dampened de- 
mand and price for copper. The tin crisis 
broke on October 24, and the nature of 
trading on all LME rings altered markedly. 
Between October 24 and October 31, the 
LME price for copper decreased by up to 
5.8% as traders made adjustments for the 
International Tin Council members who 
were in default to members of the exchange. 
However, there was little evidence that 
trading had become distorted to the extent 
that LME prices for copper had become 
seriously divorced from the market funda- 
mentals. 

According to some analysts,“ the changes 
in exchange rates in recent years have had 


their largest effect among metals markets 
on the copper market. The copper-produc- 
ing nations had the largest devaluations in 
excess of inflation than producers for other 
metals. Low copper prices triggered deval- 
uations in those countries where it was a 
major source of export income. Currency 
fluctuations were considered a major factor 
in making some mining and production 
operations profitable or unprofitable. It was 
suggested that had the excessive deval- 
uations not occurred, copper prices in U.S. 
dollars would have been 2796 higher in 1984 
than was the case. In other words, instead of 
the LME price of 62 cents per pound, the 
price would have been about 79 cents per 
pound. A 79-cent producer-realized price 
would allow almost all U.S. mines at least 
to break even and show a small profit. The 
strength of the dollar seemed to have been 
the major factor behind the supply-demand 
fundamentals relationship with price, in- 
cluding lower levels of consumption, higher 
levels of production, and corresponding 
changes in inventory that eroded part of the 
gains in dollar prices. 

Market conditions during the past several 
years brought about some pricing changes 
by U.S. producers for their cathode and rod 
in an attempt to address the needs of the 
consumer. Some producers adopted a flexi- 
ble premium structure based on COMEX 
prices, while others regularly adjusted 
prices to follow the COMEX spot price but 
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were not tied to it. Phelps Dodge has been 
using a COMEX-based pricing method for 
its copper rod for more than 2 years. In 
January 1985, Corporación Nacional del 
Cobre de Chile (CODELCO-Chile) also 
switched to this premium pricing method 
for its cathode sold in the United States. In 
November, Newmont announced an inten- 
tion to put into effect its premium pricing 
system over the COMEX settlement price 
for its cathode sales beginning in January 
1986, breaking a longstanding tradition of 
producer pricing. Inco Ltd., Kidd Creek 
Mines Ltd., and Noranda Mining Inc. also 
had COMEX-related pricing structures. 
Asarco, Duval, Inspiration Resources, and 
Phelps Dodge all retained producer cathode 
price structures. 

Phelps Dodge's rod premium was 9.5 
cents per pound more than COMEX prices 
through the end of 1985. Premiums for 
cathode sold by merchants on the east coast 
averaged 5 cents per pound over COMEX at 
yearend; by comparison, premiums were as 
low as 5 cents when Phelps Dodge first 
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switched to a COMEX-based pricing system 
on January 1, 1984. Prior to that change, 
the company had priced its rod on the basis 
of a 4.85 cents per pound premium over its 
published cathode price. 

No. 2 copper scrap was stable in price 
throughout 1985 at about 37.50 cents per 
pound average per month. This compared 
with an average monthly price for 1984 that 
in January was 41.17 cents per pound and 
decreased to 35.67 cents in December. The 
average price of No. 2 copper scrap during 
1984 was 39.81 cents. The average price for 
red brass solids ended 1985 at 39.5 cents per 
pound, compared with a January price of 
40.50 cents per pound.“ 

Representative prices of brass and bronze 
ingots, in cents per pound, as quoted by 
ingot makers, effective June 7, 1985, were as 
follows: alloy 100 at 91 cents; alloy 110 at 
90.25 cents; alloy 193 (88-10-2 group) at 
209.50 cents; alloy 327 (80-10-10 group) at 
88.25 cents; and alloy 295 at 164.00 cents. In 
the yellow group, alloy 400 was quoted at 
71.25 cents and alloy 409 at 82.25 cents.“ 


TRADE 


The U.S. import reliance for refined cop- 
per was at a record high during 1985. As a 
percentage of apparent consumption of re- 
fined copper, the U.S. import reliance 
reached 28% in 1985; this compared with an 
import reliance of 1% as recently as 1982. 
This was attributed to the drawdown of 
inventories from COMEX in lieu of increas- 
ed refined imports, which although high, 
were at a lower level than refined copper 
imports of 1984. At the same time, domestic 
exports of copper in scrap and concentrates 
increased significantly during the year, 
largely as a result of a slowdown in domes- 
tic brass mill and copper smelter activity. A 
shortage of high-grade copper concentrates 
relative to available international smelter 
capacity, and the sale of a significant por- 
tion of a domestic copper mining facility to 
a Japanese firm, resulted in a substantial 
increase in export of copper ores and con- 
centrates to Canada, Japan, the Republic of 
Korea, and Taiwan during the year. 

The surge in imports over the past 2 years 
of lower priced copper and copper alloy 
semimanufactures also was seen as being 
responsible for the weakening of scrap sales 
to domestic brass mills. Às a result of soft 
U.S. markets, scrap dealers reportedly turn- 
ed to Asian, Canadian, and European mar- 
kets for sales. Scrap exports accordingly 


jumped by two-thirds, primarily to the more 
favorably priced markets in Belgium, Cana- 
da, the Federal Republic of Germany, Italy, 
Japan, the Republic of Korea, and Taiwan, 
where scrap demand by expanding copper 
semimanufacturing industries had grown. 

Imports of brass mill products (copper rod 
used for electrical wire purposes is not 
included) fell by 17.6% during 1985 to 
216,700 tons, compared with the record high 
of 263,000 tons imported in 1984. However, 
the amount imported was still significantly 
higher than the 182,000 tons imported in 
1983. Exports of copper and brass mill 
products leveled off at near 1984 levels, 
reaching 30,700 tons during 1985. This was 
down considerably from the record high of 
96,400 tons exported in 1980. Most brass 
mill product exports went to Canada and 
Mexico. 

CODELCO-Chile USA assumed responsi- 
bility from Cerro Sales Corp. as CODELCO- 
Chile's sales agent in the United States and 
Canada, effective January 1, 1986. Cerro 
Sales had been CODELCO-Chile's sales 
agent in the United States and Canada for 
10 years and handled about 125,000 tons per 
year of CODELCO-Chile's copper. Westing- 
house Corp.'s Abingdon continuous cast rod 
mill's business was shifting from tolling to 
more direct rod sales and it increased cop- 
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per purchases from Chile during the year to 
provide the material for this new direction. 
CODELCO-Chile was reported as selling 
1,500 tons of refined copper per month and 
Empresa Nacional de Mineria (ENAMI) 750 
tons per month to Westinghouse, which had 
an annual capacity of 60,800 tons of contin- 
uous cast rod.“ 

Final antidumping duties of 3.3% were to 
be imposed on imports of low-fuming braz- 
ing copper wire and rod from the Republic 
of South Africa as a result of a ruling by the 
International Trade Commission at year- 
end. The unfair trading cases were aimed at 
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subsidiaries of McKechnic Bros. Ltd., a 
United Kingdom-based firm with operations 
in both the United Kingdom and the Repub- 
lic of South Africa, and were filed in Febru- 
ary 1985 by American Brass Co., Century 
Brass, and Cerro Metal Products. The Inter- 
national Trade Commission also found that 
imports of low-fuming copper brazing rod 
and wire from New Zealand had caused 
injury to domestic producers. Importers of 
New Zealand material will be required to 
pay a combination of antidumping and 
countervailing duties equivalent to 26.93% 
of the product value. 


WORLD REVIEW 


World mine production of copper rose by 
nearly 130,000 tons in 1985, reaching 8.1 
million tons; most of that increase was in 
market economy countries. Australia, Can- 
ada, Chile, Papua New Guinea, and Peru 
accounted for most of the increased produc- 
tion. World refined production also increas- 
ed marginally. Copper consumption rose at 
a moderate rate during the first part of 
1985, and for a while, industry and terminal 
market stocks plummeted weekly. For the 
year, world copper consumption decreased 
slightly to 9.7 million tons. Market economy 
country consumption of refined copper 
decreased during the year owing to cut- 
backs in Canada, Japan, and some Western 
European countries. Increased consumption 
was indicated for Australia, Belgium, Bra- 
zil, China, the Republic of Korea, Mexico, 
Sweden, the United States, and centrally 
planned economy countries.“ At yearend, 
lower oil prices and a further decline in the 
value of the dollar helped to stimulate 
consumption in the United States. The 
strengthening Japanese yen had the oppo- 
site effect upon Japan’s copper consump- 
tion, where imports of refined copper in 
1985 were down sharply from those of 1984. 

At the beginning of 1985, a slight deficit 
developed in the market economy countries’ 
balance of copper supply and demand, 
largely as a result of the strong inventory 
drawdown that had occurred in 1984 and 
early 1985. Strikes in Australia and Peru, 
the earthquake in Chile, and the shutdown 
of the Bingham pit in the United States 
early in the year were also factors in re- 
ducing world supply. The deficit was elim- 
inated by the third quarter, however, and 
LME refined copper stocks rose rapidly in 
response to reduced demand. Although total 
refined copper stocks decreased in the Unit- 


ed States by about 253,000 tons during 
1985, commercial stocks outside of the Unit- 
ed States increased during the year by 
about 78,000 tons, according to the World 
Bureau of Metal Statistics.“ 

Major copper producers started setting 
their 1986 cathode premium structures in 
October. CODELCO-Chile lowered its pre- 
mium for an average pricing by $3.04 to 
$4.56 per ton and reduced its premium for 
unknown pricing by $4.56 to $24.30 per ton. 
All sales in Europe and Japan were to be 
based on the LME higher grade settlement 
price through June 30, 1986, and on the new 
Grade-A contract that was to start July 1, 
1986. The Metal Marketing Corp. of Zambia 
Ltd. (Memaco) announced that its premi- 
ums were to be unchanged from the 1985 
contract—specifically, a $38-per-ton premi- 
um for fixed known prices, and a $30.40-per- 
ton premium for unknown prices. In addi- 
tion, Zambia’s customers were to be offered 
less tonnage in 1986 than they contracted 
for in 1985 since Memaco overcommitted 
itself for 1985 contracts.“ 

The LME Committee approved four 
brands of copper wirebar as deliverable 
against the new Grade-A copper contract 
approved in late 1985: Chile’s CCC/MR, 
Poland’s HMG Zaire’s UMK, and Zambia’s 
REC refined copper wirebar brands. Twelve 
wirebar brands were initially considered.“ 

Exports of copper concentrates increased 
from Australia, Chile (increased by 100,000 
tons), Peru, the United States, and Zaire. 
Exports of refined copper decreased signifi- 
cantly from Zambia from 530,100 tons in 
1984 to 474,500 tons in 1985. Decreased 
exports of concentrates and refined copper 
were also reported by Canada. Imports of 
concentrates by Finland, the Federal Re- 
public of Germany, Japan, and the Republic 
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of Korea were up marginally. Only Bel- 
gium, China, India, Italy, the Republic of 
Korea, and the United Kingdom indicated 
increased imports of refined copper.“ 

Smelting and refining charges for concen- 
trates that had dropped on international 
markets from about 8 cents refining charge 
(R/C), $60 per ton of concentrate treatment 
charge (T/C) to about 4 cents per pound R/C 
and under $20 per dry ton T/C in mid-1984, 
stabilized at yearend 1984, and ranged from 
6 to 7 cents R/C and $40 to $50 per ton T/C 
during 1985. The drop in custom concen- 
trate supplies, owing to mine closures in 
Canada and the Philippines, was balanced 
by smelter cutbacks in Japan and smelter 
closures in the United States. 

The Governments of Chile and China 
agreed in principle that China would buy 
Chilean copper concentrates and sell Chile 
petroleum in exchange. The accord was 
announced near the end of 1985 at the 
closing of the eighth Sino-Chilean Trade 
and Commerce Conference. The copper- 
petroleum agreement was being organized 
by CODELCO-Chile and the China Interna- 
tional Trust Investment Corp. China hoped 
to become less dependent upon copper im- 
ports during the 5-year plan that begins 
in 1986, according to the China National 
Nonferrous Metals Import-Export Corp. 
(CNNMIEC). Cuts in imports would be 
made possible by increasing domestic out- 
put. Imports of copper into China in 1985 
were 356,000 tons“ compared with 254,045 
tons in 1984 and 485,863 tons in 1983. 

The 12 European Economic Community 
(EEC) nations will be authorized to export 
about 30,200 tons of copper scrap and 25,000 
tons of copper ash in 1986, according to 
export quota restrictions set by the EEC. In 
addition, 10 of the EEC nations will be 
allowed to export 14,000 tons of copper 
scrap and 5,000 tons of copper ash to Spain. 
The levels set were roughly similar to those 
fixed for 1985 and were presumed necessary 
to prevent supply shortfalls on European 
copper scrap markets.“ 

The copper price rise of the late 1970's 
prompted plans and discussions for new 
capacity. Many of these had since been 
placed on hold, but with changing exchange 
rates, lowered labor rates, and technological 
and economical innovations, some of these 
projects were being reactivated or recon- 
sidered in 1985 with lower production costs 
quoted. Although the yen and other indus- 
trialized countries’ currencies strengthened 
vis-a-vis the dollar near yearend, the cop- 
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per-producing countries’ currencies contin- 
ued to weaken during the year, thereby 
effectively lowering production costs. The 
currencies of Australia, Brazil, Canada, 
Chile, Mexico, Peru, the Philippines, Zaire, 
and Zambia all weakened significantly 
against the U.S. dollar during 1985. Projects 
reactivated in Canada included the Brenda 
Mine, which had previous production costs 
quoted at 80 cents per pound. Projects being 
reconsidered in Chile included Cerro Colo- 
rado, previously requiring prices of about 
$1.10 per pound. In Mexico, a copper price 
of $1.00 to $1.10 was to have been required 
to expand the Cananea open pit. In Peru, 
the Cobriza project had a break-even point 
of $1.30 per pound, with cash costs in 1984 
of about 84 cents per pound for the expand- 
ed production. Cerro Verde II sulfide ore 
would have required 90 cents per pound to 
break even. Revised plans for & smaller 
operation indicated a break-even level at 
only 56 cents per pound. Development plans 
also were announced during the year at 
both the Ok Tedi deposit in Papua New 
Guinea and at the Roxby Downs deposit in 
South Australia. 

Australia.—In 1985, average copper 
prices in Australia were $2,066 per ton, 30% 
higher than in 1984 mainly because of the 
relative weakness of the Australian dollar. 
Australian copper prices began 1985 at 
$1,600 per ton, the year’s minimum, and 
increased steadily to reach the high for the 
year of $2,440 per ton on April 29. Prices 
closed the year at $2,100 per ton. 

Western Mining Corp. Holdings Ltd. 
(WMCH) and British Petroleum Ltd.’s (BP) 
BP Australia Ltd. announced that the 
Olympic Dam Project at Roxby Downs 
would proceed with construction beginning 
in early 1986. The project was to cost be- 
tween $550 and $600 million and produce 
55,000 tons of copper, 2,000 tons of uranium 
oxide, and up to 90,000 ounces of gold per 
year. The initial gold production was to 
start in 1987 with copper and uranium 
production to begin in 1988. Copper produc- 
tion was scheduled to begin in 1988 at the 
rate of 30,000 tons per year, rising to 55,000 
tons per year in the second phase. Ore 
reserve base estimates“ were given as 2 
billion tons of 1.6% copper demonstrated, or 
about 32 million tons of contained copper. 
The two firms outlined at the end of 1983 a 
major high-grade ore body within the main 
ore body containing probable ore reserves of 
450 million tons at 2.5% copper, 0.8 kilo 
gram of uranium oxide per ton, 0.6 gram of 


COPPER 


gold per ton, and 6 grams of silver per ton. 
WMCH's subsidiary, Roxby Mining Corp., 
will be a 51% owner of the project, and BP 
Australia will hold a 49% interest. 

At CRA Ltd.’s mine in Cobar, western 
New South Wales, the installation of new 
underground ore handling facilities was 
completed as part of an expansion project 
involving development of the lower levels of 
the mine to raise capacity to about 850,000 
tons of ore per year. CRA and the New 
South Wales government reached an agree- 
ment in May that helped to keep the Cobar 
copper mine open. The government gave 
undisclosed concessions in return for the 
company’s pledge to spend $4.8 million in 
development on the deeper ore bodies. The 
arrangement followed an earlier agreement 
with unions at the mine that led to major 
changes in work practices. With these 
changes, output from the mine was ex- 
pected to rise from 600,000 tons of ore per 
year to 850,000 tons per year. 

Belgium-Luxembourg.—Major projects 
for the financial year at Métallurgie Ho- 
boken-Overpelt SA's Hoboken facilities in- 
cluded the continued construction of two 
electric furnaces as part of the smelter 
modernization program that was started in 
June 1984. One furnace started up in Sep- 
tember 1985; the other was to start up in 
1986. In addition, a modernization of the 
blast furnaces at Hoboken was in process, 
including an increase in the capacity of one 
of the furnaces. At Olen, a plant was under 
construction for the continuous melting and 
refining of copper in a vertical furnace. 
Both the feed charging and anode removal 
operations were to be highly raechanized 
and operational by mid-1986. Copper 
smelter capacity at Belgium's two smelters, 
Beerse and Hoboken, was estimated to be 
172,000 tons of blister copper per year. The 
100,000-ton-per-year Beerse smelter was 
owned by La Metallo Chimique SA. Refin- 
ing capacity in 1985 was estimated to be 
480,000 tons of copper per year at Beerse, 
Hoboken, and Olen. 

Brazil.—In January, Caraíba Metais S.A. 
brought on-line its underground mine at 
Jaguarari, Bahia State. The company was 
already operating an open pit at the site, 
producing about 32,000 tons of copper in 
concentrates in 1985. Output from the new 
underground mine was expected to reach 
15,000 tons per year when at full capacity in 
3 years. Production from the Pedra Verde 
Mine, operated by Guanordeste Mineração 
e Comércio Ltda. started in 1984 at a rate of 
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80 tons per month of contained copper. 
Brazil's state-owned Cia. Vale do Rio Doce 
was to start up a $6 million pilot plant at 
the Salobo Mine in Carajás in March 1986. 
The plant was part of a $600 million devel- 
opment scheduled to come on-stream in 
1988. The deposit was estimated to contain 
1.2 billion tons of ore with an average grade 
of 0.85% copper. Cathode production at 
Brazil's Caraíba Metais refinery was 93,880 
tons in 1985, 62,100 tons in 1984, 55,074 tons 
in 1983, and 2,901 tons in 1982. The smelter 
has a blister capacity of 150,000 tons per 
year. 

Burma.—Mitsui Mining Co. of Japan ne- 
gotiated a contract during 1985 with Bur- 
ma’s No. 1 Mining Corp. for 15,000 tons of 
concentrates from the Monywa Mine. Ore 
reserves at the mine were given as 117 
million tons with a grade of 0.734% copper 
at yearend 1984. Projected life of the mine 
was estimated at 48 years at current pro- 
duction rates. 

Canada.—Despite the fall of nickel and 
zinc prices at the end of 1985, which had a 
negative impact on Canadian copper pro- 
duction, mine production of copper increas- 
ed compared with that of 1984 and was well 
above 1981 and 1982 levels. There was no 
Canadian producer mining only copper dur- 
ing the year. The largest copper producer 
was the nickel company Inco, followed by 
Kidd Creek Mines. 

BP Canada Inc. was planning a $125 
million project to bring a new zinc-copper- 
silver ore body into production at Les Mines 
Selbaie, northwest Quebec, by late 1986. 
The move follows BP Canada’s acquisition 
of Hudbay (Quebec) Ltd., formerly owned 
87.5% by Dome Petroleum Ltd., giving the 
company two-thirds ownership in the Sel- 
baie Mine. A production of 27,400 tons per 
year of copper was expected from the open 
pit mine by November 1987. The Quebec 
government was to provide 20% of capital 
costs via a grant of up to $18 million. In 
December, Esso Minerals Canada Ltd. 
agreed to purchase a 35% interest in BP 
Canada's Selbaie operations. 

Gibraltar Mines Ltd. was to build a leach 
facility for leaching waste and low-grade 
dumps at its copper-molybdenum mine near 
McCleese Lake, British Columbia. The $12.3 
million unit will include an SX-EW plant 
with 5,000-ton-per-year copper capacity. 
The mine had been operating at a loss since 
1981, producing about 150,000 tons per year 
of 26.6% copper concentrates with byprod- 
uct molybdenum in 1985. Plant construc- 
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tion was to be completed in October 1986. 

Less than a month after Noranda put its 
Rudolf Wolff Group up for sale, the compa- 
ny restructured its operations, splitting 
Noranda Minerals into three operating 
groups, Noranda Copper, Noranda Mining, 
and Noranda Zinc. Noranda Copper includ- 
ed, in increasing order of processing, the 
Horne smelter, Canadian Copper Refineries 
(CCR); the Gaspe Div.; Chadborne; Bell Cop- 
per; Remnor; and Micrometallic, a comput- 
er scrap business in the United States. 
Noranda Mining will consist of Geco Div. 
(copper, silver, zinc); Mattabi Mines (copper, 
Silver, zinc); Lynn Lake Div. (copper, lead, 
silver, zinc); Golden Giant (gold); Central 
Canada Potash; Brenda Mines (copper, mo- 
lybdenum); Pamour (gold); and Mining 
Corp., a mine development contracting con- 
cern. A combination of British Columbian 
government assistance, labor cooperation, 
and lower electric and tax rates allowed 
Noranda to reopen its Bell and Brenda 
copper mines in British Columbia early in 
September.** The British Columbia Legisla- 
ture recommended in June 1985 that both 
the Bell and Brenda Mines should be given 
some Provincial assistance to reopen. Labor 
contracts were extended without salary in- 
creases to June 30, 1987, with the addition 
of a profit-sharing plan. The company ex- 
pected to produce 21,300 tons per year of 
copper in concentrate at the Bell Mine, 
which had been closed since 1982, as well as 
25,000 ounces of gold and 125,000 ounces of 
silver. Bell had reserves of 42.7 million tons 
of ore grading 5.1% copper. The Noranda 
Brenda copper-molybdenum mine only pro- 
duced for 7 months in 1984, closing on 
December 14, 1984. Brenda had a capacity 
of 14,000 tons per year of copper and 6 
million pounds per year of molybdenum. 
Both mines were expected to cease oper- 
ations by yearend 1988 after exhaustion of 
economic reserves. 

Sherritt Gordon Mines Ltd. took a $23.2 
million charge against its 1985 earnings as 
a provision for write-down of its lower grade 
ore reserves at its Ruttan Mine in Manito- 
ba. Nonetheless, production was scheduled 
to increase at Ruttan, with operating plans 
calling for about 31,300 tons of copper in 
concentrate plus zinc for 1986 compared 
with & production of 20,400 tons of copper 
and 15,900 tons of zinc in 1985. Sheritt's 
copper and zinc concentrates were sold to 
the Flin Flon smelter of Hudson Bay Min- 
ing and Smelting Co. Ltd. 

Lornex Mining Corp. Ltd. and Cominco 
Ltd. planned to combine their assets in 
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Highland Valley, British Columbia, to form 
one of the largest copper mines in North 
America. Annual concentrate output from 
the combined Highland operations will con- 
tain in excess of 180,000 tons per year of 
copper and significant quantities of gold 
and silver. Cominco’s higher grade Valley 
Mine had ore reserves of 800 million tons of 
0.48% copper plus gold and silver values. 
The Lornex Mine had ore reserves of 385 
million tons of 0.38% copper and 0.03% 
molybdenum. Cominco and Lornex were to 
share control and management of the ven- 
ture, and expansion work was to start in 
May 1986. 

Teck Corp. held 22% of Lornex Mining, 
which was a member of the Rio Tinto Zinc 
Group and 68.1% owned by Rio Algom Ltd. 
Teck also held a 73% interest in the Afton 
copper-gold mine with Metallgesellschaft 
Canada Ltd. Afton, which is east of Kam- 
loops, British Columbia, returned to profit 
during the year, producing 22,400 tons of 
copper and 48,559 ounces of gold. Rio Al- 
gom’s East Kemptville tin mine started 
trial production. About 1,500 tons of byprod- 
uct copper in concentrates per year was 
expected to be produced at full capacity. 

Falconbridge Ltd. agreed to acquire Kidd 
Creek Mines for $446 million from Canada 
Development Corp. (CDC), an 11% Provin- 
cial government-owned firm with invest- 
ment in chemicals, energy, and mining. Not 
included was the company’s interest in the 
Allen potash mine and lead-zinc mine on 
Baffin Island. CDC will receive a 20% stake 
in Falconbridge as part of the agreement 
that is to be completed in 1986. Earlier in 
the year, Dome Mines and its affiliate 
McIntyre Mines Ltd. had taken a 30% share 
of Falconbridge, which gained Kidd Creek’s 
newly modernized Timmins metallurgical 
complex that included a zinc smelter and a 
copper smelter and refinery. Kidd Creek 
Mines had invested about $300 million to 
modernize the Timmins copper refining and 
smelting plants, which were raised from 
59,000 tons of copper per year to a capacity 
of 90,000 tons per year. Kidd Creek’s Tim- 
mins smelter, which used the Mitsubishi 
smelting process, was shut beginning in 
April for 51 days for major modifications to 
the smelter acid plant and related equip- 
ment as part of the expansion program. The 
casting line at the copper smelter-refinery 
also was closed for nearly a month because 
of an anode furnace spill. 

The Quebec government announced regu- 
lations in February to control the emission 
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of sulfur dioxide. Noranda’s Gaspe and 
Horne smelters will be required by the end 
of 1990 to contain 65% and 50%, respective- 
ly, of the sulfur entering the plants. The 
Horne smelter will be also required to 
contain 35% of the sulfur entering the plant 
by the end of 1989. Noranda’s Gaspe smelter 
operated through the year with imported 
concentrates from South America and those 
produced at the Needle Mountain Mine; the 
Copper Mountain open pit remained closed. 

The Canadian Government was to pro- 
vide up to $107 million in financial assist- 
ance to the smelting industry to cut sulfur 
dioxide emissions in half over the next 10 
years as part of a long-range acid rain 
cleanup program. The Ministry of the Envi- 
ronment set a target date of 1994 for smelt- 
ers to reduce emissions by 50% throughout 
the country. Estimates of the total cost of 
improving the five largest sulfur dioxide 
emitters range from $504 million to $720 
million.“ 

Chile.— Copper production in Chile in 
1985 amounted to 1.36 million tons, up 
about 5% over that of 1984. CODELCO- 
Chile accounted for 1.08 million tons of 
the total. The Chuquicamata Div. produced 
51% of CODELCO-Chile's mine output, fol- 
lowed by the El Teniente Div., 30%; the 
Andina Div., 10%; and the El Salvador Div., 
9%. CODELCO-Chile reported pretax prof- 
its of $437.6 million on revenues of $1.6 
million in 1985, compared with $332.6 mil- 
lion on gross revenues of $1.5 million in 
1984. Over $411 million was transferred to 
the Chilean Government during 1985, or 
about $100 million less than in 1984.5* Chile 
received $850.1 million from the IMF for a 
3-year funding program. Under the terms of 
the program, Chile would have immediate 
access to $60 million in IMF credit and an 
additional $73.1 million in compensatory 
financing to make up for loss of export 
income amounting to $244.5 million during 
the 12 months ending in March 1985. Most 
of the shortfall, about $161.6 million, was 
attributable to a drop in the export volume 
and unit value of copper. Chile's economic 
program for the next 2 years, which the 
loan was aimed at supporting, required an 
expansion of exports. To stimulate foreign 
investment, Chile approved changes in the 
foreign investment code including the ex- 
tension from 10 to 20 years of the guaran- 
tees of a fixed 49.5% tax rate and other tax 
benefits. Chile was attempting to establish 
better conditions for financing several cop- 
per projects under study, including the 
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Cerro Colorado copper mine and the La 
Escondida copper mine.“ 

Chile's small- and medium-sized mines 
obtained a $100 million loan from the World 
Bank. One-half of the money was to be used 
by ENAMI to improve the efficiency of its 
Ventanas refinery, two smelters, and sever- 
al concentrators, and the rest for mine 
development and other investments at 
small- and medium-sized mines. In 1985, La 
Sociedad Nacional de Minería (SONAMI) 
members produced 263,900 tons of copper, 
up from 257,000 tons in 1984. 

CODELCO-Chile expected to invest $310 
million in its four operating divisions in 
1985, and another $300 million during 1986 
to maintain existing production levels. Of 
the planned investments, $97 million was to 
go toward pollution control. CODELCO- 
Chile noted that about $250 million already 
had been invested in environmental protec- 
tion equipment at Chuquicamata Div. 
Planned investments at Chuquicamata in- 
cluded $17.7 million for a refinery program, 
$22 million for a flash smelter and related 
equipment, $13.6 million for a sulfuric acid 
plant for the flash smelter, and $81 million 
for power improvements. At El Salvador 
Div., $6 million was allotted for mine devel- 
opment, and at Andina Div., $5.4 million for 
tailings disposal. At El Teniente Div., mine 
infrastructure was to receive $39.2 million; 
transport and storage of tailings, $20.1 mil- 
lion; and expansion of the Colon concentra- 
tor, $14.1 million. CODELCO-Chile planned 
to invest $1,200 million at its Chuquicamata 
Div. over the next 5 years. 

CODELCO-Chile was to begin develop- 
ment of two new mines, Chuquicamata 
Norte and Elabra. Copper production capac- 
ity was to be raised at Chuquicamata from 
the current rate of 550,000 tons of copper 
per year to about 850,000 tons per year upon 
completion of the investment. The concen- 
trator was to be expanded to 153,000 tons of 
ore per day by 1987. A new 30,000-ton-per- 
day in-pit ore crusher recently was in- 
stalled. About 100,000 tons of ore per day 
was processed with an average grade of 
1.6% copper, yielding about 4,000 tons of 
concentrates per day from the Chuquicama- 
ta pit, which was about 2 kilometers wide, 
3.8 kilometers long, and 478 meters deep. 
Reserves were estimated at 1.7 billion tons 
of copper ore containing an average of 
1.0496 copper. 

A $90 million, 4-year investment program 
at the Andina Div. of CODELCO-Chile was 
completed on March 31, boosting annual 
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copper production capacity to 118,000 tons 
of contained copper per year. Andina’s open 
pit Sur Sur Mine was used to supplement 
the block-caving operation in the Cerro 
Blanco ore body. CODELCO-Chile planned 
to increase production from the current 
20,000 tons of ore per day to 26,000 tons per 
day by 1987 to compensate for an expected 
drop in average ore grade. 

In March, El Teniente suffered earth- 
quake damage to its tailings flume, concen- 
trator, and Caletones smelter. The ports of 
San Antonio and Valparaíso and several 
roads and rails were also damaged, delaying 
copper deliveries. 

The underground mine at El Teniente 
was CODELCO-Chile's second largest pro- 
ducer, with reserves estimated at 47.6 mil- 
lion tons and an average ore grade of about 
1.2% copper. The mill-head grade of 1.4% 
copper was expected to fall to 1.2% copper 
by 1989 and to 1.0% copper by the end of the 
century. Ore treatment capacity was ex- 
panded during 1985 to 80,000 tons of ore per 
day. 

El Salvador Div. was an underground 
block-caving operation and associated con- 
centrator, Potrerillos smelter, and refinery. 
Situated in the Atacama Desert, the mine 
had a capacity of about 34,500 tons of ore 
per day, producing 710 tons of 3896 copper 
concentrate per day and 6.5 tons of 5696 
molybdenum concentrate per day. El Salva- 
dor had 20 to 30 years of ore reserves with 
an average grade of about 196 copper and 
0.023% molybdenum. 

Antofagasta Holdings of the United King- 
dom acquired the Los Pelamberes copper- 
molybdenum deposit for $6.4 million in 
northern Chile from Anaconda Minerals 
near yearend. Anaconda Minerals had post- 
poned the project after it was unable to find 
partners to provide part of the $1 billion to 
$2 billion needed to develop the ore, which 
had about 400 million tons of ore grading 
0.9% copper and 0.015% molybdenum. 

Texaco Oil Co. sold its 50% share in the 
$1.3 billion Escondida project to a consor- 
tium comprised of The Broken Hill Pty. Co. 
Ltd. of Australia (BHP) (10%), Rio Tinto 
Zinc Corp. Ltd. (30%), and Mitsubishi Corp. 
(10%). The purchase price was less than 
$100 million, and brought BHP’s stake to 
60%, which it held through its subsidiary, 
Utah International. The consortium was 
starting a yearlong feasibility study and 
was arranging financing and sales con- 
tracts. Mine production was planned for 
1990 and called for an open pit, a 160- 
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kilometer slurry pipe, and port facilities. 
Projected annual production was 300,000 
tons of copper in concentrate per year. 
Escondida is one of the richest undeveloped 
copper deposits in the world with proven 
reserves of 545 million tons of ore grading 
2.16% copper and 0.01% molybdenum. Most 
of the concentrate was planned for ship- 
ment to Japan for smelting. 

Cia. Minera San José Ltda., a subsidiary 
of St. Joe Minerals Corp., operated two open 
pits at the El Indio Mine, 420 kilometers 
north of Santiago. El Indio had reserves of 
4.6 million tons of 5% copper as well as 9.6 
grams of gold per ton and 122 grams of 
silver per ton. 

Cía. Minera Disputada de las Condes S.A., 
an Exxon Minerals Chile Inc. subeidiary, 
approved a 2-year, $73 million expansion 
project at the company's El Soldado Mine 
and El Cobre treatment plant. The decision 
was made despite Disputada's continuing 
losses, which were about $41.5 million in 
1984. Since taking it over from ENAMI in 
1978, El Soldado had never been profit- 
able. Disputada produced about 77,000 
tons of copper concentrate in 1985 compar- 
ed with 61,575 tons in 1984. The increase 
was from higher production at El Soldado, 
where a concentrator expansion completed 
in September 1984 boosted capacity to 5,500 
tons of concentrates per day from 3,700 tons 
per day. Exxon Minerals was studying a $70 
million to $80 million expansion that would 
increase the rate at El Soldado to 11,500 
tons per day. Startup of the operations was 
scheduled for the second half of 1987. Of a 
total $71 million to be invested in the 
expansion project, $23.6 million will be 
spent on the El Cobre plant. Current re- 
serves at El Soldado were estimated at 48 
million tons of 1.7% copper. The company 
was also looking at a $350 million to $400 
million expansion at Los Bronces. 

Development of the Cerro Colorado cop- 
per deposit in Chile was delayed indefinite- 
ly after Finland withdrew its planned sup- 
port. The project was to cost $240 million 
with contributions coming from Canada's 
Rio Algom ($60 million), the West German 
Government ($80 million), the Finnish Gov- 
ernment ($35 million) and the Chilean 
State Economic Corp. ($30 million). In addi- 
tion, the United Kingdom's export credit 
guarantee department agreed in principle 
to secure bank loans amounting to $35 
million for purchase of domestic equipment 
and engineering services. Chile's industrial 
development corporation, Corporación de 
Fomento de la Producción, was also to loan 
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$30 million. Production of 60,000 tons of 
copper per year was planned for about 1988. 
Nippon Mining Co. Ltd., Tokyo, Japan, 
previously had abandoned the project in 
1980 because of uninspiring cost-benefit 

. Cerro Colorado’s resources are 
estimated at 70 million tons of about 1.3% 
copper. 

Chuquicamata Div.’s smelter consisted of 
four reverberatory furnaces, seven Peirce- 
Smith converters, and one modified Ten- 
iente converter and had a capacity of 1,500 
tons of cast anodes per day. Sulfuric acid 
production at the smelter was to be increas- 
ed from 500 to 3,000 tons per day by 1989, 
and a new 200,000-ton-per-year flash smelt- 
er was to be added by 1990. Anode casting 
capacity was to be increased to 1,800 tons 
per day. Mitsubishi of Japan signed a $78 
million contract to build the new acid plant, 
providing 100% of the project's financing. 

CODELCO-Chile's El Teniente Div.'s 
smelter at Caletones had an annual capaci- 
ty of about 340,000 tons of blister copper 
from two reverberatory furnaces and two 
Teniente converters. The only moderniza- 
tion projects at the Caletones smelter were 
the addition of converter hoods and im- 
provement of casting facilities. The new 
fire-refining furnace at the Caletones smelt- 
er had production problems upon startup in 
February. The company's Potrerillos smelt- 
er was about 50 kilometers from the El 
Salvador Mine and was equipped with one 
reverberatory furnace, four Peirce-Smith 
converters, two cylindrical refining fur- 
naces, and one anode casting wheel. The 
plant's capacity was estimated to be about 
100,000 tons of blister per year. 

ENAMTI's Ventanas smelter, which had 
an annual blister capacity of about 110,000 
tons per year, was damaged in the March 
earthquake, but was functioning again 
within 30 days. ENAMI buys raw materials 
for the Ventanas smelter from the small- 
mine sector as well as from CODELCO- 
Chile. ENAMI was spending $4.5 million on 
the Ventanas complex to increase its refin- 
ing capacity to 195,000 tons per year, which 
would be realized by January 1986. An 
investment of $30 million was planned to 
build a sulfuric acid plant that would pro- 
duce 525 tons of sulfuric acid per day. 

Considerable expansion of the Chuquica- 
mata refinery was under way, and produc- 
tion was expected to reach 475,000 tons per 
year by yearend 1986. In 1985, electrorefin- 
ing capacity in two existing tankhouses was 
about 400,000 tons per year. Refinery 
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No. 1 was designed for electrowinning cop- 
per from leach solutions and would be 
completely replaced by the $70 million ex- 
pansion. In 1985, CODELCO-Chile's only 
oxide treatment was done at Chuquicamata 
in the electrowinning facilities of refinery 
No. 1. About 40,000 tons of electrowon 
cathode per year was being produced 
through this method, but was expected to be 
doubled over the next 4 years using oxide 
ores at Mina Sur, low-grade ore dumps from 
the Chuquicamata Mine, and waste dumps 
at both Mina Sur and Chuquicamata. This 
expanded leaching was expected to be in 
operation by 1988, followed by cessation of 
vat leaching. The Potrerillos refinery at El 
Salvador also was originally designed for 
electrowinning and later converted to 
electrorefining. Expansion to 96,500 tons of 
copper cathode per year was completed in 
1984, raising the capacity to equal the 
smelter. CODELCO-Chile postponed indefi- 
nitely the construction of a new 100,000-ton- 
per-year copper refinery 50 miles from San- 
tiago, originally planned to treat blister 
copper from the El Teniente and Andina 
Mines. The refinery was to come on-stream 
in 1987. The existing El Teniente refinery 
had a capacity of about 155,000 tons of 
copper cathode in 1985. 

CODELCO-Chile’s Chuquicamata Div. 
held a near monopoly in Chile as a supplier 
of wirebar, and domestic fabricators claim- 
ed that they paid more for this wirebar than 
fabricators in other countries, including 
those in the United States. CODELCO-Chile 
owned equity in copper fabrication plants in 
Europe and was considering a joint-venture 
in China for a wire and cable plant. Pros- 
pects for downstream expansion of fabrica- 
tion plants in Chile were limited because of 
the country’s small domestic market and 
higher tariffs in export markets on fabricat- 
ed products compared with tariffs on re- 
fined copper. Total output of fabricated 
copper products in Chile was about 35,000 
tons per year, of which about 60% was 
exported, chiefly to other South American 
countries. 

China.—Copper imports totaled 356,000 
tons valued at $480 million in 1985, while 
domestic mine production was only about 
185,000 tons. China’s trade of all nonferrous 
metals was to be handled exclusively by the 
new CNNMIEC, the trading arm of China 
National Nonferrous Metals Industry Corp. 
(CNNMIC), beginning in 1986. The responsi- 
bility had previously been held by China 
National Metals & Minerals Import-Export 
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Corp. 

CNNMIC was seeking technology and 
investments from foreign interests for 18 
nonferrous metals joint venture projects, 
including a 5,000-ton-per-year copper tubing 
and a 1,000-ton-per-year copper sheet and 
strip plant in Beijing; a high-accuracy cop- 
per alloy strip processing line, with a capac- 
ity of 4,000 tons of brass strip per year and 
3,000 tons of radiator and cable strip per 
year; and a copper foil plant, with a capaci- 
ty of 1,000 tons per year at the Shanghai 
copper smelter complex; a beryllium bronze 
processing line with annual capacity of 
2,000 metric tons at the Northwest copper 
fabricating plant; a mill to treat 1.5 million 
of ore per year at Huili Lala copper mine, 
Sichuan Province; and construction of a 
mine and a concentrator in the Jiangxi 
copper complex at the Chengmenshan cop- 
per mine. 

Continuus-Properzi Corp. signed a sales 
contract with Wuhu Smelter, a copper re- 
fining and fabricating company of Wuhu 
City, Anhui Province, for the supply of a 
Properzi continuous cast copper rod line to 
be operating by the end of 1986. This was 
the third Properzi copper rod line recently 
sold to China. China planned to have at 
least 12 continuous cast copper rod mills in 
operation by 1987. Total capacity of the 
mills was estimated at about 390,000 tons of 
rod per year, with much of the output 
destined for use in telecommunications and 
magnet wire applications. CODELCO-Chile 
held discussions with representatives of 
CNNMIC for a possible joint venture to 
build an $8 million copper cable and wire 
plant near Beijing. 

China’s 5-year plan projected copper pro- 
duction at 150,000 tons per year in Jiangxi 
Province by 1990 and 200,000 tons per year 
by 1995. Production at Jiangxi’s copper 
mines was 70,000 tons in 1985. The produc- 
ing mines were in the northeast region of 
Jiangxi Province and included the Cheng- 
menshan, Dexing, Dongfang, Wushan, 
Yinshan, and Yongping copper mines near 
Poyang Hu. This area accounted for nearly 
one-third of the national production. The 
Yongping open pit, which started in 1984, 
was producing 500 tons of concentrates per 
day. Reserves were estimated to be more 
than 74 million tons. 

A joint Yugoslav-Chinese agreement for 
exploitation of a copper mine in the Prov- 
ince of Sichuan was reactived. The Yugo- 
slav company, Bor Mining and Metallurgi- 
cal Works Co., was to construct an open pit 
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mine with a capacity of about 2.5 million 
tons of ore per year. 

China has copper resources at more than 
800 sites, including nearly 30 large copper 
deposits. The ores are mostly low-grade 
with an average copper content of 0.6% to 
1.0% and many with less than 0.5%. There 
were no extremely large deposits; most have 
resources of less than 5 million tons and 
many lie at such depths and in such remote 
places as to be impractical to develop at 
present. Skarn copper deposits were China’s 
main potentially commercial copper ores 
and occur in the middle and lower Chang- 
jiang Basin, the eastern section of northeast 
China, the Yanshan and Nanling mountain 
areas, and the southwest. Porphyry copper 
ore types made up about 45% of available 
resources and associated skarn deposits 
about 28%. 

New refining equipment was installed at 
the No. 2 refinery of the Tongling Nonfer- 
rous Metal Co. The annual capacity at the 
refinery was to be increased from 30,000 
tons to 45,000 tons of copper cathode 
through the new addition. 

China’s Tianjin Nonferrous Metals Co. 
and Noranda were to undertake a feasibili- 
ty study that could lead to the construction 
of a 100,000-ton-per-year copper complex at 
Tianjin in northeastern China by the early 
1990’s. Noranda would provide technology 
for a smelter, refinery, acid plant, and 
oxygen plant. The complex was estimated to 
cost about $200 million and would process 
foreign copper concentrates. The study 
would be funded largely by the Canadian 
International Development Agency’s Indus- 
trial Development Div. and would be com- 
pleted by 1987. Noranda would hold a mi- 
nority share in the project. 

Jiangxi Copper Corp.’s Guixi smelter was 
completed in December after more than 5 
years of construction. The initial production 
was to be at a rate of about 90,000 tons of 
copper blister per year and about 340,000 to 
360,000 tons of sulfuric acid per year. When 
fully complete, the smelter’s annual capaci- 
ty was planned for 200,000 tons of copper 
and 860,000 tons of sulfuric acid per year. 
Most of the equipment and technology used 
for the smelter was purchased from Sumito- 
mo of Japan and Outokumpu Oy of Finland. 

Colombia.—Nittetsu Mining Co. Ltd. of 
Japan formed a joint venture with Minas 
del Cobre Ltda. to develop the El Cobre 
copper mine in Colombia. Starting in 1986, 
the mine and infrastructure development 
would start production for 2 years at a rate 
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of 4,000 tons of copper in concentrate per 
year. The mine, 80 kilometers southwest of 
Medellin, had reserves of 1 million tons 
with an average grade of 4% copper and 3 
grams of gold per ton. 

Indonesia.—Freeport Indonesia Inc., an 
81% owned subsidiary of Freeport-McMo- 
Ran Inc., produced copper concentrates 
from two mines in Irian Jaya. Copper pro- 
duction set a new record high in 1985 at 
88,700 tons of copper in concentrates pro- 
duced. The Ertsberg East Mine accounted 
for most of it. Copper reserves at yearend 
1985 were 846,000 tons in ore, according to 
the company’s annual report, compared 
with 993,500 tons at the end of 1984. Work 
continued on evaluation of deep reserves at 
Ertsberg East. 

Japan.—Electrolytic copper production 
was almost the same as in 1984 while 
consumption of refined copper was down to 
about 1.2 million tons during 1985 from the 
1984 record high of 1.37 million tons. Com- 
munication cable shipments in Japan were 
21% below 1984 levels and exports were 
halved. Electrical power cable shipments 
increased and were 14% above 1984 levels 
as a result of increased public housing and 
power generation investments. Production 
of copper pipe and tubing was down by 
about 4.6% in the second half of 1985, 
compared with the first half, as a result of a 
drop in exports and a sharp production fall 
of air conditioners; both were presumed to 
be the result of the increasing value of the 
yen. Imports of refined copper cathode were 
351,000 tons in 1985, down sharply from 
463,000 tons in 1984. The decline was ex- 
plained in terms of reduced economic ex- 
pansion and an accompanying fall in de- 
mand for finished products. Exports of 
51,000 tons of refined copper in 1985, on the 
other hand, were higher than the rather 
low figure of 18,400 tons reported for 1984. 
Alloy ingots and scrap exports were also 
much higher than in 1984. Although wire 
rod exports to China were down, exports of 
cathodes to China in 1985 jumped to 39,102 
tons and accounted for 77% of Japan's total 
cathode exports, compared with only 378 
tons in 1984. Imports of concentrates were 
at an increased level of 812,600 tons con- 
tained copper in 1985, compared with 
785,000 tons in 1984 when concentrate mar- 
ket tightness forced a cutback on imports. 

Nineteen Japanese zinc and copper pro- 
ducers made applications for assistance 
from the Ministry for International Trade 
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and Industry's (MITI) emergency loan fund 
in 1985. MITI announced it would lend $12.5 
million at an interest rate of 3% to 16 
domestic copper and zinc mines in fiscal 
year 1986-87. The loan arrangement was set 
up in 1978 to help the mines maintain 
production while nonferrous metal prices 
remained low. The changing picture in 1985 
was blamed on the strengthening yen 
against the dollar. 

Japanese smelters continued to operate 
at a reduced output in 1985. Japanese 
smelters had begun to reduce operating 
capacity to about 1,348,000 tons of metal per 
year 2 years ago with the closure of the 
Hitachi, Ibargi (84,000 tons), and Okayama 
(7,200 tons), smelters. Mitsui Mining & 
Smelting Co. Ltd. was to stop smelting at its 
Hibi, Okayama, smelter (39,600 tons) in 
1986 and planned to toll process at the 
larger Tamano, Okayama, smelter (164,000 
tons), which was a joint venture with Mitsui 
(25%), Nittetsu Mining (20%), and Furuka- 
wa Mining Co. Ltd. Godo Shigen Sangyo Co. 
intended to stop blister copper production 
at its Miyako, Iwate, smelter at the end of 
May 1986. Although the smelter had two 
furnaces with a combined blister capacity of 
36,000 tons per year, only one furnace was 
utilized, producing about 2,000 tons of blis- 
ter per month for export only. Dowa Mining 
Co. Ltd. completed the installation of new 
oxygen blowing facilities at its Kosaka 
smelter. This will increase capacity to 
66,000 tons of blister per year. Nippon 
Mining decided to shut down the Sagnoseki 
flash furnace for 6 months. Nippon said 
that this did not affect electrolytic output 
during the year because the company was 
able to process from blister copper stocks. 
The Saganoseki flash furnace was produc- 
ing about 19,100 tons of cathode copper per 
year, about 15% below previous levels. 

Furutobe Mining Co. Ltd. expected to 
close its copper-lead-zinc mine in the Akita 
Prefecture by the end of January 1986 
because of ore reserve exhaustion. In 1985, 
Furutobe produced 10,000 tons of copper 
concentrates. 

Mexico.—Domestic demand for refined 
copper was about 118,000 tons in 1985, 
nearly double that of 1984. Smelter expan- 
sions were well under way at Mexicana de 
Cobre S.A. (44% state-owned) and Cía. Min- 
era de Cananea S.A. (92% state-owned). 
When completed, the two smelters would 
raise Mexico's total smelter capacity to 
about 362,000 tons of blister per year, re- 
ducing Mexico's role as a major exporter of 
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concentrates. Mexicana de Cobre was com- 
pleting a $400 million smelter that would 
have an annual capacity of about 180,000 
tons of blister per year. The company also 
planned to complete a $250 million concen- 
trator expansion at La Caridad to 150,000 
tons per year by early 1986. Cananea, Mexi- 
co's leading blister producer, completed its 
$250 million expansion program to raise 
concentrate capacity from 40,000 to 150,000 
tons of 26% concentrate per year. Cana- 
nea’s blister capacity was to be increased to 
125,000 tons per year by 1986. The company 
expected to export about 95,000 tons of the 
added concentrate production per year. 
About 40% of the concentrates were to be 
sold to Japan on a long-term basis, with the 
rest going to the Republic of Korea, Taiwan, 
China, and Europe, in order of volume. 
Cananea was also to install a 22,000-ton-per- 
year SX-EW plant at its mine in 1986, using 
refining technology from M.I.M. Holdings 
Ltd. of Australia. 

The United States and Mexico negotiated 
a three-part environmental agreement that 
included a commitment by both countries to 
control sulfur emissions from the two Mexi- 
can smelters and the Phelps Dodge Douglas 
smelter in Arizona by January 2, 1988. The 
Mexican Government pledged to stop 
uncontrolled emissions from the Cananea 
and Nacozari smelters. Both smelters were 
expected to be operational by 1986. Naco- 
zari, alone, was expected to emit about 
400,000 tons of sulfur per year. Since the 
plant is only 55 miles south of the Arizona 
border, U.S. officials were concerned about 
the risk of acid rain damage. Plans to bring 
the two Mexican smelters into environmen- 
tal compliance by 1988 may be delayed 
because of repair costs from the destruction 
from the September earthquakes. 

Papua New Guinea.—Bougainville Cop- 
per Ltd. plans to alter its copper concen- 
trate marketing plan when sale contracts 
expire in 1987. Contracts with the Federal 
Republic of Germany, Japan, and Spain 
accounted for most of the shipments under 
contracts initiated in 1972. However, since 
the mine opened, the company expanded 
sales to China and the Republic of Korea 
and was beginning to view the Asia-Pacific 
region as its prime market. Bougainville 
Copper produced 175,000 tons of copper in 
concentrates during 1985, up from 164,500 
tons in 1984, according to the company's 
annual report. The increase was due to an 
increase in ore milled to 50 million tons 
from 47 million tons, while the grade re- 
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mained unchanged at 0.42% copper. A new 
mill came on-stream in late 1985. 

In early 1985, the $1,400 million Ok Tedi 
gold-copper project was the subject of a 
major dispute between the Government and 
its foreign partners. The Government was 
concerned that its partners might abandon 
the project once the gold-rich cap had been 
mined, while the partners were not pre- 
pared to commit themselves to a firm time- 
table for developing the copper deposit in 
view of the depressed market. The Govern- 
ment gave the operating company, Ok Tedi, 
a formal notice to close down the mine, but 
after lengthy negotiations, the Government 
endorsed a revised agreement allowing for 
variations in the mining plan and transfer 
of some of the debt from the operating 
company to the shareholders. Construction 
of a permanent tailings dam was to be 
deferred by 4 years, but copper mining was 
to start 2 years earlier than the initial date. 
The Government was to restore its stake in 
Ok Tedi to 20%. Shareholders in Ok Tedi 
were BHP with 30%; Standard Oil of Indi- 
ana (Amoco Minerals), 30%; Metallgesell- 
schaft AG and Degussa AG, each with 7.5%; 
and the state-owned West German develop- 
ment company, Deutsche Gesellschaft Fuer 
Wirtschaftliche Zusammenarbeir (Entwick- 
lungsgessellschaft) mbH, 5%. Copper pro- 
duction was scheduled to begin by yearend 
1986 at about 30,000 tons of copper in 
concentrate per year, rising to 60,000 tons 
per year by mid-1988. A feasibility study 
completed in 1979 revealed minable ore 
reserves of 410 million tons, comprised of 
351 million tons of porphyry copper ore that 
averaged 0.7% copper and 0.6 gram of gold 
per ton at a cutoff of 0.4% copper, and 25 
million tons of skarn copper ore averaging 
1.17% copper and 1.6 grams of gold per ton. 
Ok Tedi purchased Anaconda Minerals’ 
Carr Fork, UT, concentrator for $7 million 
and was expected to have it shipped to 
Papua New Guinea and have it installed by 
August 1986 as part of its long-term plan to 
increase production. By buying secondhand 
equipment, costs of the copper milling ex- 
pansion project could be contained to about 
one-half the cost of new equipment. Ok Tedi 
was projecting a break-even point of 42 
cents per pound for the mine at peak copper 
output. 

Peru.—The mining sector contributed 
about 50% to Peru’s total export revenue in 
1985. Copper exports from Peru increased in 
1985 reaching a total of 350,800 tons (copper 
content of ores, blister, and refined copper) 
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compared with 1984 exports of about 
290,500 tons. 

Almost all large-scale mining operations 
in Peru were owned and operated by state- 
owned Empresa Minera del Perú (Minero 
Perú), Empresa Minera del Centro del Perú 
(Centromín Perú), and Empresa Minera del 
Hierro del Perú. Southern Peru Copper 
Corp. (SPCC), which operated two open pits, 
Cuajone and Toquepala, and Cía. Minera 
Pativilca S.A., which operated the Raul 
deposit, were Peru's largest private copper 
producers. When the new Peruvian Govern- 
ment took office on July 28, 1985, one of its 
priorities included the reorganization of 
state mining companies on a regional basis. 
According to the Government's plan, Min- 
ero Perü in its present form would disap- 
pear. Centromín Perú would remain essen- 
tially a central Peruvian company, and new 
companies would run operations in the 
south and the north. Several projects were 
to be given priority, including development 
of the Antamina copper-zinc project, a mill- 
ing operation of about 3,000 tons per day 
using surplus equipment from the Cobriza 
copper mine. À mixed private and Govern- 
ment company would fund the project. A 
scaled-down version of the Cerro Verde II 
project would be financed at $40 million. 
Foreign investment in the Tintaya copper 
mine was also to be encouraged. Subsidies 
and financing would be provided to keep 
small- and medium-sized mines in operation 
when n : 

Peru broke off negotiations with Japan's 
Marubeni Corp. and Mitsui for the $130 
million financing package for the Cerro 
Verde II copper project near Arequipa. 
Nevertheless, Minero Perú hoped to keep 
the Cerro Verde Mine going through two 
smaller projects after production from the 
oxide ores ceases in late 1986. One plan 
involved recovering copper from the oxide 
ores at the Tintaya Mine, which started 
production in early 1985. The second plan 
would process the higher grade sulfide ores 
at Cerro Verde by construction of a smaller 
concentrator. The scaled-down production 
plan would require an investment of about 
$22 million versus $278 million estimated 
for the original Verde II plan and would use 
crushing machinery already at the mine. 
Cerro Verde I copper oxide reserves were 
expected to be depleted by October 1986. 
Production was down to 28,000 tons of 
electrowon copper cathode per year from 
33,000 tons per year because of declining 
oxide reserves. 
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Financing for an expansion project at 
Centromín Pert’s Cobriza Mine was sup- 
ported through loans from the Inter- 
American Development Bank ($63.4 mil- 
lion, Wells Fargo Bank ($55.1 million), 
Peruvian Government ($37 million), World 
Bank ($36.4 million), Corporación Finan- 
ciera Desarrollo (Cofide) ($33.8 million), 
Centromín Perü ($29.9 million), U.S. Ex- 
port Import Bank ($3.1 million), and the 
Sweden Export Bank ($2.5 million). In 1985, 
528 people were employed at Cobriza, 126 at 
the concentrator, and 402 at the mine. The 
underground mine and 2,360-ton-per-day 
concentrator were 160 kilometers from the 
smelter at La Oroya. 

Cía. Minera Condestable S.A., one of Pe- 
ru's medium-sized mines, increased capaci- 
ty from 1,100 tons of ore per day to 1,300 
tons per day. Condestable handled about 
400,000 tons of ore in 1985, producing 18,000 
tons of concentrates containing 26% copper, 
plus gold and silver. The mine reportedly 
had a production cost level of about 55 cents 
per pound. A further expansion to 1,600 
tons of ore per day was planned for 1986. 

SPCC's Cuajone and Toquepala Mines 
were Peru's most prolific copper producers, 
recovering a combined total of 272,000 tons 
of contained copper in 1985, 3,800 tons of 
molybdenum in concentrate, and 2.8 million 
ounces of silver in blister copper. Eesti- 
mated ore reserves at the Cuajone Mine at 
yearend were 300 million tons averaging 
0.88% copper and an average of 0.02% 
molybdenite. The grade of ore had fallen 
from 0.92% in 1980 to about 0.89% in 1985, 
a trend that was likely to continue. To 
maintain production levels, SPCC expanded 
concentrator throughput from 41,000 tons 
per day to 50,000 tons per day by installa- 
tion of improved monitoring equipment and 
other efficiency improvements. SPCC's To- 
quepala Mine had a capacity to produce 
about 50,000 tons of ore and 45,000 tons of 
waste, based on a 6-day workweek. As of 
January 1986, a total of 109 million tons of 
sulfide ore grading 0.81% copper and 
0.023% molybdenite remained in the pit. 
About 27 million tons of low-grade sulfides 
were stockpiled for future heap leaching 
recovery. 

Empresa Minera Especial Tintaya S.A., a 
state-owned company formed by Minero 
Perú (45%), Centromín Perú (45%), and 
Cofide (10%), started shipments of copper 
concentrates from the Tintaya open pit 
mine in August. The $326 million Tintaya 
copper project was expected to reach capaci- 
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ty in 1986 of 170,000 tons of 33% copper 
concentrates per year containing 4 ounces 
of silver per ton and 0.14 ounce of gold per 
ton. Based on proven reserves of 34 million 
tons of ore grading 2.12%, the life of the 
mine was estimated at 13 years. There was 
also 8 million tons of 2.75% copper in oxide 
ore that was to be stockpiled for future 
recovery. A Tucson, AZ, company was doing 
metallurgical studies to determine the best 
method to recover this copper, including the 
possibility of making copper sulfate and 
shipping it to Minero Perü's Cerro Verde 
Mine for conversion to refined copper in its 
SX-EW plant. Financing was provided by 
$100 million from the Canadian Export 
Development Corp. and $115 million from 
the Bank of Nova Scotia and the Toronto 
Dominion Bank. 

Centromín Perü's La Oroya reverberato- 
ry smelter treated combined copper, lead, 
and zinc concentrates. About 80% of the 
feed was from Centromín Perü's operations. 
The total labor force at La Oroya was 5,500. 
Two reverberatory furnaces and six con- 
verters were used for copper. Blister copper 
was fire-refined to 98% copper anodes con- 
taining some gold, silver, and 0.3% lead, 
which were sent to Centromín Perü's La 
Oroya electrolytic refinery at Huaymanta. 
In 1983, the refinery produced about 47,000 
tons of refined copper, of which 24,000 tons 
was marketed as 250-pound wirebars, 21,000 
tons as copper rod, and 2,500 tons as cath- 
odes. 

Private investors in Peru, Spain, and 
Venezuela opened a brass mill in Trujillo, 
northern Peru. The new 5,000-ton-per-year 
brass operation was named Peru Venezuela 
Espana S.A. (Pvesa) and made its first 
shipment of free-cutting brass rod and forg- 
ing brass to the United States in early July. 
Minpeco USA Inc., a subsidiary of the state- 
owned marketing company Minero Pert 
Comercial, was the U.S. marketing agency 
for the mill. About 25% to 30% of the 
plant's production was to be consumed by 
Industrious Reunidas S.A., a Lima-based 
brass fabricator that owned 80% of the 
Pvesa stock. The primary product was cop- 
per brass bar and alloy 260 strip. 

Philippines.—The Philippine Govern- 
ment accepted bids for the 100,000-ton-per- 
year ASEAN Copper Products Inc. copper 
semifabrication plant in 1985. The project 
owners, the Association of Southeast Asian 
Nations (ASEAN), were owned 60% by the 
Philippine Government and 40% by the 
Governments of Indonesia, Malaysia, Singa- 
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pore, and Thailand. The Government also 
offered the Philippines Associated Smelting 
and Refining Corp. (PASAR) smelter for 
privatization during the year. Three Japa- 
nese companies already held 30% of the 
preferred shares. About 44% of its output 
went to Japan, 19% to Taiwan, and the rest 
to China, the Republic of Korea, and vari- 
ous traders. Exports of copper concentrates 
fell from 462,549 tons in 1984 to 376,674 tons 
in 1985. Copper cathode exports were 
136,495 tons in 1985. Mine production fell as 
a result of the closure of two mines by Atlas 
Consolidated Mining and Development 
Corp. However, the Japanese company Ma- 
rubeni provided $12 million to assist in 
reopening of the Sipalay Mine in return for 
90% of the concentrates. The state-owned 
Maricalum Mining Corp., which was creat- 
ed out of the bankrupt Marinduque Mining 
and Industrial Corp. group of companies in 
July 1985, planned to increase the daily ore 
milling rate at the Sipalay Mine to 40,000 
tons per day by early 1986. 

Poland.—Refined copper production 
amounted to an estimated 387,000 tons in 
1985, 70% of which was sold as cathode and 
30% as semifabricates (rod). About 180,000 
tons of unwrought copper was exported. 
Principal export destinations were the 
Federal Republic of Germany, Romania, 
and the United Kingdom. The Polish cop- 
per industry was managed by Kombinat 
Gorniczo-Hutniczy Miedzi and employed 
about 43,000 workers. There was a labor 
shortage in 1985, reportedly because of low 
pay in the copper mines. About 10% to 20% 
of future copper industry investment budg- 
ets were related to environmental costs and 
called for emphasis on finished products. 
About 75% of the concentrates mined were 
treated in shaft furnaces at Legnica and 
Glogow with the remainder treated by a 
modified Outokumpu flash smelter at Glo- 
gow II. 

Portugal.—A 49% interest in Sociedade 
Mineira de Neves-Corvo S.A.R.L. (Somincor) 
of Portugal, which was previously held by 
Penarroya S.A. and Compagnie Francaise 
des Mines S.A. of France, was sold to Rio 
Tinto Zinc in mid-1985. The other 51% of 
Somincor was state-owned. The $200 million 
Neves-Corvo copper project was expected to 
produce about 65,000 tons of copper in 
concentrates by yearend 1988 from a 25- 
million-ton ore body having an average 
grade of about 3.2% copper. In addition to 
the main ore body, there were 40 million 
tons of copper-lead-silver-zinc reserves. In 
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November, Quimica de Portugal E.P., a 
state-owned company, invited tenders for 
design and construction of a 100,000-ton- 
per-year smelter, refinery, acid plant, and 
associated infrastructure estimated to cost 
$300 million. 

U.S.S.R.—Based on a detailed study of 
U.S.S.R. copper mine, smelter, and refinery 
trends that was completed by the US. 
Bureau of Mines in 1984," capacity and 
production figures for the Soviet Union 
were significantly reduced from previous 
estimates by the Bureau. The growth of the 
U.S.S.R. copper industry during the past 65 
years was analyzed in some detail on a 
mine-by-mine and plant-by-plant basis and, 
when compared with the last known pub- 
lished official figures, indicated an overall 
lower growth in Soviet copper production 
and capacity than had been previously esti- 
mated. The principal geological features of 
the deposits and an analysis of ore reserves 
were described by the report as well as 
historical trends in mining, beneficiation, 
metallurgy, and supply-demand relation- 
ships. Copper production capacity for the 
U.S.S.R. was estimated to be, in thousand 
tons of copper content, as follows for 1985: 
mine, 680; smelter, 980; and refinery, 1,100 
tons per year. 

Zaire.—La Générale des Carriéres et des 
Mines du Zaire (Gécamines) began a 5-year, 
$750 million investment program to stabi- 
lize copper production through the rehabil- 
itation and modernization of the mining, 
concentrating, smelting, and refining oper- 
ations. Of the total, $500 million was to be 
financed through retained earnings with 
the remainder financed by multilateral de- 
velopment banks with bilateral cofinancing. 
The goal was to renew aging plants and 
to increase the in-country value added 
through additional refining. Almost one- 
half of Zaire’s production was either blister 
or standard-grade cathode, both of which 
required further refining in Europe. The 
plan called for the construction of a 100,000- 
ton-per-year copper smelter and refinery 
complex at Luilu in Kolwesi. 

In July, the direct marketing control of 
all copper and cobalt was taken over by 
Gécamines Commerciale from the Belgian 
company SGM-Afrimet. This followed a ma- 
jor corporate restructuring last year involv- 
ing the formation of Gécamines Holdings to 
oversee the activities of three separate op- 
erating subsidiaries responsible for mining, 
development, and marketing. 

Gécamines was under pressure from the 
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Government to use the state-owned railway, 
Voie Nationale, in a bid to increase reve- 
nues for the railway. The railway was to 
handle 60% of material shipped in 1986 
with only 30% to be sent through South 
African ports. Gécamines was countering 
transportation problems between  Lu- 
bumbashi and the Port of Matadi in early 
1985 and turned to increasing shipments via 
the quicker southern route, with about 43% 
of Gécamines output exported via the Re- 
public of South Africa and Zambia; about 
1196 was being sent through the Port of Dar 
es Salaam in Tanzania. 

Zambia.—For the year to March 31, 1985, 
Zambia Consolidated Copper Mines Ltd. 
(ZCCM), which was 60.390 Government- 
owned, reported a pretax profit of $62 mil- 
lion. This was achieved against a back- 
ground of rising costs, lower copper prices, 
and continued deterioration of production 
owing to poor plant and equipment avail- 
ability. Following this achievement, howev- 
er, ZCCM incurred a net loss of $15 million 
in the 9 months to December 1985. In 
addition to hard currency shortages, ZCCM 
was also plagued by railroad shipping prob- 
lems, although new locomotives had been 
introduced on the Tanzanian Railway. 
Shortages of spare parts and diesel fuel, 
coupled with a strike in June by 8,000 
workers, resulted in a drop in annual mine 
production to about 483,000 tons. Some 
material was imported during the year from 
Zaire to be smelted and refined in Zambia. 
Since 1984, ZCCM had been undertaking an 
export, rehabilitation, and diversification 
program where the main objective was to 
enhance corporate viability by improving 
productivity and efficiency. It was being 
funded by the World Bank, the EEC, and 
the African Development Bank, together 
with funds from ZCCM's own sources. The 
European Commission announced approval 
in October of a $23.2 million loan to Zambia. 
The Italian Government was also to make a 
grant to help complete ZCCM's rehabilita- 
tion program and cover the purchase of 
equipment for mining and processing. 
ZCCM was to embark on a recruitment 
campaign for qualified and experienced spe- 
cialists both locally and overseas. As of 
November, about 1,633 expatriates were 
employed at the mines, or about 2.7% of the 
work force. 

Zambia, started a major reorganization of 
its copper industry at yearend 1985, which, 
while initially trimming about 50,000 tons 
of annual production, was ultimately de- 
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signed to restore the health of the industry. 
The 5-year plan, which was to start in 
January 1986, called for the closure of the 
Kansanshi (6,000 tons per year) and Cham- 
bishi (26,000 tons per year) Mines and the 
No. 3 shaft at the Konkola Div. (output 
20,000 tons for year ending March 1985). 
The mines were to close as soon as devel- 
oped ore reserves were exhausted. The 
mines have been beset by Zambia's acute 
economic problems. A severe shortage of 
trucks reduced Kansanshi Mine's effective- 
ness. In 1985, about 162,000 tons of ore was 
brought to the surface, but only 77,000 tons 
was moved from the minesite. As of March 
31, 1985, undeveloped reserves at Kansan- 
Shi stood at 3.4 million tons grading 2.7596 
copper, while those at Chambishi totaled 
20.9 million tons grading 2.78% copper, and 
at Konkola, 45.1 million tons grading 3.84% 
copper. Álso included would be the shut- 
down of the Chambishi concentrator, 
Luanshya smelter, Ndola copper refinery, 
and the Nkana oxide concentrator. About 
3,000 workers will lose their jobs. The 
Konkola Div. and Nchanga Div. would be 
merged, leaving ZCCM with four mining 
divisions: Luanshya, Nchanga, Nkana, and 
Mufulira. 

The $250 million Stage II Nchanga tail- 
ings leach project started treating tailings 
in mid-December, and at full capacity, 
which was to occur in August 1986, was 
expected to recover about 50,000 tons of 
lower cost copper per year that will help to 
offset production loss from planned clo- 
sures. The Kafironda explosives factory in 
Zambia, the sole supplier of industrial ex- 
plosives to ZCCM, was to resume full pro- 
duction in early 1986. 

Zimbabwe.—The former South African- 
owned Messina (Transvaal) Development 
subsidiary, M.T.D. (Mangula) Ltd., which 
produced about 90% of Zimbabwe's copper, 
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changed its corporate name during the year 
to Mhangura Copper Mines Ltd. and chang- 
ed the brand name of its standard copper 
cathode produced at its refinery to Mhangu- 
ra from Mangula. This followed the sale of 
Messina’s assets (55% of Mangula and 65% 
of Lomagundi Smelting and Mining Co.) to 
the Government-owned Zimbabwe Mining 
Development Corp. (ZMDC) in September 
1984. In addition to the equity in Mangula 
and Lomagundi, ZMDC also acquired 
M.T.D. Management Services Ltd., which 
controlled Bar 20 Mines (Pvt.) Ltd., 85% of 
Sabi Consolidated Gold Mines, 50% of Jena 
Mines, and M.T.D. Sanyati (Pvt) Ltd. 
Mhangura was to push ahead with develop- 
ment of the Copper Queen and Copper King 
deposits at Sanyati that had been delayed 
by former owners because of low copper 
prices and high electricity costs. Messina 
already had invested $1 million in develop- 
ing the Copper Queen deposits when oper- 
ations were postponed. Ore production at 
Mhangura's Messina Mine cost $343 per ton 
of recovered copper in December 1984; at 
Harper, the cost was $211 per ton, and at 
Campbell, the cost was $369 per ton of 
recovered copper. The average production 
cost for all mines was $257 per ton of re- 
covered copper. The average loss per ton 
was $134 cumulative through December 
1984 for all three mines. 

Rio Tinto (Zimbabwe) Ltd.'s Eiffel Flats 
base metal refinery (56.1% owned by Rio 
Tinto Zinc) was producing at its targeted 
operating level of 360 tons of nickel per 
month and 400 tons of copper per month 
after it was recommissioned in August. 
Zimbabwe's two copper refineries, Corsyn 
Consolidated Mines Ltd.'s Inyati refinery 
and Mhangura's Alaska refinery, had a 
combined cathode production capacity of 
about 25,000 tons per year. 
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Table 5.—Average ore feed grade and recoverable copper from market economy 
countries’ copper deposits representing nearly 80% of the world reserve base in 1985, 


by region and country! 
Producing Nonproducing Total 
Recover- Recover- Recover- 
. Number Average able Average able Average able 
Region and country of cop feed copper? feed copper? 
deposits grade? (million grade? (million grade? (million 
(percent) metric (percent) metric (percent) metric 
tons) tons) ns) 
North America: 
Canada. ee eee ees 35 0.55 9.2 0.47 8.3 0.51 17.6 
Mexiko 6 70 15.3 60 5.2 67 20.5 
United States 62 65 27.4 DU 30.0 .62 57.4 
Total or average .---------- 103 64 51.9 57 43.5 61 95.6 
Central and South America: 
Aenne aa 3 zum T .55 6.6 .55 6.6 
Eege 16 1.02 85.3 1.04 26.9 1.03 112.2 
POPU a Len uc eee ie ea 8 12 82 10.2 82 11.1 82 21.2 
Other -------------------- 5 1.03 1.4 72 9.3 75 10.7 
Total‘ or average 36 1.00 96.8 .84 53.9 .93 150.7 
Puropé 5 cni Ee 12 .58 4.0 W W W 5.5 
Middle East... 222 -- 10 1.17 4.8 1.88 1.5 1.30 6.3 
Asia: 
Ir! ³ ĩ A 8 6 1.24 4.6 W W W 47 
Philippines 22 44 4.0 50 6.4 47 10.4 
EE 6 1.21 1.9 W W W 2.9 
Total* or average 84 72 10.5 47 1.5 59 18.0 
ica: 
South Africa, Republic of `. 5 .62 1.7 W W W W 
JJ ͤ A HE ci 8 3.93 17.8 W W W W 
Zambia EE 9 2.31 10.0 W W W W 
Other oou 88 10 1.62 .8 2.21 9 1.87 1.7 
Total“ or average 32 2.51 30.3 2.57 4.4 2.51 34.7 
Oceania: 
Australia -- ---------------- 9 2.82 3.9 1.59 21.7 1.69 25.5 
Other uen ³ĩW. 888 5 47 6.5 47 5.9 47 12.4 
Total“ or average 14 67 10.5 1.05 27.5 91 87.9 
Grand total“ or average 241 91 208.7 15 139.9 87 5348.6 


W Withheld to avoid disclosing company proprietary data; included in Total or average.” 
!Based on Jan. 1985 resource estimates for 110 producing and 131 idle, developing, or explored deposits in market 
economy countries. Excludes copper available from byproduct mines. Total world reserve base is estimated at 566 million 


tons contained copper in ore. 


2Feed grade to concentrator, averaged over the life of the mine. Does not include leach material. 


Includes recoverable copper from leach operations. 


Pata may not add to totals shown because of independent rounding. 
5Recoverable total corresponds to 465 million tons contained copper in ore, or 78.8% of the world reserve base for 


copper. 


Source: Bureau of Mines, Minerals Availability System (MAS). 
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A copper-tungsten composite substrate 
for microcircuits, which combined copper's 
good thermal conductivity and tungsten's 
low thermal expansion, was developed and 
marketed by Sumitomo Electric Industries 
Ltd. The new composite was produced by 
sintering a mixture of copper and tungsten 
powder. Beryllium copper was used in simi- 
lar applications, but presented a problem of 
toxicity.“ 

Electromagnetic forces that result when 
eddy currents are induced in a molten 
metal load were used to contain and shape 


molten metal during copper alloy casting in 
place of the conventional chilled metal 
mold. The development of this technology, 
undertaken by Olin Corp., was described in 
a paper highlighting the commercial bene- 
fits.“ This casting technique eliminat- 
ed the mold-related defects normally en- 
countered in direct chill mold-casting, and 
provided copper alloy castings with greatly 
improved hot workability. 

Bureau of Mines studies of the flotation 
behavior of a series of minerals containing 
varying amounts of copper and iron illus- 
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trated that the percentage of iron in the 
mineral significantly affected both the po- 
tential at which the mineral floats and the 
mechanism by which the collector, ethyl- 
xanthate, interacted with the mineral. Cur- 
rent research in froth flotation research 
was being directed toward gaining a funda- 
mental understanding of sulfide flotation 
chemistry to improve existing flotation 
methods, devise new methods, and help in 
the selection of control parameters for com- 
puterized process control of flotation cir- 
cuits.** 

Mineral liberation research at the Bu- 
reau of Mines was directed toward devising 
methods for optimizing and predicting liber- 
ation of mineral phases during the grinding 
of complex ores. The cobalt mineral siege- 
nite is closely associated with the copper 
mineral chalcopyrite in ores of the Missouri 
Lead Belt. Liberation of the two minerals 
required to recover a cobalt preduct and the 
influence of an organic polymer in ball-mill 
grinding of copper, dolomite, and quartz ore 
was the subject of a Bureau of Mines re- 
port.* The degree of mineral liberation and 
the particle size distribution of ground prod- 
ucts were measured using optical and scan- 
ning electron microscopy in conjunction 
with computerized image analysis tech- 
niques. 

Heap and dump leaching are among the 
simplest and least expensive methods for 
leaching metal values from ores containing 
copper, gold, silver, or uranium. However, 
the reactions may be slow and metal recov- 
eries can be low. Bureau of Mines research 
was being directed toward gaining a funda- 
mental understanding of leaching chemis- 
try, both to improve existing methods and 
to devise new methods for faster, more 
complete extraction. Several Bureau papers 
were published during the year on various 
aspects of this research. 

Magma reached an agreement with 
M.I.M. Holdings to utilize copper refinery 
technology developed by the Australian 
company, known as the "Isa Process," at 
the new oxide copper plant under construc- 
tion at the San Manuel copper property. 
The key feature of the process is the use of 
permanent stainless steel cathode plates. 
The process gives substantial energy sav- 
ings and other operational advantages over 
the older conventional technology. This 
would be the first time it was tried in an 
electrowinning process, however. Magma 
was also instituting its own patented proc- 
ess to retain tankhouse fumes during the 
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process. 

An in situ bioleach pilot operation to 
recover copper from an abandoned under- 
ground mine in northern Italy was started 
up at the beginning of the year by the 
University of Cagliari, with funding from 
the Italian National Research Council and 
the Ministry of Public Education. Indige- 
nous bacteria in acidic mine waters were 
being used to leach copper from the mixed 
pyrite-chalcopyrite ore, then the copper was 
recovered from solution by conventional 
cementation. Copper production from the 
ore containing 1% to 2% copper was about 3 
kilograms per hour. Filamentous fungi were 
also being used to recover copper in work 
done in the United Kingdom. Penicillium 
spinulosum, Aspergillus niger, and Tricho- 
derma viride were being used to remove 
copper and gold from aqueous effluents.” 
Research was being done at Michigan Tech- 
nical Institute on the use of the bacteria 
Thiobacillus ferrooxidans in extracting cop- 
per from the White Pine copper ores.“ 

Direct smelting of partially roasted cop- 
per concentrates to blister copper by using 
residual sulfide as a reductant was review- 
ed." Roasting and smelting chemistries 
were discussed in light of experimental 
results and commercial process control re- 
quirements. Until now, significant copper 
losses to the slag, as well as intolerably high 
antimony, arsenic, and bismuth impurity 
levels in the copper, have impeded the 
progress of direct amelting. Effective solu- 
tions to these problems were outlined that 
could result in elimination of the converter 
vessel from the process. 

A new continuous process for conver- 
sion of copper mattes to blister copper was 
successfully pilot-tested and was ready 
for commercial application. The process, 
known as “Kennecott-Outokumpu Flash 
Converting,” involved reaction of solidified 
matte particles with industrial-grade oxy- 
gen in a flash furnace to produce blister 
copper and a small quantity of slag that 
could be recycled to the primary smelting 
furnace. Reduced smelter capital and oper- 
ating costs were major benefits of the proc- 
ess. 75 

The economics of the Oxygen Sprinkle 
Smelting (OSS) process were examined, and 
its capital and operating costs were compar- 
ed with the Outokumpu and Inco processes 
for the retrofitting of conventional rever- 
beratory smelters to modern oxygen flash 
smelting. The current economic return on 
investment makes it difficult to justify 
building new greenfield smelters. On the 
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other hand, it was reported that much 
can be gained by modernizing existing 
plants such as retrofitting conventional 
reverberatory/Peirce-Smith converter-type 
smelters. Benefits, such as increased 
throughput, lower energy consumption, 
higher metal recovery, and a viable means 
for environmental control were said to be 
realized with less capital outlay.” 

The simultaneous recovery of various 
metals from complex sulfide ores accom- 
plished in a single smelting process was 
being developed at the University of Bir- 
mingham, England, and supported by five 
multinational companies through the Min- 
eral Industry Research Organization and 
the British Technology Group of London.” 
The technique promised to be an economi- 
cal way to deal with ores that are difficult 
and expensive to process by conventional 
methods. A 5-ton-per-day demonstration 
unit was expected to start in 1986. In the 
process, a bulk concentrate was prepared 
and fed into a two-stage smelter. The con- 
centrates were melted under nonoxidizing 
conditions in the first furnace. At slightly 
higher temperatures, oxygen was added in 
the second furnace to react with sulfur in 
the matte, forming sulfur dioxide and 
freeing the metals. Most of the copper 
settled to the bottom where at this point it 
was removed. Unreacted matte was recircu- 
lated in a continuous closed loop from the 
second hearth to the first. 

EPA research indicated a less costly ap- 
proach for sulfur removal from stack gases. 
The method, dubbed ESOx,“ was said to 
be 20% cheaper than current methods per 
ton of sulfur removed.” Developed by EPA’s 
Air and Energy Engineering Research Lab- 
oratory, E-SOx substitutes multistage elec- 
trostatic precipitators (ESP) for single-stage 
units in retrofits. ESP's take up about one- 
third less space and the reclaimed space can 
then be used for scrubbing or spray-drying 
operations to remove sulfur from the flue 
gas, eliminating the need for a separate 
proceeeing unit. 

‘Physical scientist, Division of Nonferrous Metals. 

*Net import reliance as a percent of apparent consump- 
tion; defined as ip minus exports plus adjustments 
for Government an industry stock changes. 

*Metals Week. Economics. May 18, 1985, p. 3. 
“New Mexico Edition Pay Dirt. New Mexico 
15 Opper Firms Helpful Tax Break. Bisbee, 

SArnerican Metal Market. Amax Loss Widens for '85 
Narrows for 4th Qtr. V. 94, No. 36, Feb. 21, 1986, p. 5. 

Montana. 12215 Standard. Mine Opening Not in Sight. 
M GARCO in Incorporated Annual Report 1985. 40 pp. 
*Work cited in footnote 7. 

Work cited in footnote 7. 


10 Antigo (Wisconsin) Daily Journal. Earl Urges Mine 
Speedup. Jan. 13, 1986, p. 1. 


islature 
June 
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11 American Metal Market. Sunshine Would Pay for 
Mine With Stock. V. 94, No. 32, Feb. 14, 1986, p. 1. 
Anun kopor soani 


12 Inspiration Resources 

to Section 18 or ise Ze of the ties Exchange Act 
Se Form 10K, for the fiscal year ended Dec. 31, 1888. 

A . A Pivotal Year. Annual Report 1985. 44 pp. 

5 Standard Oil Co. (Ohio). Annual Report 1985. 

8 Pay Dirt (Bisbee, AZ). Kennecott Sets 
$400 Million Modernization Project at Utah. No. 559, Jan. 
1986, pp. 22a-24a. 

16Newmont Mining Corp. 1985 Annual Report. 54 pp. 

17Page 12 of work cited in footnote 16. 

18Work cited in footnote 16. 

1°Phelps Dodge Corp. . 

page 9 of work cited in footnote 19 

3!Pennzoil Corp. 1985 Annual Report. 48 pp. 

33Mine 8 Bi re^ CO). Copper 
Production Costs. V. 3, No. 5, Apr 13885. 11. 

Metals Week. Copper. Apr. 22, 1985, p. 2. 

work cited in footnote 7. 

E S Update an Manuel, AZ). Gold—But Onl 

( —But y 

Enough To Pay for 6 Daye of Operations V. 2, No. 3, Feb. 


3’Prepared by D. Edelstein, physical scientist, Division 


r Devel t Associa & Cop- 
loy: Min Products to U.S. Markete—1985, CDA 
arkai ta. May 28, 1986, 1 p. 
Work cited in footnote 
*°Dresher, W. H. Traditional Metals New Mar- 
ket Opportunities. Presentation to Capitol Forum, 
kl riiseg DE pa ai 1986. 


47 KB ap available upon request from 


"Report 1906, 19 
Research Assoc, New York, NY 


3 
American Metal Market. F E 
Shines. V. 93. No. 58, Mar. 19, 1965, pp. 1.7 
Computers’ Ili Winds Blow  Copper's Way. 
V. 98, No. 160, Aug. 20,1988, p. 8. 
Is Dying Held Premature. 
V. 93, No. 145, uly 80, 1385, p. 7. 
9*Work cited in footnote 29. 
P. R., Jr. Brass and Bronze Ingot Industry. 


Regel Today, Mar. 1986, pp. 9-10. 
e Week In Metals. 
pp. 2-4 


per. V. 1, No. 15, Nov. 1, 1985, 


Work cited in footnote 38. 
“Metals Week. C 
Still. Oct. 14, 1985, p 
*! Metal Bulletin e The Effect of Rate 
On Market Prices. Aug. 1985, pp. 43-45. 
** American Metal Market. Scrap Metal Price Averages. 
V. 94, No. 5, Jan. 8, 1986, p. 16. 
. Brass and Bronze Ingot Prices. V. 94, No. 11, 
Jan. 16, , 1986, p. 16. 


v. 88 No. 35, Feb. pi 1985, 1.7 TS 


40 World Bureau of Metal To World Metal Statis- 
Copper. V. 39, No. 5, May 19, 1986, pp. 33-68. 
ork cited in footnote 45. 
Metals Week. Codelco Cuts 1986 Cathode Premiums; 
Memaco Holding at Current Levels. Oct. 21, 1985, p. 2. 


. China 
tistics. Hong Kong, No. I. wie Ga 81. 
5!American Metal Market. EEC Nie Quotas 
F 1985. V. 94, No. 31, Feb. 13, 1986 


p. 1 
"Register of Australian o Mining 1984-85. MIM's Lull 
Points to Concern. Pp. 144-155. 
155 Hoboken-Overpelt. Annual Report, 1984- 
**Metals Week. Noranda To Reopen Bell in September. 
July 22, 1986, p. 8. 
American Metal Market. Canada To Give As To 
Leg Smelters Reduce Emissions. V. 98, No. 59, Mar. 8, 


oración Nacional del Cobre de Chile. 10th Annual 
Ba 985. 30 pp. 
American Metal Market. Chile Amends Foreign In- 
vestment Code. V. 93, No. 229, Sept. 17, 1985, p. 5. 
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tion of State of the Art. Appendix 3—Fracturing and 
Disputada Given $80 Million ` Rubblization. BuMines OFR 645-85, 1983, 79 pp 
Go-Ahead. No. 7000, July 5, 1985, p. 7 Haas, L. A., and T. L. Hebble. Influence of Chelati 
S Zhijie, Yu. s R r ts on Leaching of Copper Ore. BuMines RI 
: Zhongguo Dizhi (China Geology), 1985, 12 pp. 
18, 1985, pp. 19-22. Jeffers, T. H. tion and of Cobalt From 
Japan Metal Journal. V. 16, No. 9, Mar. 3, 1986, p. 2. Leach Solutions. Presentation at Metall. Soc. 
e Work cited in footnote 45. 118th Annual Meeting, Los Angeles, CA, Feb. 26- 
Work cited in footnote 19. m 1985, Metall. Soc, AIME P per B 1984, 8 
V. V. Industry of the U.S.S.R.: ers, T. H., . Groves. Minimizing 
Issues, E and On BuMines Mineral Issues, Contamination ee ned 8 Solvent Extraction- 
Sept. 1984, 80 pp. Electrowinning. es RI : , 11 pp. 
American Metal Market. Sintered d Peterson, A. E. Prevention ate Formation 
Made for Microcircuita. V. 96, No. 285, Dec. P 1985, ek Oxidation Pressure Tech. Paper 
“Tyler, D. E, B. G. Lewis, D. Renschen. A85- — ee Mod Make! big 
Electromagnetic 5 of Met., v. 2, Chemical poter 
No. 9, Sept. 1985, pp. 51 Splash in Canada. V. 92, E 0 sent 00 1 bert es 
Richardson, P. E., J. V. Stout III, C. L. Proctor, and G. "The Daily Mining Gazette. Tech Bacteria Research 
W. Walker. Electrochemical Flotation of Sulfides: May Aid White Pine . Jan. 24, 1986, p. 1. 


Rule, . B. 
Influence of an Organic Polymer in Ball-Mill Grinding of 
Dolomite, and Copper Ore. BuMines RI 8964, 1985, 


R. W., R. J. McClincy, 
MA 


of Flesh C 


. and Min. J. June 1985, pp. 
ring. Chementator. V. 92, No. 25, 


Dec. 9, 1985, p. 9. 


and R. J. acne 4 : 
Smelting Copper Without Converters. J. Met., v. 37, No. 


. Chementator. July 1985, p. 9. 


Table 6.—Percentage of copper ore and recoverable copper extracted from open pit and 
u und mines in the United States 
Open pit Underground 
Year 

Ore Copper! Ore Copper? 
SEENEN 89 84 11 16 
77 a Ge et a E oy 88 82 12 18 
i171 d eee M E 89 85 11 15 
C ³˙• . d 8 92 87 8 18 
TEE 88 89 12 11 

!Includes copper from dump leaching. 


Includes copper from in-place leaching and copper recovered from tailings and as a byproduct from other sources. 


Table 7.—Mine production of recoverable copper in the United States, by month and by 


State 
(Metric tons) 

1981 1982 1983 1984" 1985 
3 128,244 113,150 90,025 92.971 92,699 
r, os Se kere ee 117,620 108,134 11,664 87,863 ,089 
Maren 127,559 120,578 89,274 96,124 100,170 
GET See 127,251 112,662 84,646 91,250 641 
JJ aso E EE 180,958 97,628 92.170 95,045 ,834 
0 T 127,188 90,614 89,717 ,000 90,225 
JU oo nuce ꝛ UE HILL e 123,726 85,179 16,323 88,235 90,711 
August Saeed ee) um pe Se eae es LEM nets 136,221 81,574 79,211 89,032 87,446 
%%% ·AAAͥͥ˙Ü¹ te ee mme cea 134,731 8,585 ,104 88,074 81,898 
October a EEN 140,771 87,071 ,608 94,382 94,222 
November `... 134,944 285 93,706 92,507 91,870 
December... oe ee ee Sees 118,952 81,515 ,050 89,130 98,953 
77 or eral e mL Eu ee 1,538,160 1,146,975 1,038,098 1,102,613 1.105.758 

State: 

VT o oen mm s ee EE EL. i w " b 
Arizona EE EE 1,040,813 769,521 678,216 746,453 196,556 
Californias ĩ ðᷣ ð ee tei Óco W W wW W 
elu UA muc 8 w 575 W W 
;ö%êÜ¹. y tW Nue aU Us 4,245 8,074 3.556 3.701 3.551 
I ⁵¹“wuu ðr˙¾:ömʒ 8 T ds es E W 
E/] W ae Ww 
Missouri ------------------------ 8,411 7,941 7.7 5.818 13,410 
Montana eener ee eo er ee 2,485 64,951 33,337 W 15,092 


See footnotes at end of table. 
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Table 7.—Mine production of recoverable copper in the United States, by month and by 


State —Continued 
(Metric tons) 
1981 1982 1983 19847 1985 
State —Continued 
Nevada ``- ĩꝛ˙² on puo Dn Lu Lui A W W wW W 
New Mexitdo˖d« «„ „„ 154,114 W kd W W 
)) t ð 8 au ae PM 
South Carolina W EUR Se Së Gute 
Tennesse W W W W W 
))))ĩ0 et oes 211.276 189,090 169,761 wW w 
, e W W Mm e iu 
TOt]. s o oe AA A e E 1,588,160 1,146,975 1,038,098 1,102,618 1,105,758 


"Revised. W Withheld to avoid disclosing company proprietary data; included in Total.“ 


Table 8.—Twenty-five leading copper shpat pores ns in the United States in 1985, 
n order of outpu 


Rank Mine County and State Operator Source of copper 
1 Morenc i Greenlee, A⁊“ — Phelps Dodge Cort Copper-molybde- 
num ore, con- 
centrated and 
2 Tyrone Grant, Mum Phelps Dodge Corp. and Burro ore, con- 
Chief pper centrated and 
8 Chino FEC Chino Mines co Copper-molybde- 
num ore, con- 
ogee and 
4 Sierrita _______ Pima, AZ ________ Duval Cors Copper molybde- 
num ore, con- 
centrated 
5 San Manuel Pinal, 2A Magma Copper Co Copper-molybde- 
num ore and re- 
treated slag, 
concentrated 
6 CC F Kennecott. - - -.---------- Copper ore, con- 
SE and 
7 Bagdad Yavapai, Att. Cyprus Bagdad Copper Co Copper-molybde- 
num ore, con- 
centrated and 
leached. 
8 Pinto Valley Gila, A Pinto Valley Copper Corp Do. 
9 Inspiration EE, i Star te ser aba Consolidated Copper Do. 

10 Eisenhower Pima, AZ ....---- ASARCO Incorporatdd Copper ore, 
concentrated 

11 Bingham Canyon Salt Lake, Uf Kennecott. - --- ---------- Copper-molybde- 
num ore, con- 
centrated and 
leached. 

12 Troy --------- Lincoln, M. ASARCO Incorporated . _ _ ..—- Silver-copper ore, 
concentrated. 

13 Twin Buttes ____ Pima, AZ |... Anamax Mining Co - -------- Copper ore, 

14 Copperhill Polk, TN -------- Tennessee Chemical Co Copper-zinc-iron 
sulfide ore, 
concentrated. 

15 Lakeshore `... — Pinal, AZ `. Noranda Lakeshore Mines Ine Copper ore, 

eached. 

16 Castel _______ Iron. a St. Joe Minerals Cord Lead copper ore, 

. I concentrated. 

17 San Xavier Pima, AZ `, ASARCO Incorporated . -.--~ Copper ore, 
concentra 

18 Esperanza . — 77777 Duval Cor Copper ore. 

leached. 

19 Silver Bell `. ` sco oc cete ASARCO Incorporatd Do. 

20 Miami Gila. ul Pinto Valley Copper Cord Do. 

21 Mission .------ Pima, A ASARCO Incorporatdd Copper ore, 
concentrated. 

22 Battle Mountain. . Lander, NW Battle Mountain Gold Co Copper e 

eached. 

23 Johnson Cochise, AT dee? Johnson Copper Co ....- 1 

2A Buick Iron, aoooo Lead Co. of Missouri Lead - zinc ore, 
concentrated. 

25 Copper Queen Cochise, A kd Phelps Dodge Cord Copper ore. 


leached. 
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Table 10.—Recoverable copper, gold, ane d content of concentrated copper ore 
n 


Ore 
concen Recoverable meta! content 9 
State trated Copper Gold Silver silver per 
(chousend kay LSL— (troy (troy metric ton 
pesi Metric tons Percent ounces) ounces) of ore 
ns 
Arironaa 124,889 678,937 0.54 46,056 4,382,491 $0.33 
Michigan- - -------------—- W W n W W 
Montana ____________-___- 2,579 14,936 57 W 8,565,927 W 
New Mexico... -- W W Ww Ww 
Tennessee W W W ax W W 
tech v v oe W W W W W Ww 
Total or average 160.258 906,438 .56 14,633 9,658,981 51 


W Withheld to avoid disclosing company proprietary data; included in “Total or average." 


Table 11.—Blister and anode copper produced in the United States, by source of material 


(Metric tons) 
Source 1981 1982 1983 1984" 1985 
Ores and concentrates: 
Domestic c A ⁵ꝛ² iu Lr s 1,294,962 940,547 888,130 989,924 941,575 
Foreign sete sr nesciun eher 21,794 35,148 39,609 24,200 1,882 
Secondary material 60,882 45,105 59.276 169,296 249,890 
Total Ls cw ³o»wmͥͤ ³ K a 1,877,638 1.020, 800 987,015 1,188,420 1,193,347 


Table 12.—Primary and secondary copper pos by refineries and electrowinning 


plants in the United States 
(Metric tons) 
1981 1982 1983 1984" 1985 
PRIMARY 
Electrolytic. -- - --------------———- 71,297,353 71,039,772 7959.801 978,999 1947,559 
Eletrowon..-.-.--.--ccz.escoe ee 161,083 131,858 T126,659 127,286 109,606 
Fire-refined -------------------—- 185,581 155,148 Top 630 58,315 W 
Total. `- -------------------- 1,544,017 1,226,778 1,182,090 1,164,600 1,057,165 
SECONDARY 
Electrolytic SJ 2303, 338 3268, 952 T 2224,761 186,712 264,834 
Fire- ref ind 2179, 499 3198,597 3176, 907 138,237 114,347 
„„ a eh eee aAa F482 837 T461,549 740 1.668 $24,949 379,181 
Grand total... T2 026,854 71,694,327 71,583,758 1,489,549 1,436,346 
Primary domestic materials? |. "1,419,189 71,050,445 "1,028,423 1,089,584 1,003,636 
Primary foreign materials* CCC 124.828 7116,333 153,667 75.016 53,529 
Secondary materials 2222. -- ¥482 837 T467,549 740 1.668 324.949 379,181 
Total ‚˖ͤr ĩ˙·˙w x Se a T2 026,854 71,694,327 71,583,758 1,489,549 1,436,346 


"Revised. W Withheld to avoid disclosing company proprietary data; included with “Electrolytic.” 

Includes fire-refined copper amounting to less than 2% of total primary production. 

includes some copper fire-refined at plants processing primary materials. 

*Includes some copper electrolytically refined at plants processing secondary materials only. 

*The separation of refined copper into metal of domestic and foreign origins can only be approximated at this stage of 
processing. 
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Table IM cast in forms at 
refineries in United States 
(Thousand metric tons) 

1984" 1985 
Bills es 94 
CREE. % 88 7 
Cathodes- ------------------ 1276 1,280 
We e.g 
Other forms________________- 15 5 
Total. EE 1490 1,486 
"Revised. 


(Metric tons) 
Production 

Year Shipments! Stocks, 

Quantity ` ZC men 

EE 85,636 9,413 86,103 5,269 
PEMEX Ep I TRENT 8,385 83,355 4,142 
1983- c n eur ance hh E 87,500 9,789 86,614 5,029 
als o Uu EE 84,859 8,862 87,006 8,564 
1986-252. a uuu ud ee EE 82,740 8,265 81,952 4,353 


"Revised. 
Includes consumption by producing companies. 


Table 15.—Byproduct sulfuric acid' (100% basis) produced in the United States 


(Metric tons) 
Plant type 1981 1982 1988 1984 1985 
Copper? o ee oen ee ui Ok 2,598,762 1,879,983 1,887,827 2,251,812 2,280,257 
/·˙ 405,974 310,606 819,187 248,474 261,159 
Zn o ous us e Le LAE 545,890 841,728 884,529 442,517 480,946 
TB 8,545,626 2,582,317 2,541,493 2,942,303 2,928,362 


Includes acid from foreign materials. 
at mo um ts to a company proprietary data. 
“Excludes acid made from native sulfur. 
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Table 16.—Copper recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 
(Metric tons) 
1981 1982 1983 1984 1985 
KIND OF SCRAP 
New scrap: 

S M PH NE ONE 798,115 649,406 611,890 "637,201 633,924 
Aluminum bass 22.281 20.192 21.926 21,919 13,330 
Nickel-base 22222 2-2. ee 162 122 254 68 321 

32 34 20 31 31 35 
Toll c c A0 itu 7815,592 669,740 634,101 "659,219 647,610 
Old scrap: 

Coppor bes 576,497 501,576 431,243 443,585 486,500 
Aluminum- bass „ 15,043 16,047 18,015 16,929 15,459 
Nickel-bas 444444 128 76 158 102 676 
CARER ORT a EE 142 21 62 79 60 
Toal ee "591,805 517,726 449,478 1460, 695 502,695 
Grand total „„ 71, 407,397 1.187.466 1.083.579 1,119,914 1.150.305 

FORM OF RECOVERY 
At electrolytic plante 7303,338 268,952 224/61 "186,712 264,834 
At other plants 200,465 212,613 194,093 151,477 124.488 
ô·ô c 8 "503,803 481,565 418,854 338,189 389,322 
In brass and bronse e 850,546 660,152 625,349 1785, 154 724.273 
In alloy iron and steel... „ 1.876 1.492 1.484 1,705 1.336 
In aluminum alloys - - „ 47.728 41.980 36,704 48,511 33,398 
In other alloys -` ------------------ 217 17 162 307 1,118 
In chemical compounds 3.227 2.250 1.076 1.048 858 
rr ee ee 903,594 705,901 664,725 "781,725 760,983 
Grand total „ 1, 407,99 — 1,187,466 1,083,579 "1,119914 1.150.305 

"Revised. 
Table 17.—Copper recovered as refined copper and in alloys and other forms 
from copper- scrap processed in the United States, by type of operation 
(Metric tons) 
From new scrap From old scrap Total 
of Loc ced 
Tem 1984" 1985 1985 1984" 1985 

Ingot makers and secondary a meltor a 72,910 65,828 "258,583 248.948 831,493 814,771 
yticrefiners ~- ---------------- 80,276 75,979 "130,926 188.855 161,202 264,834 
Brass mills... LLL LL Lc ccc LL Ll. 518,801 477,517 15,790 16,121 529,591 483.638 
Foundries and manufacturers 19,867 13.750 187.585 82,573 51,452 46,323 
Chemical plante 347 855 t701 1,048 858 
Total. eege 637,201 633,924 443,585 — 486,500 1,080,786 1,120,424 


COPPER 36 


— 


Table 18.—- Production of secondary copper and copper - alloy products 
in the United States, by item produced from scrap 


(Metric tons) 
Item produced from scrap 1984" 1985 
UNALLOYED COPPER PRODUCTS 
Electrolytically refined coppoeoeorrrr:nr!nrrereeeerrr‚r,‚ 186,712 264,834 
Fire refined 80 0 rct ERR ; 114,347 
Copper )); ⅛ LL LL ME MAT 12,783 9,776 
Copper ²˙ Oe 457 865 
Total oo mmm en ee ee AA 838,189 889,822 
ALLOYED COPPER PRODUCTS 
Brass and bronze ingots: 

broni o a Sa ee eiae ee ĩ Kd 16,015 17,901 
Leaded red brass and semired braasasas-— «„ „„„„ „„ 116,569 106,871 
-leaded tin bronze —.—— - - — - - - - - ³ r 12,716 8,335 
/// EE oe ea ctc 8 11, 8,515 
J ⁵ ð Li d K D qd 8,062 8,069 
Aluminum bronse- ß ß eun LE a et Sa ee 8,331 1,523 
h eec Rud mid cca Mu 8 3,514 2,931 
Silicon bronze and brass `. ____ ~~~ eee 26 4,216 
Copper-base hardeners and master alloys. - — - - - -- - - - --- „ 15,931 13,274 
RC OMNI EE 313 2,898 
m EPE E E EA ß 197,041 180,665 
Brase-mill products en e A -~ A -== ee eee 666,640 562,324 
Brass and bronge castinnnn k?! 41,977 81,332 

Bráss powder- — ³ÜV ni eee cepe a ee Ei p em MIELE 
Copper in chemical products `... 1,048 858 
Grand total -— o ) Ee ⁊ð Dr 1,245,774 1,164,897 

"Revised. 


Table 19.— Composition of secondary copper-alloy production in the United States 


(Metric tons) 
Copper Tin Led Zine Nickel Alumi- Total 
Brass and bronze ingot production:? 
ee EE 156476 7,560 1 20,456 236 19 197,041 
boc pr Mq 8 6,585 9.997 15,681 183 15 180,665 
Secondary metal content of brass mill products: 
1984 EE ak cumin 8 531,765 456 3.733 127,847 2,823 16 666,640 
EE 454,853 220 2,712 102,580 1,944 15 662,324 
Secondary metal! content of brass and bronze castings: 
1 ge ee M Lu heu uL LA 34,541 1115 2,181 4,069 16 55 41,977 
Jö (CIRC a Pe , 1448 2.614 56 ; 


"Revised. 
About 94% from scrap and 6% from other than scrap in 1984 (revised) and in 1985. 
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Table 20.—Stocks and consumption of purchased copper scrap in the United States in 
1985, by c of consumer and type of scrap 


(Metric tons, gross weight) 
Consumption 
Class of consumer and type of scrap eg Receipts New Old Socia 
scrap scrap Total 
SECONDARY SMELTERS- 
No. 1 wire and heavy 6,597 184,853 31,307 97,670 128,977 12,473 
No. 2 wire, mixed i and light 14,897 ,999 41,615 167,025 208,64 80,256 
Composition or soft red brass 797 42,208 8,517 ,989 42,506 2,499 
„ DD 1,123 M 1,249 1,249 
Yellow bren- EE 6,810 A 30,889 255 258 4,887 
Au ile radiators (uneweated)- — 4 2,606 70,959 73,565 3,079 
Bronse `... 1,745 15,620 2,418 13,405 15,823 1,542 
Nickel silver and cupronickel .... 7 1,701 107 1.375 415 
EE 640 1,784 571 828 1,899 975 
Aluminum bron ess 94 1 65 159 108 
Refinery bras 14,660 86 25, 64,81 89,899 11,829 
Lowerede scrap and residues 21,001 108,184 76,896 344 111,240 17,945 
C xac 73,698 741,486 219,700 516,334 736,034 85,150 
marii MILLS! 
No. I wire and heavy yyy 8,508 198,265 180,439 12,826 193,265 9,124 
No. 2 wire, Geleet heavy and light 3,591 65,311 63,971 65,311 1,047 
Yellow bras 18,730 265,820 263,678 2,142 265,820 10,849 
Cartridge cases and bras 9,802 66, 66,338 66,984 7,184 
S3 ͤ 8 1.248 8,517 3.517 Ke 8,517 
Nickel silver and cupronickel .... 4,214 13, 13,254 311 13,565 4,156 
EE 18 12,524 12,431 12,524 1,945 
Aluminum bronse `... s 87 d 37 8 
Total ...-------------- 48,906 621,023 603,665 17,358 621,023 36,581 
FOUND CHEMICAL PLANTS, 
MANUFACTURERS 
No. I wire and hear yz 1,985 25,984 6,582 19,263 25,845 2,074 
No. 2 wire, mixed . and light 608 3.820 1.143 2,953 4,096 332 
Composition or soft red brass 406 8,939 4,715 4,202 8,917 428 
ilroad-car boxes __ _ . __ oe 1,507 2,502 pe 8,524 3,524 485 
Yellow brass 595 5,965 4,044 2,021 6,065 495 
avon radiators (unsweated).. . 983 8,689 56 8,609 3,665 951 
J — 851 636 201 441 654 833 
Nickel ei silver and cupronickel ..... 21 162 67 105 172 17 
7. E QE 50 995 666 342 1,008 81 
luminum bronrre 10³ 707 11 762 779 37 
Low-grade scrap and residues "T CE 8 8 8 
Total? __-------------- 7,015 63,402 17,491 37,231 54,722 5,695 
GRAND TOTAL 
No. 1 wire and heavy .... 17,040 854,102 218,328 129,759 848,087 23,611 
No. 2 wire, mixed nd and light 19,096 293,130 106,729 171,318 278,047 31,635 
Composition or soft red brass... 61,147 13,232 88,191 51,423 2,927 
i bones 1.760 = 4,773 4,778 612 
Yellow brass... 2-2 25,135 830,620 298,611 83,532 832,143 15,731 
ee eee J) 9,814 67,229 66,338 883 67,221 
A ile radiators (unsweated)_ _ 5,329 75,931 2,662 74,568 77.280 4,036 
Bron ne 3,844 19,778 6,142 13,852 19,994 4,652 
Nickel hia and cupronickel |... 5,037 15,428 14,028 1,791 15,819 
3JöÄö˙³ð ³ E: 3,503 15,253 13,668 1,263 14,931 2,957 
Aluminum bros 197 912 142 827 96 140 
Low-grade scrap and residues 85,661 194,755 100,976 100,166 201,142 29,274 
Re EE 129,619 1,421,911 840,856 510,923 1,411,779 121,426 


'Brass-mill stocks include home scrap; purchased scrap consumption is assumed equal to receipts, so lines in “BRASS 
MILLS" and “GRAND TOTAL” sections do not balance. 
ZO the totals shown, chemical plants reported the following: unalloyed copper scrap, 891 tons new and 3 tons old. 
*Includes refinery brass. 
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Table 21.—Consumption of copper and brass materials in the United States, by item 


(Metric tons) 
W gor ical Secondary 
ire mi 
Item ere red plants, amelters- Total 
mills miscella- ers 
neous users 
1984: 
Copper cra s 675,472 rs 769.484 758,107 71,503,068 
Refined JJ. E 576,160 1,504,694 84,981 ,897 2,122,782 
Brass ingot ` !“ 16,553 ers 1185,88 L. 151,917 
Slab ine 116,392 MS 3,689 5,268 125,349 
TN EIDEM E AR T E E E A Ro Is ue T3,365 3,865 
Copper scrap ______________________ 621,023 > 54,722 736,084 1.411.779 
coppa! 485,343 1,378,586 86 5,299 1 
Brass ingoaů;;; „„ 13,289 s3 131,186 A 144,475 
Slab xine 69,052 wee 4,693 4,175 > 


"Revised. 
‘Detailed information on consumption of refined copper can be found in table 24. 


Table 22.—Apparent consumption of copper in the United States 


(Metric tons) 
Refined Apparent 
Totalold Net refined change 
Period : : consump- 
od ti scrap imports duri 
~ pe 
UNE 1,544,017 591,805 306,228 171,000 2.27 1.050 
1962 | nc eee cL 1,226,778 511,126 221,881 211,000 — "1,761,385 
1983 —— —— o€—— y eas 1,182,090 449,478 878,171 -4,000 — '2,018,739 
1984 552 onn eee eR eem 71,164,600 460,695 353,285 -128,000 2. 106,580 
1985. 

January ~- ----------------- -n 96,071 38,936 40,288 -35,000 210,295 
EE 82,603 41,006 15,824 -52,000 191,438 
March `- . es, 94,878 ; 23,719 -24,000 192,690 
3%; 8 95,411 43,882 19,383 -39,000 197,676 
Ee 101,555 46,112 16,944 -48,000 212,611 
SUM Los ni cuu cr cn dA Luc M 77,170 979 38,856 ~1,000 161,005 
EC 964 22,627 12,000 140,471 

Ur 84.716 38.270 20,039 -12,000 155, 
September ______..______________ 81,873 45,146 32,793 -10,000 169,812 
October ts a et EE 84,901 40,367 18,509 -25,000 168,777 
November 79,490 39,132 42,224 -14,000 174,846 
December _._ .._.-..._.__--.__--- 87,617 36,808 48,582 -5,000 178,007 
Total c esc ee eee eee 1,057,165 502,695 339,788 ~253,000 2,152,648 
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Table 24.—Refined copper consumed in the United States, by class of consumer 


Class of consumer 


1984: 
Wire rod mills _ _ — 
Brass mills 
Chemical plants 
Ingot makers 
Foundries 


85: 
Wire rod mills _ _ 
Brass mills |... 
Chemical plants 
Ingot makers 
Foundries.. . . — — 


Cathodes 


11 ¿441.925 
261,622 
W 

2,657 

762 

18,917 


71,721,883 


1,322,216 
l 


W 
1,054 
96 


Wirebars 


10,333 


(Metric tons) 


Ingots 
and 


59,854 


and 


115,772 


Billets 


115,191 
3,314 
Ww 
118,505 


116,628 


3,298 
W 


119,926 


Other 


Total 


"Revised. W Withheld to avoid disclosing company proprietary data; included with "Other." 


! Revised to zero. 


Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper powder and 


copper shot, and other manufacturers. 


Table 25.—Stocks of copper in the United States, December 31 


(Thousand metric tons) 
Blister and Refined copper 
2 materials 
SS in process, Electrolytic Wire rod — Do ` ther? Commodity Total 
of refining? refiners mills mills Exchange 

I! 277 151 109 26 729 170 T 485 
T982 x Lc Su ei 233 268 125 25 T29 249 1696 
1 E 174 154 116 26 725 $71 r692 
155 Ee 245 1125 1134 27 "21 251 1564 
January 240 122 124 22 21 234 529 
February ------ 225 94 114 2A 27 218 477 
Maren 230 80 119 22 27 205 453 
Ann, 222 70 102 20 21 195 414 

N 172 70 65 22 21 182 366 
June. 171 80 68 21 21 169 365 
SIDES 168 94 82 22 21 152 377 
August 121 95 83 19 27 141 36⁵ 
September 150 8⁴ 83 27 21 134 355 
October 140 62 100 17 27 124 330 
November 142 62 94 19 27 114 316 
December 146 66 94 20 22 109 311 

"Revised. 


Includes copper in transit from smelters in the United States to refineries therein. 
"Includes secondary smelters, chemical plants, foundries, and miscellaneous plants; includes 20,000 tons in the 
National Defense Stockpile. 
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Table 26.—Dealers’ monthly average buying price for copper scrap and consumers’ 
alloy-ingot prices at New York, by type 


(Cents per pound) 
Scrap Ingot 
Year and month No. 2 No.1 No.ll6bras Yellow brass 
heavy ` composition ` (85.856 (406) 
copper (red brass) 
1904: 
„ p 41.17 42.88 84.00 69.76 
February LLL 44 40.60 42.60 71.98 
Min C0000 43.59 45.05 81.86 74.61 
cT t 44.50 45.50 88.50 75.75 
32357 ³¹AA˙¹¹² ⁰˙¹mw 43.30 50 81.23 74.48 
JJJ½(ôĩ5L¹—W ' ⁵ A ⁊ð . EA LE 42.21 44.60 86.50 78.75 
r es ete 39.86 42.50 86.50 78.75 
ANGE oou AAA Se 38.50 42.50 88.50 73.75 
9 — c / d enn CE 38.08 42 86.50 73.75 
cp EP MEUM I MENSEM CD 36.20 41.07 86.50 73.15 
TT TEE 34.50 40.50 84.50 71.75 
„ D/ p 85.67 40.50 81.58 69.81 
Average oo ß eee eee 89.81 42.94 85.91 73.01 
1985 
JAUNES oco ccc rud Ede 37.50 40.50 81.50 70.75 
February EE 37.50 40.50 81.50 70.75 
Mirch o ß 37.50 40.50 81.50 70.75 
e 222 ³ ³KAà 88 87.50 40.50 81.50 70.75 
Ji (v0 ĩ ⁵⁵ M eie 37.50 39.50 81.50 70.75 
CT EEN 87.50 $9.50 81.50 70.76 
OY cs a Se x8 37.50 39.50 81.50 70.76 
ß: ec occu ee s ee 37.50 39.50 81.50 70.75 
September c 8 31.50 39.50 81.50 70.75 
f ße EAR ne 37.50 39.50 81.50 70.75 
November |. .---------------------- 37.50 39.50 81.50 70.75 
December. -- ee 87.50 89.50 81.50 70.76 
Average c p 37.50 89.83 81.50 70.75 
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Table 29.—U. S. exports of copper scrap, by country 


Unalloyed copper scrap Copper-alloy scrap 
1984 1985 1984 1985 

Quantity Value Quantity Value Quantity Value ntity Value 
(metric (thou- (metric (thou- (metric  (thou- metric (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
Belgium-Luxembourg ---------- 2,005 $5,174 9,418 $12,535 3112 $7,027 6.314 $6,875 
TT TEE 11,249 14,630 16,582 20.989 30,895 37,715 23,968 35,329 
France o oo oc Lm Domim 52 16 166 196 205 523 205 230 
Germany, Federal Republic off 2,968 2.488 16,924 18,574 3,732 3.496 17,067 18,435 
Hong Kong... 405 570 1,442 776 239 268 1,165 603 
Ind EE is a 999 859 8278 8.476 13,822 15,078 
; ĩ˙ AAA ea 762 766 6.854 6.625 2.449 2.400 8.893 8.610 
/) ote Pd eo Le 15311 18,285 13.451 15.803 072 31.652 24.791 27.023 
Korea, Republic ohh 13.278 15.678 13.865 10.459 7.614 8.735 12.422 13.498 
77;;ö%³—˙ ß ĩð Ba 13.533 17.683 12.254 13.774 2416 2.018 3,845 4.307 
Netherlands 921 3,986 4.081 3 717 3915 4.078 
777... atl ND 1,867 1,927 4802 4,715 1,263 1,250 6,928 7.382 
Sweden 1 9 211 2556 3.414 1.808 2.520 

Switzerland ~- ----------- Se GE 441 530 471 307 646 
Taiwan ~- --------------—- 15,813 14,090 25,084 14,691 14,642 13,959 14,724 10,635 
United Kingdom `... 517 1,770 3,904 4,988 594 1,732 2,081 2,366 
Other oo Se eo eeng 1,625 1,649 3,917 2,563 1,190 1,263 3,265 2,277 
„C 80,810 96,266 134.300 132,386 108,331 124,947 145,859 159,879 


Source: Bureau of the Census. 
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Table 31.— U.S. imports for consumption of copper scrap, by country 
Unalloyed copper scrap Copper-alloy scrap 


Gross Copper 
Country Faire Value weight content Value 
tons) (thousands) (metric (metric (thousands 
: ns) tons) 
as IEEE UNE bocas dn N I Cp co Pas din ip dares di 715,436 "$16,583 19,018 13,199 $18,044 
EA SRE Eech A Te EE, A ee 114.652 121,483 21.624 14.983 25,796 
1 8 716,053 128.540 19,162 13,704 26,806 
Ee un eee enis musca Arbo S 717,640 725,328 24.101 17,539 30,562 
rc AN Fe Se P 716,459 720,550 25,449 18,844 24,247 
| eS N 3 Nope 23,086 32,183 42,006 31,832 48,597 
| EA Spree? Be pO 23,005 28.925 42,351 31,999 47,333 
1985: 
22 Lë 2 18,278 20,664 20,557 15,624 21,287 
Chile AM. TC E Seer se Ka 90 51 143 
e cse < 113 114 76 59 72 
Dominican Republic ee vede La 2 86 72 418 369 398 
. : Am 45 197 54 47 
Germany, Federal Republic of. - - - - ~~~ 46 18 121 88 165 
00 SSS WER a= N 39 30 45 39 21 
OS ² m! ⅛˙Pv Ä 44 34 26 22 19 
Jamaica _......- — ns D 9 145 122 127 110 78 
1 i E - E 38 27 101 
Korea, Republic oo — 260 329 T 7 16 
o oim ap 3.149 3,346 8,873 5,757 9,134 
` TEE EE Se eee — 389 400 469 354 387 
... Sa a uus d dci gases de a Se : 125 109 126 
r ee. S 13 15 31 29 70 
LEN" QS Ee Se ae = Cae ey ees. 1 3 150 117 231 
J AC EI Meo ms, s 88 43 40 25 17 
United Kingdom z — 63 16 278 200 429 
. BCE Ve 149 160 233 186 241 
ST A 106 117 176 128 202 
! es ee 28,014 25,680 31,984 28,348 83,208 
"Revised. 
Source: Bureau of the Census. 


(Thousand metric tons) 

Country 1981 1982 1983 1984P 1985* 
ero cnt d e mt E Ee "129 223 114.3 a We 
Argentina 1 (3) 3 A 
Australia `. 231.8 245.3 261.5 236.0 258.0 
Cô·ÜĩÜ cos e 2.6 2.3 2.0 1.6 1.5 
Botswana? ________________________ 17.8 18.4 20.8 21.5 22.0 
Brazil Geet eebe es a 11.8 24.4 40.0 44.4 32.0 

A EU tcu ͤ Kd ELLE e. 62.0 10.0 80.0 *80.0 80.0 

Burmé. omnee k à?) (9) 4.2 12.0 416.7 
Canada 691.3 612.4 653.0 712.8 124.4 
%§ööê³ö⁵ö¹?ũʃ ³ ⁵ 8 1,081.1 1,242.2 1,257.5 1,290.7 “1,356.4 
China. foe o ooo ae hte fan a 170.0 175.0 175.0 180.0 185.0 
Colombia 32322 EE 7.5 4 8 8 
Congo Brazzaville) _..________________ 2 1 1 (3) 9 
Cpe M dM ULP A E M NS aii = 3 E as 
Ceechoslovakia______________________ T9.2 T9 3 9.8 10.0 10.3 
Ecuador oen ice eas dn Sh pac r 8 2 E 99 1 
Finland -` 2 2-2- 88.5 31.3 30.0 
Fran ee. ß 1 2 1 1 1 
German Democratic Republic 12.0 13.0 12.0 12.0 10.0 
Germany, Federal Republic of... n 1.3 1.2 *1.0 *9 
Guatemala ________________________ 7 e7 (*) (*) E. 
Honduras J E E db cet er C Laer 5 5 6 27 8 

India . Se ccc LIS UA eer LEE 25.2 *94.0 81.8 44.1 442.8 

Indonesia EE 62.5 "15.1 78.6 82.5 488.7 

JôöÜrðꝛ˙ð²l ðév ⁰ymy 8 2.0 48.0 65.0 60.0 60.0 

TT ENEE 3.5 1.6 os HN ae 

Mahe EENS NA 3.5 3.5 r *29 = 


See footnotes at end of table. 
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Table 32.—Copper: World mine production,“ by country —Continued 


(Thousand metric tons) 
Country 1981 1982 1988 1984" 1985* 
f ³⅛˙» ĩ 8 d 1.5 9 1 
Japan uro ene ey er a a ek ea se 61.5 50.7 46.0 48.3 48.2 
Korea, Nortlh „ 15.0 15.0 15.0 15.0 15.0 
Korea, Republic of- . ...Q 5 A A 
EE 28.6 730.1 29.0 28.9 *90.5 
Maso EE 282.9 229.2 196.0 290.0 
Mongolia. 71.8 90.0 104.0 118.0 128.0 
Morocco — ————————————— ke: 4] = 22.1 22.0 
Ree 46.1 49.8 50.4 414 “48.0 
JJ ars cee Rann eds ® eo e? 
, tee ce keen Ra HG as "28.1 "21.6 22. 22.3 *19.0 
Oman .. n Es GE 11.8 16.2 18.0 
Papua New Guinea 165.4 170.0 201.9 164.5 *175.0 
J. $42.1 822.2 376.1 2 
Sarid ge EE 302.8 292.1 271.4 283.4 
EE T994.6 7316.0 02.8 481.0 491.8 
Portugal? ° `... 6 r. 4 4 4 *3 
Romania? 26.0 27.0 26.0 26.0 
South Africa, Republic of... "199.4 188.7 205.0 198.2 *202.3 
PAE alsa ak 8 50.9 41.6 50.0 68.1 “56.4 
Sweden. 8777 ⁵⁵¼ 88 mI T55.4 14.6 85.8 491.8 
bas - 31.9 84.4 25.0 $2.1 32.5 
UBS Re A oe eowm aee dames 510.0 560.0 570.0 500.0 600.0 
United Kingdom . nn "6 6 1 1 1 
A B ins leaching "1,406.8 r 028.2 933. 996.0 *1,007.8 
y concen or leach ing 1 1 
37 181.4 123.8 108.0 106.6 5 
Y TEEN 1111.0 119.8 129.8 187.6 150.0 
M TEE ⁰Z Z MEA 555.1 519.0 520.0 560.0 
Zambia:!? 
By concentration or leaching `... 496.9 6 406.6 363.0 
Leaching (electrowon)_ )) 122.2 190.9 118.9 184.4 120.0 
PD D CHOISIS 8 24.6 24.1 21.6 28.6 21.0 
TOM one eee ese demde Rc ., N. o 1.618. 7 7.711.7 7,906.1 8114.1 
Data by analysis d er produced where otherwise Table includes 
concentrates 
data available th: July 8, 1986. = * 
Less tona. 
Copper content of matte produced. 
Reported 
SRecoverable content. 


tent of for 


Tincludes copper content of cupriferous pyrite. 


Revised to sero. 

inata ara for rents 3 
Calculated gross wei ore using 21.6% copper content. 
"Copper content by analysis of ore mined. 


uta are for fiscal years ending Mar. 31 of year stated. 


oo 
-J 
gt 


(Thousand metric tons) 
Country* and metal origin 1961 1982 1988 1984» 1985* 
Albania, primar 79.1 710.2 11.0 12.6 12.6 
Primary 172.2 175.5 173.6 179.8 167.0 
Secondary 6.0 48 *5.0 *5.0 41 
Total. uv ˙¹ 177.2 180.8 *178.6 7 184.8 171.7 
Austria, secondary -—------------------ 21.1 80.0 30.0 80.0 86.0 
um: 
Ps mctu rca 3.1 2.5 28 "5 5 
Becondary. „ 41.5 41.5 41.5 *10.0 10.0 
Total n eee ewe Boeke 50.6 50.0 50.3 710.5 10.6 
Brasil, primar one 14.8 68.1 61.8 60.0 
.. 
gs EEN 59.0 "59.0 57.0 57.0 87.0 
Secondary... --- --------------- 3.0 3.0 3.0 3.0 3.0 
Total Lu eee ee eee 162.0 162.0 60.0 760.0 90.0 
Canada: 
Primary ee EE 450.1 394.8 499.7 504.8 488.0 
Secondary’ /n „ 15.0 10.0 11.0 11.0 17.0 
nt "VE 465.1 404.8 510.7 1515.9 505.0 
Chile, primar) 968.8 1.046.8 1.058.9 1,098.8 1. 068.5 
China, primary’ „„ 190.0 206.0 195.0 210.0 225.0 
Czechoslovakia: ` 
C ocouk eee. d mes 8.0 10.8 10.0 10.0 *10.2 
Secondary... - .- ------------------ 2.4 2.4 2.4 2.4 2.4 
:!:! ĩ⅛»2—3A 8 710.4 713.2 7124 7124 12.6 
T€ Primary 54.7 66.3 74.5 71.2 71.0 
Secondary. ________-._.--------_- 18.0 19.1 12.6 12.1 12.0 
„CCC 67.7 85.4 87.1 83.8 83.0 
France, ec rf 6.5 78.1 7.2 6.8 7.0 
German Democratic Republic, primary® `... — 16.0 17.0 17.0 714.0 11.0 
Germany, Federal Republic of: 
Primary 2622 eee see ee eee 163.1 161.8 159.1 148.8 160.0 
Secondary. . - -- -----------------—-— 88.3 18.2 94.5 76.7 80.0 
Kn, E ee ee 251.4 240.0 253.6 225.5 240.0 
Hungary, secondary? ~- --------------- 1 1 l 1 1 1 
India, primar 25.7 $2.6 $5.5 40.5 84.0 
Iran, primary” ~~~. 8 718.0 718.0 750.0 40.0 
Japan: 
Fin ee ee uat 980.0 948.2 944.6 821.1 
Second ar 50.1 98.1 117.8 107.9 *130.8 
/ A e 980.1 1,046.3 1,061.9 929.0 *982.6 
Korea, North:° " à 1 
Ell ⁵³ðͤ AA eee oe 15. 15. 15. 15.0 15.0 
Secondary LLL -------------—- 3.0 3.0 3.0 3.0 3.0 
Total c cru 18.0 18.0 18.0 18.0 18.0 
Korea, Republic of, primary and secondary _ _ _ _ _ 101.2 119.4 124.0 100.2 106.9 
Mexico, primary 69.2 "11.5 92.0 80.3 80.0 
Namibia, primar 39.7 49.8 54.2 46.4 “43.3 
Norway, primary (including electrowon) |... 82.0 24.4 27.2 87.0 88.2 
Oman, primar „„ za — 7.6 21.8 15.0 
Peru, primar kk 279.8 294.4 258.8 8 326.6 
Philippines, primary _.________________ Hn A 51.6 109.2 *125.0 
Poland:* 
Pria). olco m e au 815.0 338.0 349.0 360.0 870.0 
Secondary- LLL LLL L2 2L Lll 22r 15.8 13.0 18.0 15.0 20 
Total nna ⁵ ˙ . ⅛» ] ðͤ 2 me 890.8 351.0 362.0 875.0 390.0 
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Table 33.—Copper: World smelter production,’ by country —Continued 


(Thousand metric tons) 
Country? and metal origin 1981 1982 1983 1984P 1985* 
Portugal: 
Primary cos Soe un Lum 72.8 1.1 3.2 72.5 3.0 
Secondary? |. -------------------- A A 3.0 dÉ 2.0 
%%%%/%//]ũ ] a d uim et 73.2 1.5 6.2 3.5 5.0 
Romania:“ 
Primary A uu 2 ³ AA eee es 439.4 35.0 34.0 32.0 32.0 
Secondary... -- - - ---------------- 4.0 4.0 6.0 6.0 6.0 
Totaäl eene ee ³ 43.4 39.0 40.0 38.0 38.0 
South Africa, Republic of, primary ~- - ----- --- 185.4 1191.8 192.3 178.7 2159.7 
Spain: 
FTC ĩ ²˙˙ꝛààI A ee 87.9 105.0 100.0 97.0 100.0 
Secondary- ia saa n i ee ete 20.0 30.0 18.0 30.0 25.0 
Total. So ee ee e$ reg 107.9 135.0 118.0 127.0 125.0 
Sweden: 
Kumar •5A A uus 60.6 12.5 78.7 79.8 456.1 
Secondary „ 13.2 17.4 23.1 22.9 $18.4 
Total 5a caulina 8 73.8 89.9 101.8 102.7 74.5 
Taiwan, primar 53.1 47.3 37.9 48.4 47.0 
Turkey: 
Primary EEN 127.0 125.5 18.8 81.8 81.8 
Secondary... LLL ---------------— r3 T2 3 2 
Total oie eg 27.3 725.1 19.1 32.0 32.0 
USS.R.* 
Phmnatyo cece eet eee ec 673.0 680.0 700.0 734.0 750.0 
Send emis 137.0 138.0 139.0 141.0 143.0 
Total. 2 ũ ] ͤ ä ec et uas 810.0 818.0 839.0 875.0 893.0 
United States: 
Kp E ccr 1,316.8 915.7 927.7 1,014.1 *943.5 
Sende! 60.9 45.1 59.3 169.3 249.9 
Total“ EN 1,377.6 1,020.8 987.0 1,183.4 *1,193.4 
Yugoslavia, primar 92.5 94.0 86.8 F 90.0 100.0 
Zaire, primary: 
Electrowon 25.23 uem MEAS 301.9 302.4 304.1 309.1 310.0 
Other uu eo os mea ĩ³ 178.5 171.1 175.0 171.5 170.0 
)) ͤ 480.4 473.5 479.1 480.6 480.0 
Zambia, primar“: 560.6 584.7 562.7 531.8 508.2 
Zimbabwe, primary |. ---------------- 23.0 23.2 21.6 22.7 28.0 
Grand total "8 002.1 17. 933.0 8,142.8 8,344.4 8,386.4 
Of which: 
Primary: 
Electroẽ-wu n 301.9 302.4 304.1 309.1 310.0 
G;! ³ A Grose "7,086.4 "6,958.8 7,119.4 1,281.7 7,199.5 
Secondary ENEE 512.6 552.4 595.8 653.4 T10.0 
Undifferentiatddd 101.2 119.4 124.0 100.2 106.9 


*Estimated. Preliminary. Revised. 

1This table includes total production of copper metal at the unrefined stage, including low-grade cathode produced by 
electrowinning methods. The smelter feed may be derived from ore, concentrates, copper precipitate or matte (primary), 
and/or scrap (secondary). To the extent ible, primary and secondary output of each country is shown separatel 1 
some cases, total smelter production is officially reported, but the distribution between primary and secondary has Dos 
estimated. Table includes data available through July 8, 1986. 

Argentina presumably produces some smelter copper utilizing its own small mine output together with domestically 
produced cement copper, and possibly using other raw materials including scrap, but the levels of such output cannot be 
reliably estimated. 

*Data include electrowon production; estimated to be 35,000 to 45,000 tons per year that is fire-refined and cast into 
wirebars; detailed data are not available. 

*Reported figure. 

Figures for U.S. primary smelter production may include a small amount of copper derived from precipitates ship 
directly to the smelter for further processing; production derived from electrowinning and fire-refining is not included. 
Copper content of precipitates shi ped directly to smelter are as follows, in metric tone: 1981—113,991; 1982—104.791; 
1953—89,274; 1984—80,845; and 19 82,948. uction from scrap prior to 1984 excludes data from secondary smelters 
processing only scrap. 

*Data may not add to totals shown because of independent rounding. 
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Table 34.—Copper: World refinery production,’ by country 


(Thousand metric tons) 
Country 1981 1982 1983 1984 1985˙ 
Albania, primary* / 9.0 9.5 710.5 111.5 11.5 
Australia: 
Primary oo win AAA CU. 164.2 160.2 168.5 171.7 3163.7 
Second --------------- 26.8 17.9 84.1 *35.0 35.0 
Total Rr dde ede bee 1191.0 178.1 202.6 2206.7 198.7 
Austria: 
Primary - ---------------------- 8.8 8.8 8.8 9.6 9.0 
Becondarg. LL 22S LL eee 30.3 32.8 33.1 34.2 34.0 
TOU S cllc Sege eue 39.1 41.6 419 43.8 43.0 
Belgium: 
imAary EE 1378.6 420.6 360.3 351.7 320.0 
Secondar̃ hg 58.0 81.0 71.0 76.0 80.0 
KEE 436.6 501.6 431.8 421.1 400.0 
Brazil: 
Primary o Ll eene ait 74.8 63.1 61.3 70.0 
Secondary- ---------------------- 45.0 52.0 39.8 36.0 40.0 
Total. Ee cho cm tie ccu 45.0 156.8 102.4 97.3 110.0 
Bulgaria, primary and secondary* __________ 62.0 65.0 62.0 62.0 93.0 
Canada 
Primary EE 476.7 337.8 464.3 504.3 488.0 
Secondarůjj „„ 31.9 16.5 33.0 35.0 84.0 
"Totali eu ma ß dos Ee uui 508.6 354.3 497.3 539.3 522.0 
Chile, primary _______.______ 2222 ll 2- 175.6 852.5 834.2 879.7 3884.3 
China, primary and secondary" // 295.0 300.0 310.0 310.0 400.0 
Czechoslovakia, primary and secondary - _ _ _ _ _— 25.5 25.6 25 26.1 5 
Egypt, secondary. / 2.0 24 2.4 2.6 1.6 
Finland: 
Primary EEN 23.8 38.0 45.4 47.3 46.5 
Secondary 10.0 10.0 10.0 10.0 12.0 
TOLL. onc ͤ k ee 83.8 48.0 55.4 57.3 58.5 
France: 
, . ee ee 23.0 24.0 723.0 730.0 23.5 
Secondary? / 23.0 23.1 122.1 720.0 21.0 
„„ site eL CA On ot 46.0 41.1 45.1 49.9 44.5 
German Democratic Republic, primary and 
secondary! _______________________ 54.0 51.0 50.0 T55.5 55.0 
Germany, Federal Republic of: 
Primary o G.... AE 304.1 313.7 332.8 291.9 2330.0 
Secondar r 83.4 80.4 87.9 81.1 284.3 
Tota ces ood e a eet CE I 387.4 394.1 420.8 379.0 2414.3 
Hungary, primary and secondary? __________ 12.0 212.2 12.5 12.8 12.8 
India: 
Primary: 
Electroly tick 24.0 25.6 28.4 32.6 27.0 
Fire reſine 1.2 1.2 1.0 1.0 1.0 
P;! 8 (*) (*) (9 ($) 
Total: zur loh he OS Behe a epi 25.2 726.8 29.4 33 28.0 
Iran, primar 8 1.0 10.0 F 10.0 12.0 
Italy: 
Primary vcl See ee l 1.0 Pe SÉ M x 
Secondary 22.7 19.6 312 740.0 35.0 
rr: Se uter 23.7 19.6 31.2 40.0 35.0 
Japan: 
Primary ~- ---------------- Lm 930.0 948.2 944.6 821.1 3802.3 
Secondary- LLL LLL LLL L2 o 222 120.2 126.8 147.4 1141 3133.6 
CCC 1,050.1 1,075.0 1,091.9 935.2 2936.0 


See footnotes at end of table. 
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Table 34.—Copper: World refinery production, ' by country —Continued 


(Thousand metric tons) 
Country 1961 1982 1983 1984» 1985* 
Korea, North, primary and secondary" fr 22.0 22.0 22.0 22.0 22.0 
Korea, of: 
eee RR 108.0 1108 123.3 129.1 140.0 
Secondary? / 5.0 5.0 11.5 19 10.0 
ny JEE 113.0 115.8 184.8 187.0 150.0 
— Primary 61.8 61.4 80.9 69.8 76.8 
Secondary? _____________________- 10.0 14.0 15.0 113,8 14.0 
MORAN ese a k- wm ai ein 113 75.4 95.9 383.6 90.8 
Primary (electrowon* _____________-__ 26.1 18.0 22.7 80.8 331.1 
Pet ie site ee V 6.0 6.0 32.0 12.0 2.0 
J%7§öĩ5è5öẽöiũ ůñ ee ek 82.1 24.0 224.7 T82.8 88.1 
Oman, primary... LLL ------- Ge? e 8.8 15.1 16.0 
primary: 
hy Laien MUERE oh at EE 88.8 83.9 88.0 $0.8 327.4 
G%%öͤ;ͤð ²˙m mw A 115.6 194.4 158.1 188.6 3200.6 
Total. o nuo 8 209.4 228.8 191.1 219.4 2228.0 
Philippines, primary -.cl..--- n GS 88.8 99.2 3130.8 
88 SNR Te RE 8 821.2 848.0 860.0 372.3 2387.0 
, Primen n:: 4.8 4.6 74.6 54.6 AR 
Romania:* 
Primary . - - --- --- ----------- 39.4 38.0 35.0 33.0 33.0 
Secondary 20.6 12.0 12.0 12.0 12.0 
111 ˙iw ⅛˙%:ůM,.e 8 60.0 50.0 47.0 45.0 45.0 
South Africa, Republic of, primary) 144.1 142.8 157.1 155.7 3161.5 
Spain: 
RER 187.1 *151.8 141.5 118.1 125.0 
S/ 15.0 20.6 17.1 38.3 30.0 
gv, d BEEN 162.1 171.9 158.6 156.4 156.0 
EE 68.7 58.1 59.0 59.4 60.2 
%%% oco o ee 13.2 4.2 48 45 4.5 
Tota oo coc eode a dee 61.9 62.3 63.4 63.9 364.7 
Taiwan: 
Primary" L. ð ᷣ 8 45.2 89.4 30.0 40.4 89.0 
Secondary? _____.____-__________- 8.0 8.0 8.0 8.0 8.0 
M/ ³¹¹wꝛꝛiAA WK 53.2 41.4 38.0 48.4 41.0 
Turkey, primary - - -- -- --------------- 722.4 82.2 81.8 89.0 80.0 
U.S. R.: 
Primary ooo WA.＋1 W s 780.0 769.0 776.0 798.0 810.0 
Secondary... LLL LL LLL -_____ - 137.0 188.0 189.0 141.0 143.0 
WER 967.0 897.0 915.0 989.0 953.0 
United Kingdom: 
J32üͤ ee ĩ 8 59.8 63.2 67.5 69.5 64.0 
Secondar / 76.9 71.0 76.8 67.4 62.0 
„% a ec uuum 186.2 1134.1 144.4 136.8 126.0 
United States: 
Electrowon _.________________- 161.1 181.9 126.7 127.3 109.6 
OU. LL e 1,382.9 1,094.9 1,056.4 1,087.3 947.6 
Beconderg / 482.8 467.5 401.7 824.9 319.2 
„ 3.c ie naL ecc e. 72,026.9 1,694.3 1,583.8 1,489.5 1,436.8 
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Table 34.—Copper: World refinery production, by country —Continued 


(Thousand metric tons) 
Country 1981 1982 1983 1984” 1985° 
Y . 
€— /) pre ee eens wate ces 82.5 82.9 F 994.0 100.0 
Secondary. - - -- --- --------------— 41.9 44.4 40.8 33.6 35.4 
nk EE 182.6 126.9 128.7 127.6 3185.4 
Zaire, primarrerrxxdõdee 161.8 175.0 227.2 224.8 3226.8 
Zambia, primary: 
ia eR iE. Me idee e eden 122.2 180.9 119.0 184.4 120.0 
Other e EE 438.2 458.7 456.4 881.5 860.0 
CCC 560.4 584.6 575.4 9 480.0 
Zimbabwe, primary gg 8.0 23.0 21.6 r 22.7 20.4 
Grand total) 9,178.3 "9,021.8 9,229.9 9,136.2 9,229.5 
Of which: 
lt. modicum D 448.7 ™ 292.9 7.507 7,510.6 7,409.6 
3 ia a WEN 1,253.2 1,289.7 1,137.4 1,210.6 
tiated .. 410.5 415.8 482.2 488.4 609.8 
This table includes total uction of refined „ whether produced by pyrometallurgical or electrolytic refining 
deri A um anrefined copper or from scrap. Copper cathode derived from 
processing is also included. To the extent and outpu of oach oan = panin seperate In 
most cases, ion is reported, and in some, the distribution i 
has been estimated. udes data a through July 8, 1986. 
*Reported figure. 
Data may not add to totals shown because of independent rounding 
“Revised to sero. 
*Data are for years beginning Mar. 21 of that stated. 
includes electrowon cathode produced from imported matte. 


Kei only primary production is reported, an unknown but small additional output of secondary refined copper 
may have produced. 
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Diatomite 


By A. C. Meisinger. 


The quantity of processed diatomite pro- 
duced in 1985 was 635,000 short tons, a 
slight increase over that of 1984. Of the four 
Western States with reported production, 
California continued to be the leading pro- 
ducing State. 

Diatomite exports declined 6% to 120,000 
tons and comprised 1996 of domestic produc- 
tion. World production was estimated to be 


nearly 2 million tons. 

Domestic Data Coverage.—Domestic pro- 
duction data for diatomite are developed by 
the Bureau of Mines from one voluntary 
survey of U.S. plant operations. Of the nine 
operations to which a survey request was 
sent, 100% responded, representing 100% of 
the total production shown in tables 1 and 
5. 


Table 1.—Diatomite sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 


1981 1982 1983 1984 1985 
Domestic production (nale) 687 618 619 627 685 
Total value of als „„ $118,010 $107,619 $114,279 $120,926 $121,090 
DOMESTIC PRODUCTION 


Output of diatomite by domestic produc- 
ers was 635,000 tons valued at $127 million, 
& slight increase over 1984 output. Diato- 
mite was processed by seven companies in 
nine plants in four States. California con- 
tinued to be the leading producing State, 
followed by Nevada, Washington, and Ore- 
gon. 

The major diatomite producers continued 
to be Manville Products Corp., with oper- 
ations at Lompoc, CA; Grefco Inc., Dicalite 
Div., at Lompoc, CA, and Mina, NV; Eagle- 
Picher Industries Inc. at Sparks and Love- 
lock, NV; and Witco Corp. (formerly Witco 
Chemical Corp.), Inorganic Specialties Div., 
&t Quincy, WA. Other producers were 
Lassenite Industries Inc. in Herlong, CA; 
Cyprus Minerals Co. (formerly Cyprus Diat- 
omite Co., a division of Amoco Minerals Co.) 


in Fernley, NV; and Oil-Dri Production Co. 
in Christmas Valley, OR. 

Eagle-Picher, Reno, NV, began develop- 
ment of its open pit diatomite operation 
near Drewsey, Harney County, OR, in late 
1985. Mining and processing was expected 
to be on-stream in mid-1986. The processing 
plant is near Vale in Malheur County, OR. 

Grefco, Torrance, CA, began construction 
of a plant near Burney to process diatomite 
from the company’s Shasta County, CA, 
freshwater deposits. The plant is 
to be completed by mid-1986. Initial plant 
capacity will be about 50,000 tons per year. 

Whitecliff Industries was reported to 
have begun mining and shipping diatomite 
at Mammoth (near Tucson), AZ, in late 
1985. 
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CONSUMPTION AND USES 


Apparent domestic consumption of proc- 
essed diatomite increased slightly to 520,000 
tons. Domestic and export sales of filter- 
grade diatomite were 417,000 tons, com- 
pared with 418,000 tons in 1984. Sales of fil- 
ler-grade diatomite were 137,500 tons, 


slightly above that of 1984. Diatomite used 
as additives and absorbents increased 
10,000 tons to 76,000 tons. Insulation use 
decreased 35% to 4,200 tons in 1985, the 
second straight year of decline. 


Table 2.—Diatomite sold or used,' by principal use 
(Percent of U. S. production) 


![ncludes 


exports. 
?Includes abrasives (1981-82), absorbents, additives, and silicate admixtures. 


The average unit value of sales for proc- 
essed diatomite increased $7 per ton to 


Table 3.—Average annual value per ton! of diatomite, by use 


Use 


LX D we vm vm mp o ae om ee — — vm mp ven vm mp em = 


Based on unrounded data. 
*Includes absorbents, additives, and silicate admixtures. 


— mm mmm ee em wm wm we ewe em mp ew ew ia mm — vm i — vm em i mm — e 
— mm —ů— — —— mm mmm mm — mem mm wm mn gn — — — — 


ep æ pen — mm — — mm mm zem mm wm ge mm mm vm mm mm o 


1981 1982 1983 1984 1985 
5 23 19 21 22 21 
5 64 68 66 67 66 
3 2 1 3 1 
ugue 11 12 10 10 12 

$200. 
1983 1984 1985 

Lec acu a $176.77 $175.10 $184.49 
C 200.16 210.60 220 80 
FF 119.26 186.98 110.95 
„ 116.05 120.85 118.39 
3 184.58 192.62 199.93 


FOREIGN TRADE 


U.S. exports of processed diatomite de- 
clined 6% from that of 1984. Average unit 
value of exports, however, increased slight- 
ly from $232 per ton to $238 per ton. 
Diatomite was exported to 77 countries, and 
the quantity represented 19% of domestic 
production. The following six countries 
received 61% of the total: Canada, 25,500 
tons; Japan, 14,000 tons; Australia, 13,000 
tons; the United Kingdom, 8,700 tons; the 
Republic of South Africa, 6,100 tons; and 
the Federal Republic of Germany, 5,900 
tons. 

Diatomite imports totaled 4,950 tons, of 


which nearly 95% originated from Taiwan, 
compared with 338 tons in 1984, of which 
Mexico supplied 75%. 


Table 4.—U.S. exports of diatomite 
(Thousand short tons and thousand dollars) 


Year Quantity Value! 
EE 141 29,863 
1983 Lee 146 31,569 
8. 127 29,461 
(TEE 120 28,519 

U.S. Customs 


DIATOMITE 
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WORLD REVIEW 


World production of diatomite was esti- 
mated to be nearly 2 million tons, of which 
the United States produced one-third, fol- 
lowed by Romania, France, and the U.S.S.R. 
New data available in recent years show 
that Romania has emerged as a major world 
producer. The principal Romanian deposit 


areas are at Adamclisi, Partirlapele-Buzau, 
and Minis-Arad. Diatomite consumption in 
Romania has been oriented toward the 
building construction industry. 


‘Industry economist, Division of Industrial Minerals. 


Table 5.—Diatomite: World production, by country! 


(Thousand short tons) 

Country 1981 1982 1988 1984P 1985* 
P 5 5 5 2 2 
Argentina- -LLL LILLI LILLI 6 1 12 “11 12 
Australien 2 2 eg 79 9 
Brazil (marketable) ))) 10 14 Zug *18 18 
Canada? LLL LLL LLL LLL LL LL LLL 4 2 2 2 2 
KEEN ® ® 1 2 2 
Colombia 1 1 1 1 1 
Costa Mena 1 1 *1 *1 1 
Denmark:* 

Diatomite__.____________________ 4 vd 1 18 6 
Mole ⁵ P 70 78 r 155 on S 
France. ebe Nb ll 269 e 218 216 
e nes ea ae 22 28 28 30 88 
Italy... 28 22 28 11 83 
— ó d d d d 
Melen. —— LLL 62 62 48 49 50 
Nru“ninnnnunn· U U 8 8 8 8 8 
Beetagn) -22-2-2111 LIIL 8 eg 2 2 2 
Romana 0 820 T320 1920 1881 381 
South Africa, Republic o.. 1 1 1 CO (*) 
NA SQ NU MANT em atta! 42 10 61 80 66 
7% -9ß ($ 5 CO 1 1 
VPP 11 11 11 rg 8 
URSReC (oie sec cet cee 254 260 260 265 210 
United Kingdom ~ nn wl *1 ( * (* (7) 
United Stats... 687 618 619 627 4635 
"EE 71.867 71,892 1871 1,933 1,951 


Table includes data available through . 22, 1986. 
*Less than 1/2 unit. AES 
*Data represent sales. 

figure. 
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Feldspar, Nepheline Syenite, 
and Aplite 


By Michael J. Potter 


Total U.S. feldspar output in 1985, includ- 
ing soda, potash, or mixed feldspar, and 
feldspar-silica mixtures, was 700,000 short 
tons with a value of $22.8 million. Housing 
and commercial construction activity re- 
mained relatively high resulting in contin- 
ued strong demand for plumbing fixtures, 
tile, and glass fiber insulation in which 
feldspar is used. Imports of crude and 
ground nepheline syenite decreased 1296 to 
about 333,000 tons with a total value of 
$11.4 million. 

Domestic Data Coverage.—Domestic pro- 
duction data for feldspar are developed by 


the Bureau of Mines by means of a volun- 
tary survey. Of the 15 active mines, 12, or 
8096, responded, representing an estimated 
8196 of the total production data for feld- 
spar shown in table 1. The remaining 1996 
was estimated from prior years’ data ad- 
justed to current industry levels. 

Legislation and Government Pro- 
grams.—According to provisions of the Tax 
Reform Act of 1969, which continued in 
force throughout 1985, the depletion rate 
allowed on domestic and foreign feldspar 
production was 14%. 


Table 1.—Salient feldspar and nepheline syenite statistics 


1981 1982 1988 1984 1985 
665,000 615,000 710,000 710,000 700,000 
$21,000 $20,800 $22,500 $23,500 $22,800 

14,025 10,800 9,360 10,080 9,280 

$1,110 $989 $856 $920 $680 

206 48 64 25 952 
$61 $24 $31 $15 $1,150 
506,100 455,596 401,851 811,945 604 
$11,529 $13,751 $13,997 $14,218 $11,485 
1,187 1,060 1,108 1,078 1,024 
73,561 78,885 4,008 P4,167 *4,294 


"Revised. 
feldspar, flotation concentrate feldspar, and feldspar in feldspar-silica mixtures; includes potash 


FELDSPAR 


W 
od short tons 
Valunn ses 
Value L LLII LIII E 
Imports for consumption _ _____ abort tons 
Age, -----~---- es 
Imports for consumption _________ short tons. 
T — 
Comsumption, apparent? (feldspar plus nepheline syenite) 
World: Production (feldspar) „ di. 
cocer higher) 
96 or . 
*Production plus imports minus exports. 
DOMESTIC PRODUCTION 


Soda feldspar is defined commercially as 
containing 7% soda (Na;O) or higher; pot- 
ash feldspar contains 10% potash (K, O) or 
higher. However, to publish information on 


potash feldspar without revealing company 
proprietary data in this report, feldspars 
containing 8% K,O or more are defined as 
potash feldspars. Hand-cobbed or hand- 
sorted feldspar is usually obtained from 
pegmatites and is relatively high in K,O 
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compared with Na,O. Hand cobbing contin- 
ued to be a minor fraction of total produc- 
tion. Feldspar flotation concentrates, most 
of the U.S. output, are classified as either 
soda, potash, or mixed feldspar, depending 
on the relative amounts of Na,O and KA) 
present. Feldspar-silica mixtures, feldspath- 
ic sand, can either be naturally occurring or 
a flotation product. Total feldspar content 
of this mixture was 28% of total feldspar 
output during 1985. 

Feldspar was mined in six States, led by 
North Carolina and followed in descending 
order by Connecticut, Georgia, California, 
Oklahoma, and South Dakota. North Caroli- 
na accounted for 70% of the total. Eleven 
U.S. companies operating 15 mines and 18 
plants produced feldspar or feldspar-silica 
mixtures for shipment to more than 31 
States and foreign countries, primarily Can- 
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sand mixtures. North Carolina had five 
plants, California had three, and Connecti- 


Dakota each had one. 

The data for potash feldspar were collect- 
ed from the three U.S. producers of this 
material; some of this feldspar contained 
leas than 10% K,O (8% to 10% K,O). 

Lithium Corp. of America (Lithco), a 
wholly owned subsidiary of Gulf Resources 
& Chemical Corp., was sold to FMC Corp.* 
Lithco’s domestic facilities are located near 
Bessemer City, NC. Ore from the company's 
open pit mine was milled to produce lithi- 

um-bearing spodumene concentrates, by- 
product mica, and feldspar-silica mixtures. 


Table 2.—Feldspar? produced in the United States 
(Thousand short tons and thousand dollars) 


Flotation Feldepareilica 
Year Hand-cobbed concentrate mixtures? Total? 
Quantity Value Quantity Value Quantity Value Quantity Value 
enee 11 194 504 16,850 149 4,000 665 21,000 
1982 ew 8 10 172 457 16,090 147 4,040 615 300 
1988 oe 8 1 107 525 17,128 178 5,265 710 22,500 
1084 8 1 124 502 17,874 201 5,508 710 23,500 
IEN 14 W 481 16, 781 197 W 700 22,800 
W Withheld to avoid disclosing company proprietary data; included in “Total.” 
A rad sare feldspar (8% Kai or higher). 
*Data may not add to totals shown because of independent rounding. 
Table 3.—Producers of feldspar in 1985 
Company Plant location Product 
Arkhola Sand & Gravel Co... Muskogee, OK * mix 
California Silica Products co ooo „ era Juan Capistrano, Do. 
Calspar Ite... ox ee eee Sew So eee Santa Fe Springs, CA Soda ; 
Crystal Silica Co... 22 -= -=-= A LL LL LLL Oceanside, C mir- 
The Feldspar Corp --------------------------- Miladia, eT... Soda ; 
ee hee Monticello, GA AE, 
D6 EE Wë nine Ne SEN Soda feldspar. 
t pd p ontpelier, VA _ Aplite. 
Foote Mineral CCcõh ooo. Mountain, NC . ilica mix- 
Induamin Inc ER e Pine, NC Soda fe: i 
International Minerals & Chemical Gong 22.22 deg “ina ieee po arpar 
Mountain Mica Co. ine Moun NC _ feldspar. 
um Corp. of America 2 LL LLL LL LLL LLL 22-2 Bessemer City, NC Feldsper-silica mix 
Pacer Corp ` - - - - ] nce ai aue es . Potash feldspar 
Spartan h é Pacolet, SC Sc 


FELDSPAR, NEPHELINE SYENITE, AND APLITE 


CONSUMPTION AND USES 


The majority of users acquired their sup- 
plies already ground and sized by feldspar 
producers, although some manufacturers of 
pottery, soaps, and enamels continued to 
purchase feldspar for grinding to their pre- 
ferred specifications in their own mills. A 
substantial portion of the material classi- 
fied as feldspar-silica mixtures served in 
glassmaking without additional processing. 

Of the total feldspar consumed in the 
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United States, 55% was used in glassmak- 
ing, including container glass and glass 
fiber; 45% was used in pottery; and less 
than 1% was used in enamels, electrical 
insulators, etc. 

The use of feldspar in pottery articles 
such as plumbing fixtures and tile increased 
by 9% compared with that of 1984. This was 
apparently because of the continued good 
demand for plumbing fixtures and tile in 
the housing market. 


Table 4.— Destination of shipments of feldspar: sold or used by producers in the 
United States, by State 
(Short tons) 
State 1981 1982 1983 1984 1985 

K ˙ ¹- ˙¹·- ⁰ mr: . 19,600 16,500 14,600 15,100 W 
pas VT T AE A edt 35,000 30,000 45,000 45,000 50,000 
r ue CREE . TIE 17,800 18,800 W Ww W 
— . —˙— W ABP... A a mta x See 25,700 21,000 22 100 20,300 16,900 
qno epos tar VE Shih Bi minis eich eh nba ndecsen cp ec 68,300 74,600 96,900 96,000 95,300 
OS a a ee 31,100 26,900 46,600 38,000 37,000 
c ˙ AAA 22 100 20,200 37,200 735.100 W 
A ·˙ A 11.700 13,400 11,400 13,300 16,200 
(0700 hae es seat rt Ee cinia Srt. 13,900 12.200 17,400 21,300 12,200 
QUT dom EE Om ro een. niami 4,300 4,600 4,500 7.400 7,400 
. . ²˙ - nen ie ane an 8,800 9,300 1,200 710,800 W 
Coo — — eee W 2.000 W W W 
r AAA. 13.000 15,800 15,900 12,000 W 
r A Ea eR 4,300 4,100 5,000 4,400 4,100 
ccc 63,400 51,700 56,600 53,200 W 
r ĩ˙·˙.m‚᷑ĩ̃ĩV2 19,400 17,800 18,300 710,800 W 
North "` EE EECHER — 17,000 16,500 20,100 16,400 17,000 
Ee E EE EE 52,800 51,600 53,600 "64.900 65,800 
Oklahoma ese uc RODEO 34,700 31,900 W W W 
C ͤ 42.900 28, 800 33.200 737.200 31,100 
"TT SC Elo XU CERES E ae oer WEEN 16,400 14,900 18,400 17,400 W 
SEE Sa dur EE dnx 16,100 15,300 W W W 
et ROBA EE Sene 39,400 36,700 41,900 741,400 42,000 
TL rp 36,100 31,600 38,100 728,500 27.000 
. AAA. ˙» ⁰· . Ww So W W 9.400 11,100 W 
rr ̃ ...... 40,600 43,800 102,000 T99 800 277,400 
% AA ch ee 655,000 610,000 710,000 — "700,000 700,000 


— "Revised. 


. (9X Ka or higher 
prian incomplete, and estimates are very rough. 


W Withheld to avoid disclosing company proprietary data; included with “Other 


Island, Virginia, States indicated by symbol W, and 


udes Arkansas, Colorado, Kansas, Minnesota, Rhode 
unspecified States. Also includes exports to Canada, Mexico, and other foreign countries. 
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Table 5.—Destination of shipments of potash feldspar' sold or used by producers in the 


United States 
(Short tons) 
Destination 1981 1982 1983 19847 1985 
Maryland N Vork. We s Virginia _____________- 24.800 21.500 25,300 21.800 28,000 
ew 10 est Virginia ..------------ , , " B 

SSöÜ—»ĩ VVV 9,800 8,100 8,100 9,000 8,200 
SE EE EE K ĩ 9,100 6,400 1,100 18,500 8,200 
vw TT — oa Se ee hie Sad 200 200 300 200 200 
Canada — oou oA A E uestes 4,900 8,200 4,300 4,600 5,200 
Mexico 152 Kees ege . 2,800 2,400 W W Ww 
e eet ot ee 8 17,500 16,300 14,100 16,400 21,400 
Tot... unn ³Üd ĩð 8 80,400 66,200 65,200 71,300 77,000 


"Revised. W Withheld to avoid disclosing company proprietary data; included with Other.“ 
1K 0 content of 8% or higher. 


"Includes Alabama, Arkansas, California, Colorado, Connecticut, Florida, Georgia, Kansas, Kentucky, Michigan, 
Massachusetts, Minnesota, Missouri, New ere North Carolina, South Carolina, Tennessee, States indicated by symbol 
W, and other unspecified States. May also include foreign countries. 


Table 6.—Feldspar' sold or used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


U 1984 1985 
T Quantity Value Quantity Value 
Pottery 6 481 12 W 
Other a oe oe eds 8 1 51 1 wW 
Total o ß p ee Se eS 1 588 18 
Flotation concentrate 
NN E e se ie EL le Mi EUM id du 7,063 216 7.207 
IJ); ⁰]³ A ete eI e oe T253 712,100 216 14,185 
Other ur SS CRO ae Si ee AD e Pe BOE EE Peed ee 
Total dee ee ee ea eee W Ww 492 21,842 
Feldspar-eilica mixtures:? 
UD c .. 153 7,468 178 8,351 
Eeer ee ee ee E 2 1,867 25 
EE gt ey ] ꝗ 8 W W m aid 
% // eu cnet e W 198 W 
Total:“ 
JJCCC eA nici ri Lec ek i um 382 14,581 889 15,558 
z d 7287 718,954 818 W 
PTT cT 128 11,568 1 W 
% "00 750,100 700 $2,000 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 
Mncludes potash feldspar (8% Kai) or higher). 

*Feldspar content. 

*Data may not add to totals shown because of independent rounding. 

*Includes container glass and glass fiber. 

"Includes enamel, filler, etc., and unknown. 


Table 7.—Potash feldspar: sold or used by producers in the United States, by use 


1984* 1985 
Use Quantity Value Quantity Value 
(short tona) (thousands) (short tons) (thousands) 
%õĩ˙.!i:i u é 52.200 $3,790 59.300 W 
A ³˙¹ Dc AAA ĩ AA 8 19.100 990 17,700 W 
Total 2 19 4- ch ah ah era det 71,300 4,180 77.000 W 


Revised. W Withheld to avoid disclosing company proprietary data. 
1K30 content of 8% or higher. 
"Includes glass, enamel, etc. 
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Moet feldspar prices increased compared 
with those of 1984. Engineering and Mining 


40 mesh, flotation _ _—_— 
200 mesh, flotation __ — 


NA Not available. 
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Journal, December 1985, listed the follow- 
ing prices for feldspar, per short ton, f.o.b. 
mine or mill, carload lots, bulk, depending 
on grade: 


S 


1985 


ep 82 EB 


588 88 88 


aug ag EE 
SSR SR SR 


So 585 Engineering and Mining Journal, v. 186, No. 12, 


u 
Dec. 1985, p. 11. 


U.S. exports classified as feldspar, leucite, 
and nepheline syenite, but presumably 
mostly feldspar, decreased 8% to 9,280 tons 
valued at $680,000. Chief recipients were 
Canada, 51%; the Dominican Republic, 
18%; Mexico, 11%; and Taiwan, 6%. The 
remaining 14% was shared among eight 
other countries. 

In addition to feldspar and nepheline 
syenite, the United States imported 580 
tons of “Other mineral fluxes, crushed” 


with a value of $323,000. This represented a 
59% decrease in tonnage compared with 
that of 1984. Also, 60,400 tons of “Other 
crude natural mineral fluxes” was imported 
with a value of about $3.0 million. This was 
a 39% decrease in tonnage compared with 
that of 1984. 

The tariff schedule in force throughout 
1985 for most favored nations provided for a 
8.096 ad valorem duty on ground feldspar; 
imports of unground feldspar were admit- 
ted duty free. 


Table 8.—U.S. exports of feldspar, by country 


Country 


— e æ re —— —— — — — —ä— em em ß — 2 


ar — mm mm mmm mn =o zm mm o we am a — e mm em — rm 
— =- — — — — — — vz zm mm mm vm o we mx mn rm — mmm — —— 
— — — — — e — rm wm ms — mmm e zem mm vm mm — mm mm zm — — 2 
e = zm e em ges em em mm vn em mm — — mn e zm mm mm vm vm —— x — — 


1984 1985 
Short tons Value Short tons Value 
ees 6,040 $378,100 4,700 $290,100 
mE 1,020 107,400 1,640 100,360 
mote 1,180 179,400 1,000 54,800 
AA NA 270 27,100 M es 
alive 600 112,000 560 100,400 
VENUS 490 38,300 210 60,000 
MTS 480 71,400 1,110 74,100 
Tu 10,080 919,700 9,280 619,100 
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Table 9.—U.S. imports for consumption of feldspar, by type and country 


1984 1985 
Type and country Short Short 
ions Value tona Value 
Crude: 

Germany, Federal Republicot ~~ 777777222722222220272 1 861 M 
man QOL oem Oe ( E MMC 
U ited e = æ rm mmm mm zm ep ep e gx ep em zm e gem gg eg e m gr zg sp e e — ep ep o o e er mm em -— - 1 561 214 19,828 
ni JJ E EE m 2 8 
United Kings 7 CRANE fa te dh or iz ee ecu MR Ste Bes 702 1,097,600 

Ground, crushed, or pulverized: 
EE 11 9,800 mm ut 
Germany, Federal Republic of... -- ~- ------------- 227 Ge ES 
Netbherandſd..............d M N 9 19,116 
Switzerland ee Ae ru mL LI ui ³ð f ee eee S SE 1 2,428 
nited Ree PR E E 10 8,595 6 2,991 
Total 4 m4 se re a a a eee 25 14,544 952 1,150,468 
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Germany, Federal Republic of.—Al- 
though a major producer of feldspar, the 
country relied on imports of feldspar and 
nepheline syenite from the Scandinavian 
countries. The majority of feldspar was used 
as a flux in the ceramics industry, of which 
the Federal Republic of Germany was a 
leading producer. The most important feld- 
spar producing region contained feldspar- 
quartz-pegmatites and their derived peg- 
matite sands, which were mined and benefi- 
ciated in conjunction with kaolin and silica 
sand. Amberger Kaolinwerke GmbH was 
Western Europe's largest producer of potas- 
sium feldspar with about 130,000 tons per 
year. Gebruder Dorfner OHG had an output 
of about 28,000 tons per year of feldspar. 
The ceramic manufacturer Hutschenreu- 
ther AG also worked pegmatite sands and 
had an annual capacity of 44,000 tons of 
feldspar. Saarfeldspatwerke H. Huppert 
GmbH & Co. KG of Saarbrucken was min- 
ing 55,000 to 66,000 tons per year of feld- 
spar. The country's largest tile manufactur- 
er and major whiteware ceramic producer, 
Villeroy and Boch Keramisch Werke KG, 
worked partly kaolinized, feldspar-rich rhy- 
olites and was producing about 55,000 tons 
per year of feldspar for its own consump- 
tion. Rhyolites are fine-grained igneous 
rocks having a chemical composition simi- 
lar to that of granite. A final source of 
feldspathic material was phonolite, which is 
an igneous rock containing feldspar. The 
major producer of phonolite was the Brenk 
Mine at Eifel, operated by Kali Chemie AG. 
Annual production was approximately 
140,000 tons, which was primarily for the 
manufacture of colored glass. 

Greece.—The Hellenic Industrial Devel- 
opment Bank reportedly began work on its 
feldspar mine at Paranesti near Drama. In 


the first stage, production was planned at a 
rate of 31,000 tons per year at an estimated 
cost of $2.7 million. Upon completion of the 
facility, annual output was projected to rise 
to 86,000 tons. Greece imported up to 15,000 
tons per year of feldspar during the previ- 
ous decade.* 

The final stage of construction for a plant 
owned by Dr. Georgiadis to process quartz 
and feldspar, and potentially other miner- 
als, continued in 1985 at Assiros in northern 
Greece, approximately 15 miles north of 
Thessalonike. The feldspar was a soda feld- 
spar occurring in pegmatite veins. Process- 
ing steps would be employed to remove mica 
and iron oxide. Quartz and feldspar would 
be sold for use in ceramics and paint. Feld- 
spar sales would be directed at eastern and 
central Mediterranean countries and the 
Middle East, after satisfying local demand.* 

Spain.—Industrias del Cuarzo S.A. con- 
tinued mining operations at a large feld- 
spathic sand deposit at Carrascal del Río in 
Segovia Province. The processing plant pro- 
duced silica, feldspathic sand, and feldsper. 

Llansa S.A. worked five quarries near 
Llansa in Gerona Province. The deposit was 
in the form of pegmatite veins, with three of 
the quarries containing soda feldspar and 
two containing mixed soda-potash feldspar. 
Proven reserves were in excess of 5 million 
tons. Processing steps included crushing, 
washing to separate clays, and air separa- 
tion. Plant capacity was 44,000 tons per 
year. A second milling plant, which would 
include magnetic separation and air sepa- 
rators of a new design and would double 
capacity to 88,000 tons per year, was tar- 
geted to come on-stream at yearend 1985. 

United Kingdom.—Feldspar imports in 
1984 were 60,000 tons. Principal countries of 
origin and the share supplied were Finland, 
43%; Norway, 26%; and Sweden, 20%.’ 
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Table 10.—Feldspar: World production, by country’ 


(Thousand short tons) 
Country? 1981 1982 1983 1984? 1985* 
ATEDUDN oos nno %⅛»Q6—w5WQA3A]. y 29 17 22 *22 22 
6) none c Ue . une 4 5 4 *4 4 
Austria (e noue cce mu A e uh a es 11 8 1 8 8 
Bradl eo tee oe 8 181 145 186 116 182 
Burma p pp ucc SE 5 8 3 7 7 
Chile oe ũũ y y oe ee 8 1 8 8 8 
Colombia ——— ee See 80 83 85 86 85 
Egypt RE REM CERRAR SUN 4 9 7 *6 6 
Finland WEE 70 77 57 62 61 
J777%%ào•o³B n ee 211 191 193 230 231 
Germany, Federal Republic as „„ 877 865 864 r 0287 909 
. 1 8 2 d d 
lid —— .— occi idu . LR Lt E 65 49 46 44 44 
len i ts . 2 8 8 8 8 
Haly... oo ee ad pec y iade 412 864 951 1,086 *1,281 
dapan’ . ee d 5... ĩͤ 8 28 88 84 89 84 
SC Republic F epublic )J) 1 y 94 121 140 110 
MO eR LEO eee oko 144 127 180 98 110 
Moroco- n Z i i peace 2 1 1 wl 1 
NVC : : ^ q S 
JJ] ³˙¹ AAA 6 6 
e,, ß 64 Te 64 r *66 66 
Pakistan ee ee ee eee eee es 12 r9 6 6 6 
EE c or 4 9] 9" $ 8 
Poland’ —— ne ee ß ums wid cune 90 88 88 88 88 
Portugal” EE *49 41 46 44 89 
Romani ___---------------------------- 93 gg 794 794 95 
South Africa, Republic jaa «« „» 1ů—,5ͤ 63 58 50 48 86 
„„ ek so cwm ase eue EE 148 144 128 *121 182 
Sri Lanka EE *4 8 8 6 6 
e ß p 44 60 58 *61 61 
Teiwan on ( . é LE 19 12 13 17 17 
Thailand T 21 21 58 82 83 
Turkey! 25222, ß 77 77 410 11 22 
U EE EE 850 900 860 860 810 
United Kingdom (china stone) „ T6 76 7 7 7 
United States ] ñ ² A eee ee 665 615 710 710 “700 
, . eee scu coe ss 8 1 1 1 1 
J%%%//Vͤͤôͤ A 24 8 41 T 82 81 
Yugoslavia 22.2505 ER 59 41 46 *46 50 
Tambi seno ̃ p iue cete 0 9 9 0 9 
Zimbabwe —— unos eum m Sees 8 1 2 2 1 
iim. e tee eee ce eee 13.561 1,885 4,008 4,167 4,294 
"Estimated. "Preliminary. "Revised. 
Mages includes data ATALADI wher yy May C Lon r — mu " 
addition to countries listed, Czechoslovakia, Madagascar, and Namibia uce t output is not 
officially reported, and available general information is inadequate for the formulation of reliab estimates of output 
Sarias ax ludes production of laucis and bodalite, dala consist only of thet materiil terorted by Brazil under the 
of ‘ ino feldspar production was es follows, i for direct sale and (2) salable beneficiated 
noue total run-of-mine uction was as oor in thousand short tons: 1981—121 (revised); 1982—87; 
988—71 (revised), 1984—93; 100 (estimated) 
*Reported figure. 
ein addition, the quantities of aplite were produced, in thousand short tons: 1981—886; 1982—385; 1988—442 
ised), 1984—486; and 1 15 (estimated). 
*Less than 1/2 unit. 
"Excludes nepheline te. 
"Includes pegmatite. 
NEPHELINE SYENITE 


Nepheline syenite is a quartz-free, light- 
colored rock that, although resembling 
medium-grained granite in texture, consists 
principally of nepheline and alkali feld- 
spars, usually in association with minor 
amounts of other minerals. Large quantities 
of nepheline syenite, after processing to 


remove contaminants, especially  iron- 
bearing minerals, were consumed in mak- 
ing glass and ceramics. There was no do- 
mestic production of nepheline syenite in 
grades suitable for these purposes, and U.S. 
needs were wholly supplied by imports. 
With the purchase of IMC Industry 
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Group (Canada) Ltd. in 1985, Falconbridge 
Ltd. became owner of both nepheline sye- 
nite operations in Canada. The two oper- 
ations, IMC and Indusmin Ltd., a division of 
Falconbridge, were mined at different 
points on the Nephton nepheline syenite 
deposit in the Blue Mountain District of 
Ontario, Canada.* 

In Norway, nepheline syenite was pro- 
duced at the Norsk Nefelin underground 
mining operation on the Arctic island of 
Stjernoy. Sales were mostly to markets in 
Western Europe. 

About two-thirds of the output from Can- 
ada and Norway was consumed in insula- 
tion fiberglass and container glass manufac- 
ture. The second largest outlet was in ce- 
ramics, especially porcelain, tile, and white- 
wares. Nepheline syenite also was used in 
fine-grind applications as an extender in 
paint and an inert filler in plastics.* 

In the U.S.S.R., development of the min- 
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eral resource known as synnyrite was being 
considered. The mineral, which has been 
identified in only two locations in Siberia, is 
similar to nepheline syenite and is made up 
essentially of the potassium analog of 
nepheline-kalsilite, K,0*A1,0,*2SiO,; and 
potassium feldspar, K,0*A1,0,*6SiO,. Syn- 
nyrite is a potential raw material for the 
production of alumina for reduction to alu- 
minum and nonchlorine-containing potassi- 
um fertilizers. The typical composition of 
synnyrite is SiO,, 54%; Al-O,, 22%; and 
K, O, 19%. Various technologies for process- 
ing the mineral were being tested, including 
one that uses sulfuric acid to decompose the 
synnyrite into alum, KAl(SO,^, and silica, 
SiO. 10 

The price for Canadian nepheline syenite, 
glass grade, bulk, 30 mesh, carlots or truck- 
lots, was $20 to $28 per ton, depending on 
iron content, according to Industrial Miner- 
als (London), December 1985. 


Table 11.—U.S. imports for consumption of nepheline syenite 


Crude Ground 
Quantity Value Quantity Value 
(sh (thou- (short (thou- 
tons) sands) tons) eands) 
tp 212 $13 407,139 $13,984 
NE 410 17 811,535 14.201 
rm 920 62 831,684 11,373 


APLITE 


Aplite is a feldspar mineral that has more 
than one geological definition. However, 
aplite from the only active U.S. operation 
contains primarily lime-soda feldspar. Ap- 
lite, usually unsuitable for use in ceramics, 
has been used in the manufacture of glass, 
especially container glass, when it is suffi- 
ciently low in iron. Japan, with an annual 
production of approximately 450,000 tons, 
has been the world’s foremost producer of 
aplite. 

Aplite of glassmaking quality was pro- 
duced in the United States from one surface 
mine. The Feldspar Corp. mined aplite near 
Montpelier, Hanover County, VA, and 
treated the material by wet grinding, clas- 
sification, and spiraling to remove biotite, 
ilmenite, and rutile, followed by dewatering 
and high-intensity magnetic separation to 
eliminate iron-bearing minerals. 

Domestic output of aplite increased over 


that of 1984. The data are company propri- 
etary and cannot be released for publica- 
tion. Aplite traditionally has a somewhat 
lower price than feldspar. Industrial Miner- 
als (London), December 1985, gave a value 
of $25.75 per ton for glass grade, bulk, 100% 
plus 200 mesh, f.o.b. Montpelier, VA. 


! Physical scientist, Division of Industrial Minerals. 
Chemical & Engin eri News. Gulf Reeources To Sell 
Lithium Unit to FMC V No. 22, June 3, 1985, p. 10. 
Robbins, J. The Industrial Minerals of West Germany. 
nn Miner. (London), No. 219, Dec. 1985, p. 39. 
Mining Journal (London). Parana Feldspar for 
Gene 304, No. 7795, Jan. 11, 1985, p. 26. 
5Griffiths, J. Hellenic Industrial Minerals. Ind. Miner. 
(London), No. 208, Jan. 1985, p. 39. 
SE prd Minerals. Ind. Miner. (Lon- 
don), No. 217, Oct. 1985, p. 4 
"Industrial Minerals per mm United Ki 
trial Minerals Statistics. No. 211, Apr. 1985, p. 
. Falconbri Dominates Ne heline Syenite. 
e 214, July 1985, p. Ti g 
*Ash, D. R. Nepheline Syenite. Min. Eng., v. 87, No. 5 
Ma 1986, p. 477. 
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Ferroalloys 


By Raymond E. Brown! 


World demand for ferroalloys in 1985 was 
little changed from that of 1984. As a result, 
prices for most ferroalloys remained de- 
pressed. Brazil planned to triple its ferroal- 
loy production capacity despite world over- 
capacity and oversupply conditions. The 
expansion in Brazil is being offset to some 
extent by reductions in the United States 
and Japan. The European Economic Com- 
munity's (EEC) Executive Commission vot- 
ed against allowing the official formation of 
Euromang, a cartel consisting of EEC ferro- 
manganese producers. The EEC also in- 
creased tariff quotas on certain duty-free 
ferroalloy imports and approved a plan to 
support research on ways to make its min- 
ing and materials industries more competi- 
tive. Although France, the United King- 
dom, and the United States reduced or 
planned to reduce the size of their stock- 
piles, Japan planned to increase its stock- 
pile, and the Republic of Korea planned to 
initiate a stockpiling program. The Govern- 
ment of Japan agreed to provide tax credits 
for expenditures by its ferrochromium pro- 
ducers for modernization or research and 
development. The Government of the Re- 
public of South Africa was considering with- 
holding exports of chromium in retaliation 
for tougher U.S. sanctions. The high value 
of the U.S. dollar relative to other curren- 
cies continued to make the United States an 
attractive market for exporters throughout 
the world. However, the administration 
took steps to weaken the U.S. dollar. 

Domestic Data Coverage.—Domestic pro- 
duction data for ferroalloys are developed 
by the Bureau of Mines by means of month- 
ly and annual voluntary domestic surveys. 
Typical of these surveys are the three sepa- 
rate monthly surveys for chromium alloys 
and metal, manganese alloys and metal, 
and silicon alloys and metal, and the annual 
survey for ferroalloys. Of the 51 operations 
to which a survey was sent, 44 responded, 


representing an estimated 90% of the total 
production and/or shipments shown in ta- 
ble 2. Production and shipments for the 
remaining seven nonrespondents were esti- 
mated using reported prior year production 
and shipment levels adjusted by trends in 
employment and other guidelines. 

Legislation and Government Pro- 
grams.—There were a number of signifi- 
cant Government actions that impacted the 
ferroalloys industry in 1985. For the third 
consecutive year, to begin in 1986, the 
General Services Administration awarded 
contracts to Macalloy Inc., Charleston, SC, 
and Elkem Metals Co., Pittsburgh, PA, for 
upgrading chromium ore and manganese 
ore, respectively, in the National Defense 
Stockpile to the ferroalloy form. Macalloy’s 
contracts amounted to $22.7 million in 1984 
to convert 125,628 short tons of chromite 
ore into 50,254 tons of high-carbon ferro- 
chromium (HC Fer, $26.0 million in 1985 
to convert 141,601 tons of ore into 56,640 
tons of HC Fer, and $19.3 million in 1986 
to convert 92,184 tons of ore into 38,200 
tons of H-C FeCr. Elkem Metal's contracts 
amounted to $10.1 million in 1984 to con- 
vert 47,951 tons of manganese ore into 
24,332 tons of high-carbon ferromanganese 
(H-C FeMn), $19.3 million in 1985 to convert 
88,829 tons of ore into 46,620 tons of H-C 
FeMn, and $15.3 million in 1986 to convert 
58,557 tons of ore into 34,200 tons of H-C 
FeMn. The 10-year upgrading program was 
designed to reduce the quantity of ore 
needing conversion to ferroalloy form dur- 
ing a national emergency and to help main- 
tain an adequate level of U.S. ferroalloy 
furnace and processing capacity. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
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als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already posseased by the Govern- 
ment. According to the NSC guidelines for 
the chemical and metallurgical group, chro- 
mium would be categorized in tiers I and II, 
and the goals would be 199,300 tons and 
594,123 tons, respectively, of chromium 
metal equivalent. Manganese would be cate- 
gorized in tier II only, and the goal would be 
869,667 tons of manganese metal equiva- 
lent. The reader is referred to the respective 
commodity chapters for more details on 
chromium and manganese and for informa- 
tion on other elements such as vanadium 
that are contained in the National Defense 
Stockpile. At yearend, this proposal was 
under consideration by the U.S. Congress. 
The Department of Defense Authorization 
Act, 1986 (Public Law 99-145), signed by the 
President on November 8, 1985, stated that 
no action may be taken before October 1, 
1986, to implement or administer any re- 
duction in a stockpile goal in effect on 
October 1, 1984. 

Companion bills S. 262 and H.R. 976 
entitled "Fair Trade in Ferroalloys Act" 
were introduced in the U.S. Senate on 
January 24 and in the U.S. House of Repre- 
sentatives on February 6. The bills, design- 
ed to preserve the domestic ferroalloy in- 
dustry, would establish a tariff mechanism 
whereby certain ferroalloy imports entering 
the United States below an established fair 
market price would be automatically assess- 
ed a tariff. By yearend, the bills still were 
under consideration. On May 21, the U.S. 
Senate adopted an amendment (No. 168) to 
the U.S. Department of Defense (DOD) fis- 
cal year 1986 authorization bill (S. 1160) 
that requires DOD to conduct a study to 
determine what impact the loss of all do- 
mestic ferroalloy production capacity would 
have on the U.S. industrial base and mili- 
tary preparedness. 

Economic sanctions were proposed by 
members of the U.S. Congress against the 
Republic of South Africa in 1985 to protest 
that country's apartheid policy. Some of the 
proposed bills would have a direct impact 
on a wide range of minerals for which the 
Republic of South Africa is a leading suppli- 
er to the United States. For instance, H.R. 
9977, introduced in the U.S. House of Repre- 
sentatives on February 6, would prohibit 
U.S. citizens from making or holding any 
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investments in the Republic of South Africa 
and would prohibit imports of materials 
such as ferrochromium, ferromanganese, 
and their respective ores from that country. 
H.R. 3481, introduced on October 2, would 
ban the importation of H-C FeCr from the 
Republic of South Africa into the customs 
territory of the United States. Although the 
bill would prohibit imports of South African 
H-C FeCr, it would not ban imports of 
chromite, the ore from which ferrochro- 
mium is smelted. The United States has no 
domestic reserves of chromite but has un- 
derutilized furnace processing capacity for 
conversion of ore to ferroalloy form. 

Bill S. 1538, “National Security Trade Act 
of 1985," was introduced in the U.S. Senate 
on July 31 to amend section 232 of the 1962 
Trade Expansion Act. The U.S. Trade Rep- 
resentative would have final responsibility 
for decisions on trade relief cases and set- 
ting time limits. On October 9, bill S. 1753 
was introduced in the U.S. Senate to amend 
title II of the Trade Act of 1974 to eliminate 
the discretion of the President to grant 
import relief and for other purposes. The 
Administration has outlined a group of six 
top administration officials that would mon- 
itor other countries' export barriers to U.S. 
goods and unfair subsidies of foreign goods 
that compete in the U.S. market. The Ad- 
ministration also announced an agreement 
by the United States with four other lead- 
ing industrial nations (France, the Federal 
Republic of Germany, Japan, and the Unit- 
ed Kingdom) on a joint action to weaken the 
U.S. dollar in an attempt to alow the protec- 
tionist pressures on Congress to curb im- 
ports and to promote U.S. exports. 

A "Buy America" clause in the Federal 
Government's procurement code, requiring 
that all purchases of chromium metal for 
stockpile purposes be made from the domes- 
tic industry, is under review by the office of 
the U.S. Trade Representative to determine 
if it can be instituted in the face of U.S. 
obligations under international Govern- 
ment procurement agreements. The Fed- 
eral Emergency Management Agency re- 
quested the clause in an effort to maintain 
the domestic industry for defense purposes. 
Elkem Metals is the sole domestic producer 
of the vacuum-grade electrolytic chromium 
metal required for the stockpile. A review of 
defense-related ferrochromium procure- 
ment policy, instituted in 1984, and action 
to enforce the policy was called for by a 
member of the Senate Armed Services 
Committee. 


FERROALLOYS 


The new National Critical Materials 
Council, consisting of three members nomi- 
nated by the President, was sworn in on 
November 8. The Council will coordinate 
Government policies toward the mining and 
mineral processing industries. 

Both the U.S. House of Representatives 
and the U.S. Senate passed Comprehensive 
Environmental Response, Compensation, 
and Liability Act (Superfund) reauthori- 
zation bills but, by yearend, were unable to 
reconcile their differences. The House ver- 
sion would provide $10 billion for the pro- 
gram, while the Senate’s measure would 
provide $7.5 billion. The legislative author- 
ity for taxes to pay for the cleanup of 
abandoned toxic chemical dumps expired on 
September 30, 1985. The Environmental 
Protection Agency (EPA) announced its in- 
tention to list chromium as a hazardous air 
pollutant for purposes of regulation under 
section 112 of the Clear Air Act. EPA is 
considering regulating some metal wastes 
that previously were excluded from regula- 
tion under the Resource Conservation and 
Recovery Act. Metal waste controls of this 
type are expected to impact domestic fer- 
roalloy producers, among others. 

The Congressional Research Service of 
the Library of Congress released a report 
that examines key changes in the structure 
of the U.S. ferroalloys industry since the 
early 1970's. The main focus is on the 
changing competitive posture of domestic 
producers of ferrochromium, ferroman- 
ganese, and ferrosilicon, the so-called ton- 
nage alloys.* The Bureau of Mines released 
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a report that reviews technological alterna- 
tives for the conservation of strategic and 
critical materials. The review focuses on the 
extent to which technologically and eco- 
nomically feasible programs in substitution, 
improved processing practices, recycling, 
and design can achieve conservation of 
chromium, manganese, and other critical 
and strategic materials, and thus reduce 
U.S. vulnerability to interruptions of sup- 
ply. In addition, supply-side options— 
domestic and foreign resources, ocean min- 
erals, and stockpiles—are identified.? 


Table 1.—Government inventory of 
ferroalloys, December 31, 1985 


(Thousand short tons) 
Non- 
Stock- 
Alloy pile pas Total 
Ferrochromium 
Hiugb-carbon. 1452 1 453 
Low-carbon ...-.--.- 300 19 819 
Ferrochromium-silicon — — ~~ 57 1 58 
Ferrocolumbium 
(contained columbium) — — 3 2 5 
Ferromanganese: 
High-carbon____..__- 3624 — 624 
Medium carbon 29 ne. 29 
Ferrotungsten 
(contained tungsten). _ — — — 4 6 1 
Silicomangan ese 24 Ee 24 


VThis figure includes the estimated 50,000 tons of high- 
carbon ferrochromium produced under the National 
fense Stockpile chromium ore conversion program in 1984, 
1555 not reflect the estimated 57,000 tons produced in 


his figure includes the estimated 24,000 tons of ga 
carbon ferromanganese produced under the National 
fense Stockpile manganese ore conversion program in 
1984, but does not reflect the estimated 47 tons 
produced in 1985. 


DOMESTIC PRODUCTION 


Domestic production and shipments of 
ferroalloys declined in 1985 because of weak 
demand by major consuming industries and 
continued competition from low-priced im- 
ports. Producers of the bulk ferroalloys of 
chromium, manganese, and silicon, and 
their respective metals operated their 
plants at about two-fifths of capacity, down 
slightly from that of 1984. The long-term 
trend continued toward greater reliance on 
imported ferroalloys, especially for ferro- 
chromium and ferromanganese. The num- 
ber of active domestic producers of ferroal- 
loys was again reduced. 

A. Johnson Metals Corp., Lionville, PA, 
began marketing electrolytic manganese 
metal produced in the Republic of South 


Africa by Manganese Metal Co. (Pty.) Ltd. 
(MMC). MMC was formed by the merger 
between Delta Manganese (Pty.) Ltd. (Del- 
tamang) and Electrolytic Metal Corp. Pty. 
Ltd. (Emcor). A. Johnson is the sole Europe- 
an sales agent for MMC and is one of 
MMC's three U.S. agents. Demolition of one 
of Bethlehem Steel Corp.’s old “L” blast 
furnaces in Johnstown, PA, in October rep- 
resents a potential loss of 240,000 tons of 
H-C FeMn capacity. The Johnstown blast 
furnace was the last of its kind dedicated to 
the production of H-C FeMn until it was 
idled in 1977 because of flood damage. An 
important aspect of emergency plans for 
ferroalloy production in a national crisis 
has been reactivation of old blast furnaces 
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for H-C FeMn production to free up sub- 
merged arc electric-furnace (SAEF) capacity 
for H-C FeCr production. Demolition of the 
Johnstown blast furnace eliminates the op- 
tion of freeing up 240,000 tons of H-C FeMn 
SAEF capacity to produce approximately 
140,000 tons of H-C FeCr. Cabot Corp. 
Boston, MA, announced a major restructur- 
ing program on October 16. The divestiture 
includes the sale of most of the company's 
metals businesses with the exception of its 
columbium and tantalum KBI Div. Bomar 
Resources Inc., New York, NY, was named 
the exclusive U.S. agent for Hellenic Fer- 
roalloys S.A. (HFA). 

Elkem A/S, Norway, increased to 100% 
its ownership of both Elkem Metals in the 
United States and Elkem Metals Canada 
Inc. in Canada. This completed the takeover 
begun in 1983 of bulk ferroalloy businesses 
in North America formerly owned by Union 
Carbide Corp. In August, hourly workers 
struck Elkem Metals' ferroalloy plant in 
Marietta, OH, for 1 month before an agree- 
ment was reached on a new contract. The 
Marietta plant produces high-purity chro- 
mium metal, manganese metal, manganese 
ferroalloys, and some vanadium products. A 
Government-funded retraining program in 
progress at Elkem Metals' Alloy, WV, plant 
was anticipated to give the ferroalloys pro- 
ducer an edge on foreign competition. Foote 
Mineral Co., Exton, PA, closed its Graham, 
WV, plant on December 31, putting nearly 
300 people out of work. The workers had 
given concessions to the company in 1983 to 
help keep the plant operating. The company 
attributed the decision to close the plant to 
competition from large volumes of imported 
ferroalloys and to the higher production 
costs at Graham compared with its other 
plants. Sale of its specialty foundry product 
lines including proprietary technology, 
trade names, and patents to SKW Alloys 
Inc., Niagara Falls, NY, was to be effective 
on January 3, 1986. As compensation, Foote 
will participate in the profits obtained by 
SKW Alloys in the manufacture and sales 
of the specialty product lines over the next 6 
years. Foote also was aiming to negotiate 
favorable labor and power contracts at its 
Keokuk, IA, plant by mid-1986. The compa- 
ny warned that failure to lower both labor 
and power costs would likely lead to closure 
of that plant. 

Globe Metallurgical Inc., a subsidiary of 
Moore McCormack Resources Inc., report- 
edly was considering ending ferrochromium 
production at its Beverly, OH, plant. M. A. 
Hanna Co. obtained a 5-year extension of its 
current offpeak power rate from the Bonne- 
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ville Power Administration for its Riddle, 
OR, ferronickel operation. Hanna also ob- 
tained a new 5-year labor contract. Subse- 
quently, the Riddle facility was shut down 
for about 6 months for capital improve- 
ments that included a wet-screening system 
to upgrade the ore. Exports to Europe and 
Japan could account for up to 40% of 
Hanna’s sales from its Riddle, OR, ferro- 
nickel plant. International Minerals & 
Chemical Corp., Northbrook, IL, completed 
an expansion that tripled production of 
high-purity quartz at its feldspar benefi- 
ciation complex in Spruce Pine, NC. 

In February 1985, Ohio Ferro-Alloys 
Corp., Dayton, OH, closed its Powhatan 
Point silicon metal plant for the balance of 
the year. The company subsequently con- 
centrated all of its silicon metal production 
at its Montgomery, AL, facility. The compa- 
ny’s third plant in Philo, OH, which pro- 
duced ferrosilicon, was shut down in Sep- 
tember 1984. Ohio Ferro-Alloys also obtain- 
ed a 5-year agreement to sell silicon metal 
from its Montgomery, AL, plant to General 
Electric Co.’s (GE) Silicones Product Div. 
and concluded a $3 million loan agreement 
with GE’s Credit Corp. 

Satra Concentrates Inc. was processing 
ferrochrome slags at its Steubenville, OH, 
plant. The company bought the slags and 
the equipment for treating them from Sa- 
tralloy Inc., Steubenville, OH, a division of 
Satra Corp., New York, NY. Satralloy has 
not operated its six ferrochrome furnaces 
since November 1982. The furnaces had a 
combined annual capacity of 96,000 tons 
consisting of 36,000 tons of charge chrome, 
36,000 tons of low-carbon ferrochromium, 
and 24,000 tons of ferrochromium-silicon. 
Satra Concentrates’ water concentrator re- 
covers about 80% of the charge chrome 
(60% to 65% chromium) from its first slag 
pile that originally contained about 5% 
charge chrome. Its magnetic reclamation 
system gets back approximately 70% of the 
low-carbon ferrochromium from its second 
slag pile that originally contained about 3% 
low-carbon ferrochromium (67% to 75% 
chromium). Satra Concentrates expects to 
be active over the next 5 years processing 
an estimated 175,000 tons of charge chrome 
slags and about 1 million tons of low-carbon 
ferrochromium slags. This is equivalent to 
an annual recovery from the slag piles of 
1,400 tons of charge chrome and 4,000 tons 
of low-carbon ferrochromium. 

SKW Alloys announced that it would 
cease production, but not marketing, of 
manganese ferroalloys at its Calvert City, 
KY, plant after current ore stocks are 
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consumed. Trans World Metals Inc., New 
York, NY, was phasing out its ferroalloys 
trading business only about 1 year after it 
created a new division from the former 
ferroalloy division of Clarendon Ltd. Re- 
portedly, the reason for withdrawing from 
the ferroalloys trading business was that 
the company considered itself an arbitrage 
trader and would need a whole new net- 
work to be an effective trader of ferroalloys. 

After 2 years of attempting to sell Umetco 
Minerals Corp.’s metals mining and proc- 
essing operations as an intact unit, Union 
Carbide, the parent company, announced 
that it will sell the operations piecemeal. 
The corporation agreed to sell the South 
African chromium assets of Umetco to Gen- 
eral Mining Union Corp. Ltd. (Gencor) of 
the Republic of South Africa, Union Car- 
bide’s joint venture partner in Tubatse 
Ferrochrome (Pty.) Ltd. Gencor agreed to 
buy Umetco’s 49% interest in Tubatse Fer- 
rochrome, as well as all of Union Carbide’s 
interests in Jagdlust Chrome Co. Pty. Ltd., 
Chrometco Minerals Pty. Ltd., and Chrome 
Corp. (South Africa) (Pty.) Ltd. With these 
purchases, Gencor would become a major 
force in the worldwide ferroalloys industry, 
rivaling Middleburg Steel & Alloys Hold- 
ings (Pty.) Ltd., Republic of South Africa, 
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as one of the world’s major ferrochrome 
producers. Employees of Umetco planned to 
acquire the company’s U.S. tungsten and 
vanadium assets, which consist of tungsten 
mines at Bishop, CA, and Tempiute, NV, a 
vanadium mill and mine at Hot Springs, 
AR, and the tungsten and vanadium proc- 
essing facilities at Niagara Falls, NY. They 
also planned to acquire the vanadium mine 
and mill at Brits in the Republic of South 
Africa. Union Carbide continued to negoti- 
ate with other organizations for the pur- 
chase of Umetco’s major tungsten mine in 
Brazil and its significant interest in a major 
tungsten mine in Portugal, as well as its 
chromium mines and smelter in Zimbabwe. 

Estimated ferrous scrap consumption by 
the domestic ferroalloys industry was 
310,000 tons in 1985, down from 340,000 
tons in 1984. 

The Ferroalloys Association reported that 
its member companies consumed 4.5 billion 
kilowatt hours (kWeh) of electricity in 1985, 
down from 5.3 billion kWeh in 1984. Addi- 
tionally, its member companies employed 
4,100 workers and reported losses, before 
taxes, amounting to $16 million in 1985, 
compared with 4,800 (revised) workers and a 
reported profit amounting to $1 million in 
1984. 


Table 2.—Ferroalloys' produced and shipped from furnaces in the United States 


1984 1985 
Net production Net shipments Net production Net shipments 
Alloy Alloy 

Gross element Gross Value Gross element Gross Value 

weight con- weight (thou- weight con- weight (thou- 

(short ^ tained (short andi (short tained (short saris) 

tons) (average tons) tons) (average tons) 
percent) percent) 

Ferromanganese* PE ER: 171,129 77 185,499 $106,282 153,550 77 156,582 $100,903 

Silicomanganese |... ( ( 3) 3) 66 (7) (7) 

Manganese metal (*) 100 (*) 0 (3) 100 Qa) 0 

Ferrosilicon* 490,370 55 498,067 259,407 441.673 53 104.733 190.392 

Silicon metal... 140,866 98 139,393 171,814 120.965 99 121.640 157,31 
Chromium alloys: 

Ferrochromium 95,400 62 120,772 102,101 109,563 62 108,472 97,723 

Other (*) =e 9 (*) (9) we 9? (*) 

33 95.400 62 120,772 102,101 109,563 62 108.472 97.723 

Ferrocolumbium ...... W 65 wW 9,809 W 65 W 8,843 

Ferrophosphorus _ _ _ _ __ 91,117 24 113,504 18,123 61,962 24 54,912 7,921 

Other? 2 2 _ _ 99,010 XX 96,683 92,959 89,469 XX 95,360 136,179 

Grand total“ 1,087,892 XX — 1,153,918 760,495 977,182 XX 941,698 699, 191 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


XX Not applicable. 


Does not include alloys consumed in the making of other ferroalloys. 
; "Includes uidere electrolytic low. and medium-carbon ferromanganese (massive manganese) and includes 


erromanganese. 
*[ncludes miscellaneous silicon alloys. 


Ineludes ferrochromium-silicon, chromium briquets, exothermic chromium additives, other miscellaneous chromium 


alloys, and chromium metal. 
“Included with ferrochromium. 


"Includes ferroaluminum, ferroboron and other complex boron additive alloys, ferromolybdenum, ferronickel, 
tanium, ferrotungsten, ferrovanadium, ferrozirconium, silvery iron, and other miscellaneous alloys. 
*Data may not add to totals shown because of independent rounding. 
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Table 3.—Producers of ferroalloys in the United States in 1985 
Producer Plant location Producta! Type of furnace 
FERROALLOYS 
(EXCEPT FERROPHOSPHORUS) 
Affiliated Metals and Minerala Ine New Castle, PA SC FeV ......- Metallothermic. 
Aluminum Co. of America, Northwest Addy, X Si, Si, Bi ectric. 
oys Inc. 
Ashland Chemical Coo Columbus, OH ..... FeB, FeCb, FeMo, FeTi, Electric and 
FeW, NiCb. metallothermic. 
AMAX Inc., Climax Molybdenum Co. Div Langeloth, PA Peho Metallothermic. 
Cabot Corp., Kar Div., Penn Rare Metal Div re, PA FCC ( Do. 
Dow Corning Cor 8 field, OR... B. Electric. 
Elkem A/S, EE Metals ko We W Cr, FeB, Fee, Fe Mn. Electric and 
Ashtabula OH ___ Fesi. Mn, Si, SiMn, electrolytic 
Marietta, OH -__- other.? 
Niagara Falls, NT , 
Foote Mineral Co., Ferroalloys Div... Cambridge, Oli FeSi, FeV, silvery Electric. 
Graham, m pig iron, 
Keokuk, IX 
Hanna Mining Co., The: 
Hanna Nickel Smelting S „ OR. Fe Ni, Feit... Do. 
Silicon Div `- --------------- Wenatchee, WM E ` fas cae ig Do. 
International Minerals & Chemical Corp., Bri rt, Au 7 Do. 
Industry Group. TAC Alloys Div. TN FeSi, other Do. 
Kerr-McGee Chemical Cord Hamil on Abar V Electrolytic. 
Macalloy Inc ` Charleston, S Fer... Electric. 
Metallurg Inc., Shieldalloy Cord Newfield, NN Cr, FeAl, FeB, PeCo, Metallothermic. 
FeTi, FeV, other. 
Moore McCormack Resources Inc., Globe Beverly, OH... . 
Metallurgical Inc. FeCr, Fesi, Si Electric. 
Ohio Ferro-Alloys Co Mc AT 
o Ferro-Alloys Cor on AE 
SE FeSi, Si -. ~~ Do. 
Powhatan Point, OH 
Pennzoil Co., Duval Cor Sahuarita, AZ... Fe Mo Metallothermic. 
Reactive Metals and Alloys Corp West Pittsburg, PA SA FeB, Fe Ti, other?“ Electric. , 
Reading Alloys In Robesonia, FA ` Feb ev Metallothermic. 
Reynolds Metals o Sheffield, Al. JJC ee lees Electric. 
SEDEMA S.A., Chemetals Cor Kingwood, W Fenn Fused-ealt 
SKW Alloys Inc ___-__._._-.------ Calvert City, K 
Niagara Falls, NY di is 
lagara - 
decays ing , Teledyne Wah Chang, Albany, OR Feo Metallothermic. 
Uses 4e Minerals Lë onec weno Marietta, OH ih 
FeV, FeW, other? Electric. 
Ni Falls, NY . 
Union Oil Co. of California, Molycorp Ine Washi ,PA -- Feb, FeMo ......- Electric and 
metallothermic. 
FERROPHOSPHORUS 
FMC Corp., Industrial Chemical Div Pocatello, Ib 
Monsanto Co., Monsanto Industrial Columbia, TNT 
Chemicals Co. Soda Spri ID __ 
Occidental Petroleum Corp., Hooker Chemi- Columbia, TN SES Feb... Electric. 
cal Co., Industrial Chemicals Group. 
Stauffer Chemica! Co., Mount Pleasant, TN 
Industrial Chemical Div. Silver Bow, M 


1Cr, chromium metal; FeAl, ferroaluminum; Feb, ferroboron; FeCb, ferrocolumbium; FeCr, ferrochromium; FeCrSi, 
hosphorus; FeSi, 


ferrochromium silicon; FeMn, ‘ferromanganese; FeMo, ferromolybdenum; FeNi, ferronickel; FeP, ferrop 
ferrosilicon; FeTi, ferrotitanium; FeV, ferrovanadium; FeW, ferrotungsten; FeZr, ferrozirconium; Mn, 


Si, silicon metal; SiMn, silicomanganese. 


manganese metal; 


"Includes specialty silicon alloys, zirconium alloys, and miscellaneous ferroalloys. 


CONSUMPTION AND USES 


Total domestic consumption of ferroalloys 
in 1985 was lower than that of 1984 owing to 
weaker demand by major consuming indus- 
tries. Consumption patterns for ferroalloys 
followed the production patterns of the steel 
and ferrous casting industries, its major 
end-use markets, which each experienced 
production cutbacks of slightly more than 


5%. However, overall consumption of sili- 
con metal increased moderately, mainly the 
result of stronger demand by the chemical 
industry, one of its two major marketa. 
Although the aluminum industry, the other 
major consumer of silicon metal, decreased 
production by 15%, this did not offset the 
gain in silicon metal consumption by the 
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chemical industry. 

Overall demand for bulk ferroalloys of 
chromium, manganese, and silicon and 
their respective metals was down by about 
one-tenth in 1985 compared with that of 
1984. Demand for chromium ferroalloys and 
metal declined by a larger percentage than 
that for manganese- or silicon-ferroalloys 
and metal. 

Market conditions for ferroalloys in the 
United States continued to be severely de- 
pressed, mainly the result of continuing 
weak demand by the U.S. steel industry, its 
major consumer. Most major domestic steel 
producers continued to operate at a loss for 
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the fourth consecutive year, and one major 
producer, Wheeling-Pittsburgh Steel Corp., 
was forced to file for bankruptcy. Along 
with the domestic ferroalloys industry, the 
U.S. steel industry continues to operate at 
reduced rates because of weak demand and 
competition from low-priced imports. 
Imports of bulk ferroalloys and their 
respective metals represented 59% of the 
domestic market in 1985, up from 55% in 
1984. H-C FeCr and H-C FeMn produced 
under the National Defense Stockpile up- 


grading program were included in U.S. 
demand calculations. 


Table 4.—U.S. consumption of ferroalloys as additives in 1985, by end use’ 
(Short tons of alloys unless otherwise specified) 


End use FeMn SiMn FeSi FeTi FeP FeB 

Steel: 
OM ee at a Sein A el NE E 860,788 16,348 970,235 483 8,747 850 
Stainless and heat-resisting - gg 314,026 8,228 261,286 2,104 14 16 
Other alloy e „ ͤ ͤ „„ 970,119 319,295 229,781 491 1,167 227 
VV KEE 876 * 1,683 (?*) wl e 
Unspocifiodddqdʒl! a -- 63 660 28,350 18 1 es 
777%ôö§öͤ—?⁵˙², ] m6] w. 446,007 99,526 191,835 8,096 9,929 §98 
Cast irons s 416,318 2,583 207,741 23 2,216 W 
excluding alioy stools anā superalloy g 576 e mim 387 75 22 

su ent. 

«d 5 8,820 2,669 21,882 2 Se 211 
Total consumption Wu 490,047 104,778 543,648 4,183 12,228 836 
Percent of 198040 102 91 95 77 81 


W Withheld to avoid disclosing company proprietary data; included with O TE aE tig c 


silicomanganese; FeSi, ferrosilicon 
ferroboron 


ferromanganese i including metal; 
5 silicon sorap silvery pig isas an innean a alloys; 1 Feb. ferrophosphorus; F Feb, 


g other boron 


Table 5.—U.S. consumption of ferroalloys as alloying elements in 1985, by end use’ 
(Short tons of contained elements unless otherwise specified) 


End use FeCr FeMo FeW FeV FeCb FeNi 

Steel: 
— eer SES e "R us 
Other allo :! 224.541 936 21 2827 1,028 1235 
Tool 2,416 209 184 522 o n 
Unspecified |... «k (9 zu - W 15 z= 
Toll oe. hier a ea ta 187,807 1,528 192 4,019 2311 17,082 
CCC ae mam eee woe eg 8,646 524 "ES 22 uie 856 
JJ%%%%õõõͥ chs 8,330 W W 16 602 W 
loys 3 alloy steels and superalloys) )) 2,238 149 W 807 11 888 
3 ĩ EE 4,840 74 5 19 a 167 
Total consumption |... LL LL LLL LL ccc Lll. 206,861 2,275 197 4,883 2,984 17,998 
Percent of 18804! 89 104 64 127 111 97 


*Included with “Steel: Unspecified.” 
Included with "Miscellaneous and unspecified.” 
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Table 6.—Stocks of ferroalloys held by producers and consumers 
in the United States at yearend 
(Short tons) 
Producer Consumer Total 
Gua’ Une. eue. Cees dem. “ee 
weight) weight) weight) weight) weight) weight) 
ese ferroalloys! )) 90 W 145,442 wW 176,248 119,342 
Silicon alloy“) 91,110 120,017 27,261 25,899 118,871 145,416 
Berrochromium? 19,414 20,881 26,902 32,166 45,716 52,558 
Ferrobor nnd 114 157 197 212 311 869 
Fe horus _______.-_____ - 141,212 ,988 1,720 1,495 142,932 61,883 
F Ul ͤ Ww Ww 548 667 548 667 
TOUR oo ieee re es 656 200, 201,470 59,939 196 880 
1984 1985 1984 1985 1984 1985 
(con- (con- (con- (con- (con- (con- 
element) element) element) element) element) element) 
88 i o4 2 A d 2 
F lybdenum®______________ 1 
Ferronie m JJ ENERO SEM z 1 ph Wie: v 1,980 
Ferrovanadium’________________ 946 CH 884 860 1,280 860 
Total: es ³˙»èĩ ͤ (0 aa 2,172 1,257 1,428 2,628 4,076 4,444 
N. Withheld to avoid disclosing company proprietary data. 
‘Includes T manganese 
Includes ferrosilicon, silicon alloys, and silicon metal. 
*Includes other chromium alloys and chromium metal. 
“Consumer totals include other boron 
Consumer totals include nickel columbium. 
Consumer um ; 
"Includes other vanadium-iron-carbon ferroalloys. 
PRICES 


Published prices for imported ferrochro- 
mium products showed a firming trend 
during the first three quarters of the year, 
mainly the result of steady demand by 
stainless stee] mills. However, an apparent 
oversupply of ferrochromium tended to 
push imported prices down in the fourth 
quarter by 1 to 3 cents per pound of contain- 
ed chromium. Continued demand by stain- 
leas steel mills and the possibility of dis- 
ruption of supplies from the Republic of 
South Africa, the major source of chromium 
materials, helped to prevent prices from 
falling further. With the exception of U.S. 
vacuum melted chromium metal pellets, 
which increased from $4.40 per pound to 
$4.62 per pound on October 11, posted prices 
for all other domestically produced chromi- 
um products in 1985 were unchanged or not 
listed. 


Posted prices for most other ee 
began to weaken by the beginning of the 
second quarter owing to declining demand 
by major consuming industries and stronger 
competition among producers. 

The average posted price of imported bulk 
ferroalloys increased for most chromium 


products in 1985 compared with that of 
1984. For example, by 4% to $0.46 per 
pound of chromium for charge chrome con- 
taining 60% to 65% chromium and by 1% 
to $0.87 per pound of chromium for low- 
carbon ferrochromium containing up to 
0.05% carbon. However, the average posted 
price for most major imported manganese 
and silicon bulk ferroalloy products declin- 
ed compared with that of 1984. For exam- 
ple, by 5% to $0.32 per pound of manganese 
for medium-carbon ferromanganese, by 
11% to $0.17 per pound for silicomanganese, 
by 10% to $0.87 per pound of silicon for 50% 
ferrosilicon, by 15% to $0.35 per pound of 
silicon for 75% ferrosilicon, and by 4% to 
$0.57 per pound of silicon for silicon metal 
containing up to 196 iron. Average listed 
prices for comparable domestically produc- 
ed bulk ferroalloys were significantly high- 
er than these seven imports by 18%, 9%, 
SC 89%, 22%, 32%, and 10%, respective- 
y. 

The average posted price of many special- 
ty ferroalloys that compete as microalloying 
additives in the production of high-strength, 
low-alloy steels was lowered in 1985. For 
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instance, the average posted price was low- 
ered slightly to $5.66 per pound of colum- 
bium for regular-grade ferrocolumbium, by 
11% to $5.78 per pound of vanadium for 
domestically produced ferrovanadium, and 
by 14% to $3.67 per pound of molybdenum 
for dealer exported ferromolybdenum. 
Published prices were lowered from a 
range of $48-$52 to $40-$42 per metric ton 
for chromium ore from the Republic of 
South Africa on May 9 and from a range of 
$1.44-$1.47 to $1.40-$1.45 per long ton unit 
(22.4 avoirdupois pounds) of manganese con- 
tent for manganese ore on March 21. In 
contrast, the posted price for chromium ore 
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much higher than those of imports, dis- 
counting by domestic producers was report- 
ed throughout the industry. Prices for se- 
lected domestically produced ferroalloys are 


shown in the following tabulation: 
1 
Alloy Yearend price 
1984 1985 
Charge chromium (66% to 70%) 80.54 $0.54 
Kate Kee 1.00 1.00 
um EON . j 
Standard 78% 555 — 350 
per long ton of alloy - à .00 
Ferromolybdenum, dealer export 3.55 3.26 
Ferronickel_ ________.-.--- 8.16 8.16 
ilicon, 50 „ AR A0 
GF ENEE AT 40 


imported from Turkey was raised from $110 Per contained, except as noted otherwise. If 
to $125 per metric ton on November 7. Kc d material Lib price for duras 
Although published prices for domestical- on June 28, 1984. 
ly produced ferroalloys were generally Source: Metals Week. 
FOREIGN TRADE 


The trade deficit for ferroalloys declined 
from $470 million in 1984 to $425 million in 
1985. However, a surplus of $6 million for 
ferroalloy metals in 1984 changed to a 
deficit of $40 million in 1985. 

Both quantity, on a gross weight basis, 
and value of exported ferroalloys and fer- 
roalloy metals declined in 1985, by 21% to 
106,000 tons and 18% to $135 million, re- 
spectively. The quantity and value of ex- 
ported ferroalloys and ferroalloy metals 
were 9% and 2896 of the quantity and value 
of imports in 1985, respectively, compared 
with 1196 and 26%, respectively, in 1984. 

Total imports for consumption of ferroal- 
loys and ferroalloy metals decreased 7% in 
quantity to 1.1 million tons and 596 in value 
to $600 million, compared with those of 
1984. Of the imported bulk ferroalloys, the 
quantity of chromium ferroalloys and man- 
ganese ferroalloys declined by 23% and 3%, 
respectively, while that of silicon ferroal- 
loys increased by 8%. Imports of chromium 
metal and manganese metal declined by 
15% and 36%, respectively. However, im- 
ports of silicon metal were up by 105%. 
Imports declined by 15% for ferronickel and 
by 1396 overall for all other ferroalloys. 
Ferroalloy and ferroalloy metal imports 
were equal to 72% of reported consumption 
in 1985, the same as in 1984. 

Imports of ferroalloys and ferroalloy met- 
als to the United States were supplied by 39 
countries. The geographic sources were Af- 
rica, 41%; Europe, 28%; Western Hemi- 
sphere, 24%; Middle East, 3%; Oceania, 4%; 
and Asia, 1%. The four principal suppliers 


were the Republic of South Africa, 37%; 
France, 11%; Brazil, 8%; and Canada, 7%. 
Combined imports of chromium ferroalloys 
from the Republic of South Africa and 
Zimbabwe were 73% of total chromium 
ferroalloys, the same as in 1984. Of the total 
chromium ferroalloys, the Republic of 
South Africa supplied 61%. Turkey was the 
third leading supplier of chromium ferroal- 
loys with 9% of the total. Major sources of 
imported manganese ferroalloys were the 
Republic of South Africa, 37%; France, 
22%; Mexico, 9%; Canada, 7%; and Brazil, 
6%. The principal sources of ferrosilicon 
imports were Brazil, 22%; Venezuela, 18%; 
Norway, 16%; Canada, 16%; and the 
U.S.S.R., 10%. The leading suppliers of 
ferronickel were the Dominican Republic, 
54%; New Caledonia, 39%; and Colombia, 
4%. The main suppliers of all other ferroal- 
loys were Brazil, 52%; the United Kingdom, 
12%; Australia, 10%; France, 9%; and Bel- 
gium, 5%. Major suppliers of ferroalloy 
metal imports were the United Kingdom, 
Japan, China, and France with 44%, 32%, 
11%, and 10%, respectively, of the chromi- 
um metal; the Republic of South Africa 
with 98% of the manganese metal followed 
by Belgium with less than 2% of the total; 
and Brazil, Canada, Portugal, France, and 
the Republic of South Africa with 26%, 
20%, 12%, 8%, and 8%, respectively, of the 
silicon metal. In 1984, the leading suppliers 
of silicon metal were Canada (83%), France 
(16%), Yugoslavia (13%), Brazil (11%), and 
the Republic of South Africa (8%). 
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Table 7.—U.S. exports of ferroalloys and ferroalloy metals 


1983 1984 1985 
Alloy Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) eands) tons) sands) 
Ferroalloys: 
Ferrocerium and alloy 41 $872 29 $304 28 $314 
Ferrochromium and ferrochromium- 
silicon, A A A A A il 4,247 4 5,888 10,542 10,262 1,688 
Ferromanganes ee 8,433 5,765 6,764 4 ,927 4,162 
Silicomanganese. __ ____._____ _ 6,426 1,746 S 3,089 196 
Férromolybdenum eg 85 826 1,567 63 698 
Ferrophosphorus `... 26,933 8,716 89,603 5,279 49,674 5,116 
errosilicon 2. LLL LLL cc 13,338 10,712 29,864 21,185 12,970 12,671 
errovanadium ____._________ _ 775 6,144 469 5,205 454 4,191 
Ferroalloys, nee 5.775 7,965 21,485 16,158 14,498 
Tetal ferroalloys! h)! 66,053 41,929 124,161 66,875 98,588 68,417 
Manginass 6,391 8,531 4,082 5,915 5,162 7.242 
Silicon 2,161 47.828 4.420 88.548 2.120 61.647 
Chromium nnn 238 2,555 259 8,627 222 2,964 
Total ferroalloy metals). 9,896 58,912 8,761 98,084 7,504 71,854 
Grand total 15,449 100,841 183,522 164,959 106,087 185,271 


Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 


Table 8.—U.S. imports for consumption of ferroalloys and 


ferroalloy metals 
1984 1985 
Alloy tere! Content Value M Content Value 
(short tons) (short tons) (thousands) (short tons) (short tons) (thousands) 
alloys: 
erromanganese containing 1% 
or less carboõn 5,020 4,431 $4,554 5,575 4.877 $5,098 
Ferromanganese containing more 
than 1% to 4% carbon 53,509 43,419 25,674 80,383 24,689 12,923 
Ferromanganese containing more 
than 4% carbon __._._.-_- 850,781 213,849 87,450 $90,916 257,178 86,368 
Ferrosilicon manganese... ___ 138,494 191,839 44,146 165,523 1109,719 51,423 
Spiegeleis en 220 wl 18 210 à 11 
Total manganese alloys? _ _ _ 548,023 413,039 162,496 582,667 $96,463 155,922 
8% to 80% silicon 46 1 18 345 43 4 
8096 to 60% silicon, over 2% 
ium e oucuc 10,912 5,030 1,252 1,586 8,484 4,981 
90% to 60% silicon, n.e.c _.___ 607 15,668 12,879 41,887 20,788 14,590 
60% to 80% silicon, over 3% 
ee 6,798 4,300 6 8,554 5,340 1,714 
60% to 80% silicon, nee 98,125 10,005 45,829 96,154 
80% to 90% gilico- 1,063 923 6 815 1754 460 
Over 90% silicon ~- ---.----— 100 94 16 20 19 11 
Total ferrosilicon `. `... 143,651 96,027 12,874 165,421 102,656 74,019 
Chromium alloys: 
um containing 396 or 
more cardon 400,676 225,488 160,054 804,829 171,587 181,570 
errochromium containing less 
than 3% carbon 25,182 17,286 23,391 26,236 17,525 24,976 
Ferrosilicon-chromium ...... 7,942 8,032 8.788 3,940 1,493 2,085 
Total chromium alloys .... __ 433,750 245,756 187,187 335,005 190,605 158,631 
Ferronickel |... .....-....- 43,048 15,847 68,429 86,529 12,742 60,253 
Other ferroalloys: 
Ferrocerium and other cerium 
alloy 152 ® 1,651 125 ® 1,302 
Ferromolybdenum 1,043 T12 4,488 712 478 3,721 
Ferrotitanium and ferrosilicon- 
titanium 579 (9 861 488 (*) 982 
Ferrotungsten and ferrosilicon- 
lees d eas ie 893 815 8,420 190 108 951 


See footnotes at end of table. 
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Table 8.—U.S. imports for consumption of ee and 
ferroalloy metals ntinued 
1984 1985 
Alloy ed Content Value bo Content Value 
short tora) (short tons) (thousands) Siwe tona) (short tons) (thousands) 
Other ferroalloys —Continued 
Ferrovanadium _________-- 1,450 1,170 $11,839 966 778 $7,757 
Ferrozirconium |. 2... 159 2 932 629 OH 729 
Ferroalloys, n. e. c.“). 3,949 d) 22,816 4,197 (?) 24,179 
Total other ferroalloys? |... 8,325 XX 46,017 7,241 XX 39,620 
Total ferroalloys? |... 1,176,797 XX 7537,004 1,066,863 XX 488,445 
Metals: 
Mangan eee 13.314 2 12.978 8.570 à) 9,054 
Silicon (96% to 99% silicon - 6,753 7,113 9,354 9,684 
Silicon (99% to 99.7% silicon) 17,588 17,408 19,361 41,563 41,128 42,954 
Silicon (over 99.7% silicon? 880 28,907 885 (3) 30,729 
Chromium nnn 4,677 (3) 24,073 3,954 (?) 19,615 
Total ferroalloy metals? _ _ 143.211 XX 192,433 64,326 XX 112,036 
Grand total 71, 220,009 XX 1629, 436 1.131.189 XX 600,481 
"Revised. XX Not applicable. 
1Manganeee content only. 
*Not recorded. 


*Data may not add to totals shown because of independent rounding. 


*Principally ferrocolumbium. 
This category not previously included. 


Source: Bureau of the Census. 


WORLD REVIEW 


World demand for ferroalloys rose slight- 
ly compared with that of 1984. Overcapacity 
and oversupply has plagued the world fer- 
roalloy industry in recent years, a situation 
that is expected to continue for the fore- 
seeable future. Some of the restructuring 
required to bring production in line with 
demand has already taken place in the 
United States and Japan. However, Brazil 
announced plans to triple its ferroalloy 
capacity by 1990, mainly for silicon metal 
and silicon alloys. Brazil's major cost advan- 
tage is its large hydroelectric energy re- 
serves. Reacting to Brazilian competition, 
the Norwegian industry underwent a reor- 
ganization that reduced the number of ac- 
tive producer groups from four to two. 
Efforts were being made to reduce costs and 
ensure a substantial share of the world 
market. 

The EEC expanded its membership from 
10 to 12 countries by incorporating Spain 
and Portugal. EEC membership for the two 
countries was to take effect on January 1, 
1986. The EEC's Executive Commission 
announced in June 1985 that it had decided 
against allowing the official formation of 
Euromang, a cartel made up of EEC ferro- 
manganese producers. Euromang failed to 


submit a plan to permanently reduce ferro- 
manganese capacity by 30%, a requirement 
for EEC approval. At midyear, the Commis- 
sion issued General Objectives Steel 1990,” 
a working document that projected declines 
in manganese consumption in both iron- 
making and steelmaking. The EEC doubled 
quotas for duty-free imports of ferrochro- 
mium into member countries in 1985. The 
EEC also set quotas for this material for 
1986. EEC ferrosilicon producers met with 
Commission officials to discuss the low level 
of prices set in 1983 for ferrosilicon deliver- 
ed to the EEC border. As a result, the 
Commission began to monitor the ferrosili- 
con market and asked producers from coun- 
tries accused of dumping in 1983 to provide 
details of all transactions in the Common 
Market since April 1985. A decision to 
implement a price increase was to be made 
after comments from non-EEC producing 
countries were received. Resistance to an 
EEC price increase could lead to Communi- 
ty antidumping legislation. The EEC Coun- 
cil of Ministers agreed to maintain the duty- 
free quota for imports of ferrosilicon for 
1986 at about 14,000 tons, of which the 
Federal Republic of Germany would be the 
chief beneficiary. A plan to support re- 
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search on ways to make its mining and 
materials industries more competitive was 
approved by the EEC's Commission. 

France, the United Kingdom, and the 
United States reduced, or planned to re- 
duce, the amount of material held in their 
respective stockpiles. However, Japan 
planned to increase the amount of material 
held in its stockpile, while the Republic of 
Korea announced plans to initiate a stock- 
piling program. 

It was reported in Metal Bulletin that the 
Republic of South Africa’s Government was 
considering withholding exports of chromi- 
um in retaliation for tougher U.S. sanc- 
tions. Greece planned to enter the North 
American ferrochromium market. The Gov- 
ernment of Norway announced it will re- 
quire licenses for companies to import goods 
such as manganese ore from the Republic of 
South Africa. 

Despite initial improvements in their bal- 
ance of payments, the main debtor coun- 
tries have failed so far to secure a viable 
long-term economic future. 

Albania.—Albania is the world’s third- 
ranked producer of chromite. Albanian 
chromite ore is massive, hard, and of good 
quality. The average chromium oxide con- 
tent is 48%, and the ratio of chromium to 
iron is 3 to 1. Albania reportedly signed a 
trade agreement with Czechoslovakia in 
late 1985. Albanian exports will include 
chrome and nickel ore in return for Czech- 
oslovak steel products, vehicles, and ma- 
chinery. In midyear, Albania raised the 
possibility of sending some of its large 
nickeliferous iron ore reserve deposits to 
the Province of Kosovo in Yugoslavia for 
ferronickel smelting. However, political 
considerations may preclude such an 
arrangement.‘ 

Australia.—French metals producer Pe- 
chiney and the Australian group Pioneer 
Concrete Ltd. agreed to form a joint venture 
to construct a silicon metal plant near 
Hobart, Tasmania. The joint venture in- 
tends initially to build a single 18.5-mega- 
watt (MW) submerged arc furnace, which 
will produce about 13,000 tons per year of 
alloy or chemical-grade silicon metal, based 
on technology of Pechiney’s subsidiary Pe- 
chiney Electrométallurgie. The new facility, 
estimated to cost $34 million, will be 60% 
owned by Pioneer. 

Belgium.—Production facilities for man- 
ganese ferroalloys and chemicals were in- 
cluded when Société Générale de Belgique 
SA consolidated its main chemical subsid- 
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iaries into Gechem in the final months of 
the year. In the restructuring, Société Eu- 
ropéene des Dérivés du Manganése (Sede- 
ma) was absorbed from Société Carbochimi- 
que SA (CARBOCHIM) into Société d'Appli- 
cations de la Chimie, de l'Electricité et des 
Métaux SA (SADACEM). Principal owner- 
ship of SADACEM was divided between 
CARBOCHIM, 65%, and Gechem, 26%. Ge- 
chem owned 99% of CARBOCHIM. Placed 
within a Gechem. business sector were the 
SADACEM chemical plant at Tertre and 
Chemetals in the United States, both of 
which had been owned by Sedema, and the 
manganese ferroalloy plant of Belgische 
Vennootschap voor Mangaanproduktie SA 
(BELGOMANG) at Langerbrugge. Owner- 
ship of BELGOMANG was shared equally 
between SADACEM and a state-owned com- 


pany. 

SADACEM and Sedema, member compa- 
nies in Société Générale de Belgique, com- 
bined forces to buy Gulf Chemical & Metal- 
lurgical Corp.’s Freeport, TX, plant from 
the Lissauer Group. SADACEM, a ferroal- 
loy producer, and Sedema will operate the 
plant as equal partners. The facility will be 
used to recover molybdenum and vanadium 
from spent catalysts used in the petroleum 
refining industry.* 

Brazil.—Brazil announced plans to triple 
its output of ferrosilicon and silicon metal 
by 1990, from the current level of about 
190,000 tons to about 590,000 tons. Brazil 
has abundant supplies of raw materials, 
low-cost electric energy, and cheap labor, all 
of which would be expected to make Brazil a 
major supplier of silicon materials to the 
world market. 

Cia. de Ferro-Ligas da Bahia S.A. (FER- 
BASA) installed the first of three 13,000- 
ton-per-year furnaces at its new 75% ferro- 
silicon plant in Salvador. The plant will 
have a capacity of about 39,000 tons per 
year. The facility has a 10-year contract to 
export about 24,000 tons per year to Ma- 
rubeni Corp., Japan. Eletrometalur S.A. 
Indástria e Comércio and Ila og Lilleby 
Smelteverker A/S of Norway formed a joint 
venture to produce silicon metal in Brazil. 
Two 14,000-kilowatt furnaces will be built 
at Captain Eneas in Minas Gerais State. 
The plant is expected to produce about 
20,000 tons per year of high-quality silicon 
metal, all of which will be exported. Min- 
eracóes Brasileiras Reunidas S.A.’s (MBR) 
ferrosilicon project was approved by Consel- 
ho de Nao-Ferrosos e de Siderúrgia S.A. 
MBR planned to build two 15,000-kilovolt- 
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ampere (kVA) furnaces in the Pirapora 
industrial complex. The first unit was 
scheduled for completion in 1987. Eletro- 
vale, a joint venture 60% owned by Cia. 
Vale do Rio Doce (CVRD) and Eletrometal- 
ur, and 20% each by Mitsubishi Corp. and 
Kawasaki Steel Corp., began construction of 
its 27,000-ton-per-year ferrosilicon plant at 
Nova Era in Minas Gerais State. The plant 
was scheduled to go on-stream in late 1986. 

Italmagnésio S.A. Indústria e Comércio 
planned to begin silicon metal production 
by March 1986 by converting its new 24- 
megavolt-ampere (MV*A) submerged arc 
ferrosilicon furnace to silicon metal produc- 
tion. The new furnace was scheduled to be 
put on-line in January 1986. Furnace out- 
put was expected to be 1,100 tons of silicon 
metal per month. Italmagnésio also planned 
to build a 19-MV*A furnace for silicon 
metal production. The furnace was expected 
to be completed by June 1986. Cia. Brasi- 
leira Carbueto de Calcio S.A. (CBCC) con- 
verted an old 30-MV*A ferrosilicon furnace 
to silicon metal production. CBCC also 
brought a new 30-MV*A furnace on-stream 
about midyear for ferrosilicon production. 
The new unit's production capacity was 
rated at about 20,000 tons per year. Ferro- 
Ligas Assofun S.A. began installation of an 
electric furnace for ferrosilicon production 
at its ferroalloy facility in Sáo Joas da Boa 
Vista, which would double its capacity to 
about 15,000 tons per year. The company 
began negotiations with Nippon Kokan 
K.K. and Mitsui Co. Ltd. in an effort to 
establish a joint venture to raise part of the 
financing needed for construction. 

Alcan Alumínio do Brasil S.A. sold its 
ferroalloys division to Cia. Paulista de 
Ferro-Ligas. Alcan's properties included 
two single-furnace facilities with a total 
capacity of about 19,000 tons per year of 
75% ferrosilicon. Alcan produces silicoman- 
ganese at a third plant. All of the plants are 
in Minas Gerais. Brazil’s Interior Minister 
approved new investment in the Inocu- 
lantes e Ferro-Ligas Nipo Brasileiros S.A. 
(INONIBRAS) ferrosilicon project. INONI- 
BRAS planned to increase capacity to 
29,000 tons per year from 7,000 tons. Osaka 
Special Alloy Ltd., Japan, holds a 30% 
share in the company, whose smelter is in 
Mato Grosso State. Cia. de Ferro-Ligas Mi- 
nas Gerais S.A. put a 15-MV*A furnace on- 
line in August, increasing its ferrosilicon 
capacity from 26,000 tons per year to 40,000 
tons of the 75% silicon alloy. 

Metalman Indüstria e Comércio Manga- 
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nese Electrolitico, a subeidiary of Metalur 
Administração Participações Ltda., planned 
to install a $40 million plant at Rosario near 
São Paulo. The plant will produce electro- 
lytic manganese metal and electrolytic 
manganese dioxide, among others. CVRD 
will provide the 80,000 tons per year of 
manganese ore required for the calcination 
and reduction process from its mineral 
deposit in Carajás. The plant’s first phase 
was scheduled for completion in late 1987. 

Both Paulista de Ferro-Ligas and Pro- 
metal-Produtos Metallúrgicos S.A. an- 
nounced plans to build plants to convert 
Carajás manganese ore to ferromanganese 
and silicomanganese. Each plant would 
have a rated capacity of about 40,000 tons 
per year and be situated in the region. 
Production was planned to start in the 1986- 
88 period. Pilot plant trials demonstrated 
the feasibility of producing standard ferro- 
manganese and silicomanganese with feed 
material from the Azul deposit using char- 
coal as a reductant. 

Urucum Mineração S.A., operator of Bra- 
zil’s largest manganese ore deposit, had 
projected 1985 ore production at 55,000 tons. 
The company may construct a ferroalloys 
plant near the mine. 

FERBASA announced that it expected to 
reach an installed capacity of about 165,000 
tons for all chrome alloys in 1985. The 
company exported nearly 50% of its major 
product, H-C FeCr, in 1984. 

Construction began in Brazil on a new 
$1.7 million plant capable of producing 
about 200 tons per year of ferrotungsten 
and about 200 tons per year of tungsten 
carbide powders. The plant was expected to 
be completed in early 1987 and will use 
scheelite ores mined at Currais Novos, Rio 
Grande do Norte. Plant ownership will be 
divided among Tenenge Tecnica Nacional 
de Engenharia S.A. with 60%, Tomaz Salus- 
tino, 35%, and the Rio Grande do Norte 
State Government, 5%. 

Cia. Brasileira de Metalürgia e Min- 
eracáo (CBMM) announced that it will be- 
gin producing columbium metal for export 
in 1987. CBMM planned to build an electron 
beam furnace at its ferrocolumbium plant 
in Araxá. Plant production is expected to be 
about 100 tons per year of metal, which will 
go to the superconductor industry. CBMM 
already is the world's largest producer of 
ferrocolumbium and columbium oxide.* 

Canada.—In the first half of the year, 
Elkem Metals Canada came under full own- 
ership of Elkem of Norway. Elkem Metals 
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Canada owns plants at Beauharnois and 
Chicoutimi, Quebec. Products include sili- 
con metal, ferrosilicon and manganese fer- 
roalloys. 

Renzy Mines began construction of a new 
$4 million plant near Edmonton, Alberta, 
for recovery of vanadium pentoxide and 
other nonferrous oxides from fly ash by 
1986. The fly ash will come from tar sands 
that Suncoroil will provide under a profit- 
sharing agreement. Suncoroil’s Fort Mac- 
Murray oil sands refinery will supply up to 
about 34,000 tons per year of fly ash until 
stocks run out. Production of ferrovana- 
dium would likely be undertaken if market 
conditions were right.’ 

Chile.—A strike by unionized workers in 
May halted ferromolybdenum (FeMo) and 
molybdic oxide (MoO,) production for about 
2 weeks at Molíbdenos y Metales S.A.'s 
(Molymet) plant in San Bernardo. Molymet, 
a major world producer of molybdenum 
(Mo) products, has an annual capacity of 
about 5 million pounds of contained Mo as 
FeMo and 22 million pounds of contained 
Mo as MoO,. The company refused to take 
delivery of concentrates for conversion dur- 
ing the strike. 

China.—China, a net importer of many 
ferroalloys since 1982, resumed exports of a 
wide range of ferroalloys in 1985. Exports in 
considerable quantities of ferrochromium, 
ferromanganese, and ferrosilicon were re- 
sumed, with lesser quantities of ferromolyb- 
denum, ferrotitanium, ferrotungsten, ferro- 
vanadium, and silicomanganese. China also 
began to further develop its more than 1- 
million-ton-per-year ferroalloy production 
capacity to coordinate with the Boashan 
steel complex, which has recently come on- 
stream. 

China, which had already agreed to buy 
55,000 tons of chrome ore from Etibank, 
Turkey, purchased an additional 11,000 tons 
of Turkish ore from private sector interests. 

China also planned to expand domestic 
production of ferrosilicon by building a 
40,000-ton-per-year ferrosilicon plant in 
Gansu Province. The facility is due on- 
Stream in mid-1987. The China National 
Machinery and Equipment Import and Ex- 
port Corp. of Beijing contracted with Man- 
nesmann Demag Hüttentechnik AG of the 
Federal Republic of Germany for the engi- 
neering, planning, and supply of the plant. 
Two Demag 25-MV*AÀ submerged arc fur- 
naces will be supplied. À Chinese silicon 
metal producer redesigned two furnaces in 
the Jinshan plant in Jingzhou to meet the 
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growing demand for silicon metal. China's 
exports of silicon metal to Japan in 1985 
increased dramatically, compared with 
those of 1984.* 

Colombia.—Cerro Matoso S.A. restarted 
its ferronickel plant in December and was 
operating at 66% of capacity. The furnace 
had been shut down for repairs in January 
and in August. Continued heavy financial 
losses and repeated technical difficulties 
make the future of the project uncertain. 
Plant production of contained nickel was 
estimated at 25 million pounds. 

Dominican Republic.—Falconbridge Do- 
minicana C por A announced in October 
that it planned to shut down for a 5-week 
period beginning December 20. The shut- 
down will prevent excessive accumulation 
of the company’s stocks but may have come 
too late in the year to stop the price erosion 
in the market. Falconbridge had previously 
shut down for 1 week in August. 

Finland.—Outokumpu Oy started up its 
new ferrochromium plant at Tornio. The 
company’s expected production was about 
140,000 tons of charge chrome in 1985, and 
175,000 to 200,000 tons in 1986. Although 
Finland is a significant charge chrome pro- 
ducer, its production is very small compared 
with that of the Republic of South Africa. 
With respect to consumption by the Finnish 
stainless steel industry and assuming 90% 
recovery in the process, 140,000 tons of 
ferrochromium (52% chromium) would be 
approximately equivalent to 410,000 tons of 
stainless steel, based on a chromium con- 
tent of about 16%.“ 

France.—Pechiney ` Electrométallurgie 
and Bozel Electrométallurgie, part of the 
electrometallurgy department of Pechiney, 
have an installed power capacity of 420 
MW. Silicon metal and silicon alloys ac- 
count for about 50% of this capacity. The 
two companies are leading world producers 
of silicon for silicon applications. About 
4096 of the silicon metal produced goes to 
the light metal castings market. The two 
Pechiney subeidiaries also produce a wide 
range of ferrosilicon for the steel industry 
and the foundry sector. Standard-grade fer- 
rosilicon is made mainly in plants at Dun- 
kirk and Laudun. High-purity material is 
produced at the Bellegarde facility. Silicon 
metal is produced mainly at the Montri- 
cher, Anglefort, Les Clavaux, Rioupéroux, 
and Cháteau-Feuillet plants in France. In 
December, Pechiney announced that the 


Anglefort plant will be progressively target- 
ed to produce silicon metal. One of Angle- 
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fort’s ferrosilicon furnaces was being con- 
verted to silicon metal production and was 
expected to come on-stream early in 1986.1* 

Late in 1985, International Alloys & Met- 
als was formed by two Pechiney subsid- 
iaries, Pechiney World Trade and Pechiney 
Electrométallurgie, to market ferroalloys. 
Three key consumer markets for the compa- 
ny are the EEC countries, Japan, and the 
United States. 

The Government of France began selling 
various materials including charge ferro- 
chrome contained in its strategic stockpile. 

Greece.—HFA, a subsidiary of the state- 
controlled Helenic Industrial Mining & In- 
vestment Co., announced that it planned to 
double the capacity of its integrated ferro- 
chromium smelter to about 110,000 tons per 
year at its Tsingeli plant in central Greece 
by late 1986. The expansion of smelting 
capacity would be achieved by replacing the 
plant’s 20-MV*A furnace with a 36-MV*A 
unit. After the expansion of capacity has 
been completed, HFA plans to export be- 
tween 27,000 and 38,000 tons of ferrochro- 
mium to the United States and Canada, 
44,000 to 55,000 tons to Europe, and 22,000 
to 27,000 tons to Japan. Currently, almost 
all of HFA’s ferrochromium production is 
sold in the European market. Bomar Re- 
sources Inc. was named as the exclusive 
U.S. representative for HFA. 

In March, operations resumed at Larco 
S.A.’s Larymna ferronickel smelter in Beo- 
tia after a 2-week strike and a furnace 
explosion in February. The smelter also 
reportedly operated at about 50% of capaci- 
ty in 1984 and produced about 15,000 tons of 
contained nickel." 

Iceland.—Icelandic Alloys Ltd.’s produc- 
tion of ferrosilicon dropped below 1984 lev- 
els, owing to a 7-week shutdown of one of its 
35,000-kV*°A electric furnaces. The plant 
operated at full capacity in 1984. Financial 
restructuring of the company to roduce 
long-term debt has been completed. Icelan- 
dic Alloys also obtained long-term sales 
guarantees from Elkem, Norway, and Sumi- 
tomo Corp., Japan, which will provide more 
effective plant utilization in years of poor 
demand for ferrosilicon. Construction of the 
25,000-ton-per-year silicon metal plant at 
Reydarsjordur has been delayed until 1986. 

India.—Orissa Mining Corp. Ltd. (OMC) 
began production at its new 55,000-ton-per- 
year ferrochromium plant in Bamnipal, 
Keonjhar District, Orissa State. Power 
shortages delayed commissioning oper- 
ations. Initial output was expected to go to 
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Japan. The plant incorporates a number of 
technical innovations that were expected to 
reduce the cost of producing ferrochromium 
by 25%, compared with that of conventional 
plants. OMC also filed an official applica- 
tion for the construction of a second ferro- 
chromium plant in Orissa. However, the 
Indian Government linked the construction 
of a coal-fired powerplant as a condition for 
the construction of a second plant. OMC 
will be expected to finance the powerplant, 
thereby incurring a large debt burden on 
the second ferrochromium plant. Most of 
Orissa's power currently comes from hydro- 
electric plants that are susceptible to power 
cuts during the drought season. 

Indian Charge Chrome Ltd. (ICC), a sub- 
sidiary of Indian Metals and Ferro Alloys 
Ltd. (IMFA), signed a $100 million contract 
with a Swedish consortium to build a coal- 
fired powerplant to supply electrical power 
to ICC’s new 50,000-ton-per-year charge 
chrome plant at Choudar in Orissa and its 
45,000-ton-per-year plant at Therubali. Fer- 
roalloys producers have experienced severe 
electrical power shortages in Orissa owing 
to severe droughts that affected hydroelec- 
tric supplies. The new powerplant should 
permit the plants to operate at capacity. 
Output of both plants is for export. 

Ipicol and Aryan Mining and Trading 

rp. planned to build a 2,700-ton-per-year 
electrolytic manganese plant in Orissa 
State, pending approval by the Government 
of India. Technical assistance for building 
the plant will be supplied by Sumitomo 
Metal Industries Ltd. and Chuo Denko K.K. 
of Japan. 

Ispat Alloys Ltd. in Balasore, Orissa, was 
issued a letter of intent by the Government 
to produce about 2,700 tons per year of 
silicon metal. IMFA is the only current 
producer of silicon metal, with a capacity of 
about 5,500 tons per year. Ispat’s capacity is 
small compared with those of other units in 
the world, which are designed to produce 
about 8,000 to 26,000 tons of silicon metal 
per year. The metal is needed as an additive 
in aluminum alloys and as raw material in 
the semiconductor industry. 

Italy.—Industria Elettrica S.p.A. (Indel) 
began installation of additional silicon met- 
al capacity at its Ospitale di Cadore facility. 
A new 24-MV*A furnace is being added to 
the existing 10-MV*AÀ and 24-MV*A fur- 
naces. The expansion will raise Indel's ca- 
pacity to about 31,000 tons per year from a 
current level of about 19,000 tons. All of the 
new output is slated for export. Indel also 
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produces about 22,000 tons per year of 75% 
ferrosilicon at its Domodossola plant. The 
company is also studying the possible pro- 
duction of ferrochromium and other alloys. 
Elkem of Norway acquired a 20% share 
in Officine Elettrochimiche Trentine S.p.A. 
(OET), a ferroalloys producer in northern 
Italy. Elkem also undertook to market all of 
OET’s products outside Italy. OET makes 
various specialized, highly refined alloys 
such as magnesium ferrosilicon, high-purity 
ferrosilicon, and calcium silicon. The com- 
pany reportedly is Western Europe’s largest 
producer of ferrotitanium.'? 
Japan.—Japan’s Ministry of Internation- 
al Trade and Industry (MITT plans to offer 
domestic ferrochrome, ferronickel, and fer- 
rosilicon producers financial support in ex- 
change for scrapping or mothballing plant 
capacity by March 31, 1987. MITI promised 
producers who comply with the Law of 
Extraordinary Measures for Depressed In- 
dustries that they will be exempt from 
having to pay any or most of their fixed 
property taxes. Most ferrosilicon producers 
were expected to accept the offer by March 
31, 1985, while ferrochrome and ferronickel 
producers were expected to conform to the 
plan by March 31, 1986. MITI indicated 
these measures were necessary to offset 
major inroads by foreign ferroalloys produc- 
ers whose power costs are much below those 
of Japanese producers. Under the plan, 
domestic ferrochrome capacity would be cut 
10% from the current 573,000-ton-per-year 
operating level, while ferronickel operating 
capacity would be cut 12% from the present 
420,000-ton-per-year level. Ferrosilicon ca- 
pacity was expected to be reduced by about 
55,000 tons per year to 295,000 tons per 
year. Eight ferrochrome producers, five fer- 
rosilicon producers, and four ferronickel 
producers agreed to cut their plant capaci- 
ties in conformance with the Government’s 
recommendations. In March, MITT's Indus- 
trial Structure accepted proposals by the 
country’s ferrochromium and ferronickel 
producers for Government assistance. H-C 
FeCr production capacity would be cut by 
10% and ferronickel production capacity 
would be cut 12% over a period ending June 
30, 1988. However, the proposed restructur- 
ing will not affect ferrochromium supply 
unless active operating capacity is reduced. 
Japan's Metal Mining Agency received 
$17.6 million to increase the size of its 
national and semigovernmental ferroalloy 
Stockpiles by 2 days of consumption during 
the fiscal year that began March 1, 1985. 
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The stockpiles now jointly contain 16 days 
of consumption of ferrochrome, manganese, 
molybdenum, nickel, tungsten, and vana- 
dium. MITI also submitted a budget request 
to the Ministry of Finance in August to 
increase both stockpiles by an additional 2 
days of consumption. This expension, to 
begin March 31, 1986, would raise the stock- 
piles to 20 days of consumption. 

Japan planned to reduce duties on nine 
ferroalloys by April 1, 1986, according to 
MITI. Ferromolybdenum would be cut, on 
an ad valorem basis, by 20% to 3.92%; 
ferrocolumbium, ferrosilicon, ferrovana- 
dium, and silicomanganese by 20% to 396; 
ferrochromium by 10% to 7.2%; ferroman- 
ganese by 20% to 7.68%; and ferrotungsten 
by 20% to 4.9%. Later, the Japanese Fi- 
nance Ministry indicated that implemen- 
tation of the tariff roductions would be 
moved up to January 1 in an effort to calm 
U.S. sentiment against alleged unfair trade 
practices by Japan. 

Total production of ferroalloys decreased 
slightly compared with that of 1984. Ferro- 
chromium,  ferromanganese,  silicoman- 
ganese, and ferroeilicon production amount- 
ed to about 385,000 tons, 487,000 tons, 
239,000 tons, and 166,000 tons, respectively. 
Production of manganese ferroalloys over- 
all declined by about 996, that of ferrosili- 
con by about 2%, while ferrochromium 
increased by about 8%. 

At midyear, Mizushima Gokintetsu Ltd. 
began production of H-C FeMn in a shaft 
furnace situated within a steelmaking com- 
plex of parent company Kawasaki Steel. 
Demand for manganese ferroalloys contin- 
ued to be diminished through hot metal 
pretreatment practices by steelmakers, es- 
pecially at Nippon Steel Corp."* 

Korea, Republic of.—The Republic of 
Korea announced plans to begin stockpiling 
ferrochromium and molybdenum. This ac- 
tion was taken to ensure adequate supplies 
of raw meterials for the country’s stainless 
steel industry. The Korean Office of Supply 
expected the stockpile to hold about 1,300 
tons of ferrochromium and about 200 tons of 
molybdenum by yearend 1985.4 

New Caledonia.—Société Métallurgique 
le Nickel (SLN) planned to restructure its 
operations in New Caledonia into a sepa- 
rate wholly owned subsidiary. The subeid- 
iary will operate SLN’s New Caledonia 
Mines and the Doniambo smelter. It will 
also be responsible for ore exports. SLN's 
Thio and Kouaoua mining operations have 
been subjected to destructive attacks by 
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separatists with consequent interruption of 
ore deliveries to the Doniambo smelter. 
However, SLN arranged to buy ore from 
some of New Caledonia’s six independent 
mines in case of further disruptions to its 

own mining operations. SLN produces ferro- 
nickel, nickel concentrates, and nickel met- 
al The smelters expected production in 
1985 was about 50,000 tons of contained 
nickel. Toward yearend 1986, SLN lowered 
its projected output for the Doniambo smelt- 
er to about 48,000 tons of contained nick- 
el. 

Norway.—In December, Elkem announc- 
ed plans to buy Orkla Industrier A / S's 50% 
share in Orkla Metal A/S’s ferrosilicon 
plant in Thamshavn and its 51% share 
holding in Bjoelvefossen A/S. Elkem also 
began negotiating with a third Norwegian 
ferroalloy producer, Tinfos Jernverk A/S, 
with the aim to establish a close working 
agreement in the areas of technology and 
marketing. With this consolidation of the 
Norwegian ferrosilicon industry, Elkem 
would effectively control about 386,000 tons 
per year of Norwegian ferroalloy capacity 
and about 110,000 tons per year of U.S. 
production through its U.S. subsidiary Elk- 
em Metals. Additionally, Elkem holds a 
80% interest in and an exclusive marketing 
agreement with Icelandic Alloys. 

In October, Norway's Finance Minister 
proposed an increase in the electricity tax 
to be applied to all consumers at a uniform 
rate, from a current 0.87 to 0.39 cent per 
kWeh, effective in 1986. Norwegian ferrosil- 
icon producers had sought some reduction 
in the electricity tax because of the de- 
pressed state of the ferrosilicon market. 

Hafslund A/S began construction of an 
11 age Roos asi der metal powder plant at 

ferrosilicon facility. The 
Se scheduled to come on-line early in 
1986, will produce high-quality metal pow- 
ders by water atomization. Products will 
include fine-grained 15% ferrosilicon for 
heavy media separation of ores and scrap." 

Elkem became 100% owner of Elkem 
Metals, United States, and Elkem Metals 
Canada. Elkem also acquired a 20% share 
in OET of Italy, a ferroalloys producer. 
Additionally, Elkem undertook to market 
all of OET's products outside Italy. OET 
makes various specialized, highly refined 
alloys such as magnesium ferrosilicon, high- 
purity ferrosilicon, and calcium silicon, 
among others. Orkla Industrier acquired a 
51% interest in Bjoelvefossen, a ferrosilicon 
producer. Tinfos Jernverk planned to con- 
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vert its two 12,000-kVeA ferrosilicon fur- 
naces to silicon metal production, one by 
July 1985 and the other by February 1986. 

Loes of ferrosilicon production owing to 
furnace breakdowns was experienced by 
Finnfjord Smelteverk A/S, Orkla Metal, 
and Hafslund early in 1985. Loss of silicon 
metal production was reported by Elkem, 
owing to a furnace breakdown in October at 
its Fiskaa works. 

South Africa, Republic of.—The Republic 
of South Africa is the world’s largest pro- 
ducer and exporter of both chrome ore and 
ferrochrome. The country’s mines and 
smelters reportedly operated near capacity. 
The Republic of South Africa is also a major 
supplier of electrolytic manganese metal, 
ferromanganese, and manganese ore, 
among others. High inflation and rising 
energy costs were expected to cause prob- 
lems for ferroalloy producers in 1985. In 
April, the Government of Norway announc- 
ed that the country’s companies would re- 
quire licenses to import goods from the 
Republic of South Africa. Norwegian fer- 
roalloy producers expressed concern that 
this action might lead to a limit or ban on 
shipment of manganese ore from the Repub- 
lic of South Africa on which their produc- 
tion of ferromanganese and silicoman- 
ganese depends. 

Gencor took over operating responsibility 
for the 132,000-ton-per-year Tubatse charge 
chrome plant at Steelport from Union Car- 
bide on April 1. Gencor holds a 51% interest 
in Tubatse, and Union Carbide holds the 
remaining 49%. Union Carbide continued 
to market all of Tubatse's ferrochrome out- 
put. The Tubatse plant is among the five 
largest ferrochrome producers in the Re- 
public of South Africa. 

Emcor and Deltamang, the world's two 
largest producers of electrolytic manganese 
metal, merged their operations to form a 
new company, Manganese Metal Co. Pty. 
Ltd. (MMC). Emcor owns a 51% share of the 
new company. Emcor's plant is near Jo- 
hanneeburg, while Deltamang's facility is in 
the eastern Transvaal. Construction of a 
22,000-ton-per-year electrolytic manganese 
plant by Brazil's Eletrometalur was ex- 
pected to put extreme pressure on South 
African producers to maintain their market 
share. However, the Republic of South Afri- 
ca has an abundant supply of manganese 
raw materials from domestic sources, reli- 
able and competitive energy supplies, and a 
good labor supply, all of which makes it 
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likely that its manganese industry will 
remain a key supplier for some years. 

Silicon Smelters Ltd., a susidiary of South 
African Manganese Amcor Ltd., announced 
plans to expand their silicon metal produc- 
tion capacity by about 26,000 tons per year 
over a 4-year period. A fourth furnace at 
Silicon Smelters’ Witkop plant was schedul- 
ed to come on-line in 1987 with a fifth 
furnace to follow 2 years later. 

Spain.—Sociedad Española de Carburos 
Metálicos S.A. reportedly planned to invest 
about $19 million in the construction of a 
hydroelectric power installation at Santa 
Eugenia in Galicia. This action is part of an 
attempt by the company to improve power 
consumption efficiency. 

Ferroaleaciones Espafolas S.A. (FESA) 
requested the same power rate reduction 
from Spain's Ministry of Industry that was 
granted to five other domestic ferroalloys 
producers during the past 2 years. FESA 
also maintained that it was eligible for 
lower rates since the price of ferrochrome, 
the company's main product, was depreesed. 
FESA operates a plant at Medino del Cam- 
po, of which certain operations could be 
shut down without the lower power rate 
granted other ferroalloys producers. 

Sweden.—Uddevalla Kiselmetalverk AB, 
a joint venture formed by HB-Consult and 
Skanska Cement, planned to build a 33,000- 
ton-per-year silicon metal plant in Uddeval- 
la. The plant was scheduled to come on- 
stream in early 1988. The facility's overall 
production costs were expected to be low 
since waste heat from the furnaces will be 
purchased by the Uddevalla's district heat- 
ing system. 

Malmo Industrikombinat AB, also jointly 

owned by Skanska Cement and HB-Consult, 
planned to build a 55,000-ton-per-year ferro- 
silicon plant at Swede Harbour, Malmo. 
Construction was scheduled to begin in 
April 1986, with startup of the plant plan- 
ned for 1988. Power costs for the facility will 
be partially offset by the sale of waste heat 
from the furnaces to the Malmo municipal- 
ity.” 
Turkey.—Bilfer Madencilik AS reported- 
ly planned to reactivate several idled 
chrome ore mines. This action was in re- 
sponse to improved market conditions. The 
company’s production goal in 1985 was 
about 80,000 tons of salable metallurgical- 
grade chrome ore, about three times that 
produced in 1984. An estimated 28,000 tons 
of material had been sold by November to 
China, the Republic of South Africa, and 
the United States. 

Egemetal Madencilik A/S signed an 
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agreement with Bomar Resources, United 
States, and Etibank, the Turkish state min- 
ing agency for possible development of chro- 
mite ore reserves in the Orhanel region. 
Initial work on the project will be limited to 
data collection and research and develop- 
ment. The agreement calls for establish- 
ment of a new company owned 40% each by 
Etibank and Egemetal, and 20% by Bomar 
Resources, allowing the company to qualify 
for Government incentives granted to for- 
eign capital investment.*! 

U.S.8S.R.—CBMM, Brazil, announced in 
May that the U.S.S.R. purchased 220 tons 
of the company's high-purity columbium 
oxide, amounting to about one-third of 
CBMM's current annual production capaci- 
ty. The material was scheduled for delivery 
in 1985. The U.S.S.R. was also expected to 
buy about 600 tons of standard-grade ferro- 
columbium from CBMM. 

United Kingdom.—Brandeis Intsel Co. 
Ltd. completed the sale of about 25% of the 
United Kingdom's stockpile of strategic 
metals. The materials sold included about 
26,000 tons of H-C FeMn, 29,000 tons of 
manganese ore fines, 1,400 tons of battery- 
grade manganese ore, 105 tons of ferrovana- 
dium, and 100 tons of cobalt. Total market 
value of the materials sold was estimated at 
$18 million. The stockpile reportedly also 
contains ferrochromium, chromium ore, 
and vanadium pentoxide. The Government 
announced in November 1984 that it plan- 
ned to sell its stockpile, less than 2 years 
after it had started to build it. 

Venezuela.—C.V.G. Ferrosilicio de Ven- 
ezuela C.A. (FESILVEN) shipped about 
60,000 tons of ferrosilicon, compared with 
about 40,000 tons in 1984. Production in- 
creased to about 56,000 tons from 40,000 
tons for the same period, taking the compe- 
ny close to its current rated capacity of 
60,000 tons. The company planned to re- 
place imported coal from Colombia and coke 
from France and the United Kingdom with 
domestically produced material. FESIL- 
VEN also began drawing up plans to use 
locally available charcoal. 

Yugoslavia.—Feronikl's (FENI) ferro 
nickel complex in Kavadarci, Macedonia, 
was permanently closed in 1985, and buyers 
for the plant and equipment were being 
sought. The plant, which was idled in 1984, 
was completed in 1982. FENI had planned 
to export from 80% to 90% of its produc- 
tion. According to Government analysee, 
the plant could not operate economically for 
the next 10 to 15 years because of low-grade 
ores and low nickel prices. 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type! 
(Thousand short tons) 
Country, furnace type,” and alloy type? 1981 1982 1983 1984P 1985° 
Albania: Electric furnace, ferrochromium® : 81 83 89 44 47 
Electric furnace: 
EE 25 21 28 26 24 
Silicomanganese _ _ - --- --- --------- 14 17 15 15 18 
Ferrosilicſoãuaengun cll 11 19 17 22 15 
heet 2 5 ($) 4 5 
%;öĩ5¹dc “W. ee 152 67 60 67 62 
Australia: Electric furnace: 
Ferromanganese. -. .--------------- 74 60 59 8⁴ 776 
Silicomanganese — ._ - --------------- Tag 33 22 84 130 
Ferrogiläcon. mum 20 22 21 17 20 
eie ee os ee ous 127 116 101 135 126 
Austria: Electric furnace, undistributed |... 13 15 15 14 15 
Belgium: Electric furnace, ſerromanganes e 99 99 99 105 99 
Ferromanganese___________.__.-__- 119 7135 114 117 7149 
Silicomanganese___ _ --------------- 157 179 197 205 7199 
Ferrosilicon. | ---------------- -= 1162 1157 198 216 7248 
Silicon metal!!! 21 20 23 30 732 
Ferrochromium unn 131 107 85 188 7140 
ium-silicon A A 10 3 6 8 710 
Ferronickel |... 222-222 c- T3 T4 9 10 710 
Other Loc ee ae ee eats WI T16 14 23 796 
NEEN T621 1621 641 741 *814 
Bulgarie: Electric furnace: 
Ferromanganese® * 2... -- 87 87 733 T24 83 
Ferrosilicſon““?? k 22 22 WI 117 15 
%%G%VGyöF;;ö· Ee 1 1 1 1 1 
r 60 60 53 42 750 
Canada: Hectric furnace: 
Ferromanganese? = == --------—- 120 152 118 128 180 
Furrosilicoͤn n 128 116 94 *88 98 
Silicon metal - _ -— ----------------—- 31 *30 28 28 28 
Oe t LL ooo ³¹ 81 = m T MN 
Tota Po 25 eene EL e etat. 810 298 289 244 250 
Chile: Electric furnace: 
Ferromanganese - 3 6 b 5 
Silicomanganese |... „ ($) NA NA NA NA 
Ferrosilicon...... ----------------— 5 7 6 
Other 2 EE 1 2 2 2 2 
r 9 6 13 15 14 
China: Furnace type unspecified: 1 
Ferromanganesee"? `... A A A 540 540 540 
Ferrosilicon. 2 LLL Le 215 215 215 215 215 
Silicon metall!!! 24 24 24 24 24 
Ferrochromium!! !!!! 130 130 130 130 130 
DU Locum s clos ee edie 80 80 80 80 
Total . A casino K o Wl 1,029 970 T990 T990 990 
Colombia: Electric furnace, ferrosilicon? 111. 1 1 1 1 1 
Caechoslovakia: Electric furnace 
Ferromanganese® *. 110 1105 "103 T96 103 
Ferrosilicon!* ______ _______________ 85 "33 133 T3] 33 
Silicon metall 6 t5 15 14 5 
Ferrochromium* menen 90 128 128 126 28 
Ol o ee a eS 10 10 10 T9 10 
: Total® 1 wu og cd ee pu 191 T181 179 166 1177 
Dominican Republic: Electric furnace, ferronickel - 65 16 58 71 16 
EU eue furnace, ferrosilicon _____.___ 6 7 7 8 8 
: Electric ium 57 60 65 65 66 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type’ 


Country, furnace type,* and alloy type? 


Blast furnace: 


Germany, Federal Republic of: 
Blast furnace: ni 


18 


See footnotes at end of table. 


—Continued 
(Thousand short tons) 
1981 1982 1983 1984P 1985* 

" 1 1 1 1 1 
Z 844 865 297 362 864 
s 11 32 36 38 39 
S 208 186 212 226 226 
E 66 63 *62 255 55 
E 30 16 22 21 21 
» 131 115 118 131 132 
3 791 778 148 834 837 
z 74 69 69 "m 69 
- 28 26 26 126 25 
B 4 3 4 4 4 
E 22 22 19 T9] 21 
2 ?1 17 20 18 17 
E 149 138 141 140 137 
d 236 220 148 263 179 
Š 55 46 44 777 47 
a 21 21 19 28 84 
x 46 37 34 66 66 
8 65 46 42 77 79 
i 41 40 36 72 61 
8 461 411 823 683 478 
p HN m 20 36 39 
S 56 56 55 r58 61 
Ms 56 56 15 100 
7 12 *12 11 *10 10 
2 2 2 2 2 2 
E 3 eg 2 2 2 
" 17 17 15 14 

= 87 146 55 67 767 
8 227 1174 169 * 9194 180 
z 18 15 r èg r *35 1 
A 67 144 52 r 056 80 
8 4 94 % 3 
S 35 r46 Sep r6] 64 
E 5 r ep eg r 01 5 
E 10 15 re, r 1 
n 365 T304 296 295 284 
E 22 24 23 25 24 
a ae ae ae (28) x 
e (2) (19) OI €) be 
- "80 rg 69 56 61 
a 60 64 4l 80 55 
7 61 10 51 18 66 
o 17 17 15 15 15 
S u 40 13 14 18 
z 14 13 37 56 44 
- 242 286 232 300 255 
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Table 9.—Ferroalloys: World production, by county; furnace type, and alloy type’ 


ntinu 
(Thousand short tons) 
Country, furnace type,” and alloy type? 1981 1982 1983 1984P? 1985° 
Japan: Electric furnace 
Ee 626 593 429 585 1487 
Silicomanganese_____...__-._.----- 812 291 245 251 *239 
Ferrosilicon. ___.__________--_-__- 259 212 174 169 *166 
Silicon metal... 18 9 = ae mE 
Ferrochromiumͥm 337 362 835 857 7385 
Ferronickel. |... 2 LLL LLL 22-2 269 236 199 239 7250 
Ott! e er hh ee be a 4 7 5 1 4 
ff Ec 1,820 1,716 1,387 1,564 *1,581 
Korea, North: Furnace type unspecified:* !9 
Ferro ese’ LL e oe el SL 77 77 77 77 77 
P 33 33 33 33 33 
ee EE 22 22 22 22 22 
wTM 182 182 182 182 182 
Korea, blic of: Electric furnace: 
iere SE 76 66 58 65 
Ferrosilicon. ~~~... „ 35 35 36 89 89 
JJ UCET EES 30 37 48 55 61 
Totale: nh core 141 139 142 159 106 
Mexico: Electric furnace: 
Ferromanganese_____.__.__....-- 145 155 158 *176 7160 
ilicomangan ee 28 34 46 *47 7 
Ferrosilicon. nn 25 $2 26 25 731 
Ferrochromium ___________________ 8 7 8 8 7 
Gh %⅛VWAw ð d 2 (*) 1 2 0 
22 8 204 227 229 7250 
New Caledonia: Electric furnace, ferronickel _ _ 121 120 93 T 125 156 
Norway: Electric furnace: 
erromanganese____---------------- 257 224 312 252 1237 
p o 8 236 238 215 278 1267 
Ferrosilic an 846 326 401 452 *425 
Silicon metall!!! *6] 12 100 112 
Ferrochromium __________________- 13 1 11 re T e4 EL 
Ferrochromium-siliſoe-r -----------—- 1 wl F 0 r e(4) NS 
ROTE PORRO 8 5 5 7 4 8 
// ]˙ÜW.1:¹9AA¹¹di 0 gn 919 876 1.028 1.092 71, 045 
Peru: Electric furnace: 
Eerremanganege (9 T (9 (40 
Ferogilicon. — ------------------—— oe EM (*) (1€) ($) 
%%%%%ôõÜ˙— Lou NI za (*) (1e) (9 
Philippines: Electric furnace: 
F I ĩðͤ³A 25 80 22 21 
Ferrochromium `... 11 13 24 36 44 
TOME -2s uic SO E 86 48 46 56 65 
Poland: 
Blast furnace: 
—— & 4d x» 4 4 
erromanganese ________________ 
Electric furnace: 
Ferromanganee* eee T45 789 r53 "53 54 
Ferrosiliſon““ “n. 747 141 757 156 57 
Silicon metall 710 Tg 11 11 12 
Ferrochromium® ________________ 7145 799 759 : 54 
Ee 115 114 119 119 18 
„ se ee T283 1241 290 295 7281 
Portugal: Electric furnace 
Ferromanganese® s 72 90 97 83 82 
Silicomanganese® ? 20 18 18 17 15 
Ferrosiliconf nn 2 26 23 24 22 21 
Silicon metal? __-___ = ee 35 35 85 83 81 
REO Riel EN ($) (*) (9 (9 (*) 
fw! 153 106 115 105 99 


See footnotes at end of table. 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type’ 


—Continued 
(Thousand short tons) 
Country, furnace type,” and alloy type? 1981 1982 1983 1984P 1985* 
Romania: Electric furnace:® 
EM ee Er 36 39 42 45 3 
icomanga ness 
FerrosilitſoS:n 2222-22-22 22 l2- 46 50 53 57 55 
Silicon metaalallè222”nnn22222sns Le 4 4 4 5 5 
Ferrochromium `... 40 43 46 50 49 
Otel o ------------------—- 203 218 234 253 240 
South Africa, Republic of: Furnace type 
unspecified:? ! 
Ferromanganese. ____..._._.-..--_- 1500 1490 7160 7210 315 
Silicomangan es 150 "40 7160 210 315 
Ferrosilicon. nnn 7120 7100 7100 1120 90 
Silicon metall 730 Tan 125 135 40 
FerrochromiummmdUt! Ft 1830 1520 1800 1980 920 
Ferrochromium-ailicſoe- -- 120 Ton 1165 r35 30 
Ohe —.ẽ 1 1 1 1 (*) 
KN LEE 71,550 71,200 71,260 71,590 1710 
Spain: Electric furnace: 
Fertromangganege ——---------------- 106 96 *94 *94 95 
Silicomanganese - - - - -- ----- ------——- 77 78 77 wu 77 
Ferrosiliſo n 94 70 68 *66 61 
Silicon metals 20 20 19 T66 68 
Ferrochromium `... 19 17 *15 *15 19 
Other LL ne ge ee ae 1 6 *6 re 4 
Il ⁵ĩðͤ ĩ 323 286 279 321 331 
Sweden: Electric furnace: 
Fertroeilicon 21 16 21 r 22 22 
Silicon metal... 16 *18 *18 *18 18 
Ferrochromium ~--------------—-—-—- 161 129 132 9138 136 
Ferrochromium-siliſo/t 22-2 25 22 20 *22 22 
Other mo ³¹¹ ee So cr Les 1 1 1 1 1 
Total! 19... Oe ERE 223 185 192 200 199 
Switzerland: Electric furnace:* 
Ferrosilicſotttnnnn”ꝰ”Tmwmôwæçwçꝛ LL 8 3 2 8 3 
Silicon metal... 2 2 2 2 2 
Total -s ² uiii ĩð 8 5 5 4 5 5 
Taiwan: Electric furnace: 
Ferromanganese _ _ _ ..----------—-—- 21 21 24 22 20 
Ferrosilicomanganese. - -- ------------ 16 23 20 25 25 
Ferrosilicon. 22222222222 222-2 19 19 20 26 19 
Total. « i ð ᷣ ð x oA 8 56 63 65 73 64 
Thailand: Electric furnace: 
erromangan ese (*) is E E ME 
Ferrosilicon. 22222 2222222222222 (*) ae 29 ames et 
Total -..------------------—- 71 EA m NS m 
Turkey: Electric furnace: 
Ferrosilicon. __.____....-___--_-____ des 5 5 8 8 
Ferrochromiu ~~ ~~. ___- 45 44 33 53 53 
Total EE 45 49 38 61 61 
U.S.S.R.: 
Blast furnace: 
Spiegeleisen® __________________ 55 55 55 55 55 
Ferromanganese® _______________ 606 606 606 606 606 
Electric furnace: 
Ferromanganee* |... LLL c. 1474 1496 1551 7661 144 
Silicomangan ee 35 35 37 39 41 
Ferrosilicon® `... 717 750 794 827 827 
Silicon metal 70 70 70 70 66 
Ferrochromium® LLL ccs 441 451 457 463 463 
Ferrochromium- silicon 11 11 13 13 13 
Other: Loc 8 230 248 250 250 254 
Total `. 2i So der t2 636 12.725 2,834 2,984 3,069 


See footnotes at end of table. 
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Table 9.—F. World by country, furnace and allo 
erroalloys: production, y oos try type, y type 


(Thousand short tons) 
1981 1982 1988 1964” 1985° 
"— 93 67 91 83 88 
HM 14 12 14 14 13 
ae 107 79 106 97 101 
wae, 198 119 86 22171 39164 
EES 178 69 920 y) 
RED 580 299 814 4 442 
ERN 130 77 141 121 
nae 164 92 20 2495 94110 
HE 62 21 16 (e 
NS 219 186 198 190 151 
Eu 1,521 819 157 1,088 1977 
Mel wl (9 (ê) (9 wl 
2 2 2 2 2 
EG rg r9 10 10 8 
rag *59 51 49 46 
rg *56 63 61 58 
56 43 44 t 056 62 
82 22 29 t 042 42 
88 T8 86 r *106 108 
81 88 29 1 41 4 
16 56 70 r O74 14 
6 q 1 re 7 
1 4 12 1012 12 
291 248 277 835 1330 
2 2 2 2 
28 14 90 47 47 
1208 198 174 196 198 
S 238 215 201 245 248 
"UN 715,883 714,952 14,240 16,165 16,108 
HH an 1288 ^r i 
PAS 1,41 
55 46 44 T 47 
zi 11,812 11,400 1,839 1,550 1,431 
Ne 79.148 1g 983 2,819 8,001 8,166 
— E mo e 
Mi 646 587 687 
ae r T9 516 2,694 3,155 3,160 
PR 140 *96 80 89 
e 1526 1456 4m 528 en 
MD 16 23 20 25 25 
Desk T906 887 961 920 
Bae 21 27 29 28 28 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type’ 
—Continued 


(Thousand short tons) 
Country, furnace type,” and alloy type* 1981 1982 1983 1984? 1985* 
Total electric furnace?! 718,167 711,810 12,121 18,780 18,746 
Furnace type unspecified: 
Ferromanganese’®___________ 1,167 1,087 TT" 821 982 


“Estimated. Preliminary. Revised. NA Not available. W Withheld to avoid disclosing company proprietary 
data; included with “Other.” 
rige wig data ne through July 15, Pun € = uc 
o extent possible, ferroalloy production of each coun been separated according to furnace from 
which E duction is ORLA, prediction e E incieded Sith 


production. 

To the extent possible, ferroalloy production of each country has been separated so as to show individually the 
following major of ferroalloys: spiegeleisen, ferromanganese, ferrosilicon, silicon metal, ferrochro- 
mium, fe um- silicon, and ferronickel. Ferroalloys other than those that have been identified in 
sources, as as those oys not i i specifically but which definitely exclude those listed in 
footnote have ‘Other.” For countries for which one or more of the individual 
separately in this footnote have been le from soma oihar ferrostioya Owing 10 (ne nation M reporting II 
such deviations are indicated by individual Mage pur ord paleliubhaerg dh wiegt in 

and where no basis is available for estimation of individual component the entry has been reported 


sources, 
as “Undistributed.” 
“Lees than 1/2 unit. 
Data may not add to totals shown because of independent rounding. 
Pata for year ending Nov. 30 of that stated. 


*Includes silicomanganese. 

T onda dui e VV China, North and the Republic 
not i any or 

of South Afri ali output of these countries haa boan included undor "Electric furnace” (and ) output 


3*U S. output of ferrochromium-silicon includes chromium briquets, exothermic chromium additives, other miscella- 
neous ch um alloys, and chromium metal. 

33U S. output of ferrochromium-silicon for 1984 and 1985 included with “Ferrochromium.” 

Includes ferronickel. 

**Spiegeleisen for the Federal Republic of Germany is included with “Blast furnace ferromanganese.” 

Wd includes silicomanganese (if any was produced) for countries carrying footnote 8 on “Ferroman- 
ganese ne. 

Includes silicospiegeleisen for France. 

1 Ferrochromium includes ferrochromium-silicon (if any was produced) for countries carrying footnote 11 on 
“Ferrochromium” data line. 

Other includes ferronickel production for France, Norway, the U.S.S.R., and the United States. 
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Yugoslavian ferrosilicon producers plan- 
ned to implement production cutbacks late 
in the year because of power availability 
problems and for economic reasons. Yugo- 
metal, the state marketing entity, announc- 
ed in July that the new Kosovo ferronickel 
smelter was expected to export at least 
11,000 tons of contained nickel to Austria, 
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the Federal Republic of Germany, and Italy. 
Albania raised the possibility of sending 
some of its large nickeliferous iron ore 
deposits to the Kosovo Province for smelt- 
ing there. Albanian ore shipments would 
depend on Yugoslavia completing its part of 
the new rail link from Shkodra to Titograd. 


TECHNOLOGY 


A novel application of plasma technology 
to metallurgical processes was reported in 
France. It involves the production of H-C 
FeMn via the blast furnace route. Société 
du F ese de  Paris-Outreau 
(SFPO), believed to be the first company in 
the world to use plasma torches on a com- 
mercial-ecale blast furnace, began this prac- 
tice in the latter part of 1984. Modification 
to one of three existing blast furnaces at 
SFPO's Boulogne plant consisted of at- 
taching a 1.5-MW megawatt plasma torch to 
each of three of the nine tuyeres of the 
furnace to superheat the blast. Each blast 
furnace has an annual capacity of 150,000 
tons of ferromanganese. Coke consumption 
has been reduced up to 6% as a result of the 
installation. Since SFPO is a net producer 
of electricity and the price of electric power 
undergoes seasonal fluctuations, plasma us- 
age at the Boulogne plant tends to be 
emphasized during the summer months 
when income from the plant's surplus elec- 
tricity is at a minimum.” 

Middleburg Steel & Alloys continued test- 
ing its experimental plasma furnace for 
ferrochromium production at its Krugers- 
dorp plant in the Republic of South Africa. 
During initial trials, the 16- MV*A furnace 
was operated at a feed rate of about 4 tons 
per hour using a power input of 5 to 6 MW. 
Owing to downtime and interrupted oper- 
ations, energy consumption was excessive, 
about 7-MWh per ton, or about twice that 
of the conventional SAEF. Subsequently, a 
number of changes were made in the system 
to improve efficiency of operation. More 
recently, the furnace was operated at 11 
MW, which approaches maximum design 
capacity of 14 MW. The feed rate was 8 to 9 
tons per hour. According to plant operators, 
energy consumption has been improved con- 
siderably, approaching that of a convention- 
al furnace. Chromium recovery exceeds 
9096, greater than that achieved in conven- 
tional smelting.** 

The Bureau of Mines funded a research 
project on plasma smelting of Montana 


Stillwater chromite concentrates at the 
Mineral Resource Research Center of the 
University of Minnesota. A ferrochrome 
product was produced in the 200-kW fur- 
nace equipped with a hollow graphite elec- 
trode. The furnace is similar in design to 
Middleburg Steel & Alloys' 12- to 14-MW 
ASEA/MINTEK dc furnace developed at 
Krugersdorp. 

The Center for Metals Production (CMP), 
administered by the Mellon Institute of 
Carnegie-Mellon University, Pittsburgh, 
PA, continued research in such areas as 
plasma technology, among others. The CMP 
was established in 1984 with a 5-year con- 
tract that averages $2.5 million per year 
from the Electric Power Research Institute 
(EPRI). EPRI, headquartered in Palo Alto, 
CA, is a nonprofit research and develop- 
ment organization. Its goal is to bring to- 
gether electric utilities; energy intensive 
industries such as aluminum, ferroalloys, 
and steel; Government agencies; universi- 
ties; and trade associations to do the type of 
front-end, collaborative research that has 
proven successful in Japan and other na- 
tions. The overall goal of this research 
effort is to help revive and strengthen the 
North American metals industry. 

Japan’s MITI has launched a national 
research project to develop a new process 
for ferrochromium production using alter- 
nate energy sources. The objective is to 
achieve production costs comparable to the 
cost of importing ferrochromium from the 
Republic of South Africa. Ferrochromium is 
normally produced in a SAEF. Of the three 
major Japanese steelmaking companies 
that have independently developed a new 
ferrochromium production process, Nippon 
Steel’s appears to be the most promising. 
The process involves chromium ore smelt- 
ing in a Linz-Donawitz converter by injec- 
tion of powdered coal with oxygen and 
bottom blowing with argon to produce ferro- 
chromium for argon-oxygen decarburiza- 
tion conversion to stainless steel. The new 
process is expected to lower the cost of 
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ferrochromium production in Japan by 20% 
to 30%. 

Mizushima Gokintetsu also in Japan, and 
a subsidiary of Kawasaki Steel, reported 
preparations to start using a coke-fed shaft 
furnace to produce H-C FeMn by a process 
similar to that of the blast furnace. The 
shaft furnace, converted from a SAEF at a 
cost of nearly $12 million, has a capacity of 
about 100,000 tons per year and represents 
about one-fourth of Japan’s 1984 production 
of H-C FeMn. The shaft furnace is expected 
to lower costs below those of electric smelt- 
ing by taking advantage of the availability 
and relatively low prices of reducing gases 
and other gases produced within the steel- 
making complex where the shaft furnace is 
located. The shift from electric to shaft 
furnace smelting in Japan contrasts with 
the discontinuance of blast furnace smelt- 
ing of ferromanganese in the United States 
nearly 10 years ago. 

Another technological innovation in Ja- 
pan reportedly is making it possible for 
Steel mills to use manganese ore directly in 
the converter instead of ferromanganese. 
Information on the percentage breakdown 
of manganese ore and ferromanganese used 
in steelmaking in Japan is not known but 
some sources estimate that the share of ore 
will increase to 30% in the future. 

Researchers at the U.S. Department of 
Energy's Argonne National Laboratory in 
Argonne, IL, have developed a two-step 
process to extract manganese and other 
metals from low-grade ores. The key ele- 
ment in the process is a mixture of chloride 
salts of magnesium, potassium, and sodium 
that melts at about 400° C and dissolves 
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almost all of the manganese contained in 
the crushed ore. Unwanted materials re- 
main in the depleted ore. A low voltage is 
then applied across the liquid mixture, and 
dissolved manganese is recovered in ele- 
mental form as deposits on carbon elec- 
trodes. The Government is currently assess- 
ing the possibility of adapting the process to 
deep-sea mining of metal-rich nodules 
known to rest on the ocean floor.* 


1 Physical scientist, Division of Ferrous Metals. 
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Fluorspar 


By Lawrence Pelham 


Fluorspar was recovered by one major 
producer and three small producers. Domes- 
tic fluosilicic acid (H- Si F.) recovery, a by- 
product of some phosphoric acid and hydro- 
fluoric acid (HF) plants, increased 12% over 
revised 1984 production. In the chemical 
industry, fluosilicic acid continued to aug- 
ment fluorspar as a source of fluorine. 

The United States depended on foreign 
sources for over 9096 of its fluorspar re- 
quirements. Imports and consumption 
decreased because of significant decreases 
in fluorspar consumption by HF and iron 
and steel producers and a substantial de- 
crease in consumer stocks. 

Domestic Data Coverage.—Domestic pro- 
duction data for fluorspar are developed by 
the Bureau of Mines from four separate, 
voluntary surveys of U.S. operations. Sur- 
veys are conducted to obtain fluorspar mine 
production and shipments, fluosilicic acid 


production, fluorspar briquet production, 
and fluorspar consumption. Of the five 
fluorspar mining operations to which a 
survey request was sent, 100% responded, 
representing 10096 of the production shown 
in table 1. Of the 16 fluosilicic acid produc- 
ers, 87% responded, representing 99% of 
the quantity reported. Of the five briquet 
producers, 80% responded, representing 
78% of the quantity reported. The consump- 
tion survey was sent to approximately 140 
operations quarterly and 40 additional oper- 
ations annually. Of the operations surveyed 
quarterly, 55% responded for the first quar- 
ter, 74% responded for the second quarter; 
42% responded for the third quarter; and 
54% responded for the fourth quarter. Of 
the 40 operations surveyed annually, 50% 
responded. Together, quarterly and annual 
responses represented 100% of the apparent 
consumption data shown in table 1. 


Table 1.—Salient fluorspar statistics' 
1981 1982 1983 1984 1985 
United States: 
Production: 
Mine production short tona. . 415.862 199,714 W W W 
Material beneficiatd .. do- 419,058 231,726 W W W 
Material recovered _________ do- 111.281 76.316 W W W 
Finished (shipments) |... do... 115,404 77,017 *61,000 972.000 *66.000 
Value, f.o.b. mine thousands $18,412 $13,293 *$10,000 W 
Exports short tons 11.261 10,573 9.236 12.266 9,671 
Valet thousands 81.194 31.084 $962 $1,292 $1,063 
Imports for consumption short tona. . 826,783 543,723 453,314 703,711 552,959 
BIGOT ac c Se thousands. _ $104,938 $67,665 $47,032 $65,241 $49,639 
Consumption (reported) __ _ ___ short tons_ 932,855 530,565 564.1 152,581 561,623 
5 (apparent us 897,512 618,493 613,705 7742,431 682,965 
Stocks, . 3l: 
Domestic mines: 
Crule do 200.698 164.094 W W W 
Finished do 12.924 10,816 W W W 
Consumer... r! do ... 216,207 207,880 99.253 120,267 46,590 
World: Production do... 75,616,455 14,953,735 4,655,787 5,270,263 95,267,976 


*Estimated. Preliminary. 


"Revised. W Withheld to avoid disclosing company proprietary data. 


Does not include fluosilicic acid (H3SiFe) or imports of hydrofluoric acid (HF) and cryolite. 


. i f. U.S. port. 


JU S. primary and secondary production plus imports, minus exports, plus adjustments for Government and industry 


stock changes. 
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Legislation and Government Pro- 
grams.—At yearend, the National Defense 
Stockpile inventory was unchanged from 
1984 levels at 895,983 short tons of acid 
grade and 411,738 tons of metallurgical 
grade. The stockpile goals for fluorspar 
remained at 1.4 million tons for acid grade 
and 1.7 million tons for metallurgical grade. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
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would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. The status of fluorspar was deferred 
until further detailed studies could be 
made. At yearend, this proposal was under 
consideration by the Congress. The Depart- 
ment of Defense Authorization Act, 1986 
(Public Law 99-145), signed by the President 
on November 8, 1985, stated that no action 
may be taken before October 1, 1986, to 
implement or administer any reduction in a 
stockpile goal in effect on October 1, 1984. 

As in previous years, a 22% depletion 
allowance was granted against Federal in- 
come tax applied to the mining of domestic 
fluorspar compared with a 14% allowance 
for foreign production. 


DOMESTIC PRODUCTION 


Illinois remained the leading producing 
State, accounting for over 90% of all U.S. 
shipments. Data on shipments of fluorspar 
by State and grade were withheld to avoid 
disclosing company proprietary data. 

Ozark-Mahoning Co., the Nation’s largest 
fluorspar producer, operated three mines 
and a flotation plant in Pope and Hardin 
Counties, IL. Hastie Trucking and Min- 
ing Co. operated near Cave-In-Rock, IL. 
Hastie mined very little ore but shipped 
metallurgical-grade fluorspar from its 
stockpile to consumers. Inverness Mining 
Co., a former producer, dried imported 
fluorspar at its facilities at Cave-In-Rock, 
IL, and East Liverpool, OH, for sale primar- 
ily to consumers in the ceramic industry. 

In the West, J. Irving Crowell, Jr. and 
Son produced and shipped metallurgical- 
grade fluorspar from its Crowell-Daisy Mine 
in Nye County, NV. D&F Minerals Co. 
produced and shipped a small quantity of 
metallurgical-grade fluorspar from its Pai- 
sano Mines, south of Alpine, TX. The Spor 
Bros. Fluorine Mine in Millard County, UT, 
reported mining activity. 

Reported shipments of fluorspar briquets 
for use in steel furnaces increased 4795 to 
approximately 148,000 tons from a revised 
production of 101,000 tons in 1984. Fluor- 
spar briquets were produced by two plants 


owned by Cametco Inc., one plant owned by 
Mercier Corp., one plant owned by National 
Briquetting Co., and one plant owned by 
Oglebay Norton Co. Oglebay Norton also 
dried, packaged, and shipped imported 
ceramic- and acid-grade fluorspar. 

Fourteen plants processing phosphate 
rock for the production of phosphoric acid 
and two plants producing HF sold or used 
75,000 tons of byproduct fluosilicic acid, 
which was equivalent to 132,000 tons of 
fluorspar, valued at $4.2 million. Fluosilicic 
acid sold or used in 1984 was revised to 
67,000 tons. According to the U.S. Depart- 
ment of Commerce, domestic production of 
sodium silicofluoride (100% NasSiF.) was 
21,622 tons in 1984. Total shipments were 
19,594 tons in 1984 valued at $5,336,000. 
Sodium silicofluoride was made primarily 
from fluosilicic acid, which was converted to 
sodium salt by reaction with sodium carbon- 
ate, sodium hydroxide, or sodium chloride. 

In 1985, Moodie Minerals Exploration Co. 
invested capital into the Babb-Barnes Mine 
and mill at Salem, KY, and planned to 
resume production. The mine had been 
owned, but not operated, by the Marathon 
Oil Co. The mine was last operated by 
Frontier Resources Inc., which had closed 
the mine in 1978 for economic reasons. 
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CONSUMPTION AND USES 


Acid-grade fluorspar, containing greater 
than 97% calcium fluoride (Ca F), was used 
as feedstock in the manufacture of HF, the 
key ingredient in the manufacture of fluo- 
rine chemicals for the aluminum, fluoro- 
chemical, and uranium industries. Ceramic- 
grade fluorspar, containing 85% to 95% 
CaF;, was used in the ceramic industry for 
the production of glass and enamel, to make 
welding rods, and as a flux in making steel. 
Metallurgical-grade fluorspar, containing 
60% to 85% or more CaF:, was used primar- 
ily by the iron and steel industry as a flux. 

Reported domestic consumption of flu- 
orspar decreased 25% because of large de- 
creases in the use of fluorspar for HF and 
iron and steel production. The HF and steel 
industries accounted for 72% and 25%, 
respectively, of reported consumption. Ac- 
cording to the American Iron and Steel In- 
stitute (AISI, raw steel production decreas- 
ed from 92.53 million tons in 1984 to 87.35 
million tons in 1985. A comparison of the 
AISI data with fluorspar consumption data 
collected in the Bureau of Mines canvass of 
U.S. steel producers shows, on the average, 
a decreasing rate of fluorspar consumption 
per ton of raw steel produced during 1983- 
85; however, steel production in open- 
hearth furnaces showed an increasing rate 
of fluorspar consumption. On the basis of 
furnace type, the average fluorspar con- 
sumption per ton of raw steel was as fol- 
lows: 


Fluorspar consumption 


Type of furnace (pounds per short ton) 

1983 1984 1985 
Open heart 6.44 8.61 10.78 
Basic oxygen 4.19 3.99 2.68 
Me Seed 88 3.80 2.94 2.08 
Industry average 4.30 4.06 3.08 


In the ceramic industry, fluorspar was 
used as a flux and as an opacifier in the 
production of flint glass, white or opal glass, 
and enamels. Fluorspar was used in the 
manufacture of glass fibers, aluminum, ce- 
ment, and brick, and was also used in the 
melt shop by the foundry industry. 

Seven companies produced HF in seven 
plants. The U.S. Department of Commerce, 
Bureau of the Census, reported that anhy- 
drous, technical, and aqueous HF produced 
and withdrawn from the system" was ap- 
proximately 162,400 tons, compared with 
168,100 tons reported at yearend 1984 but 
later revised to 190,134 tons. HF produced 
and consumed in the same plant in 1984 
was reported as 48,348 tons. 


The Harshaw Filtrol Partnership closed 
its anhydrous HF unit at its Harvard- 
Denison chemical manufacturing facility in 
Cleveland, OH. The HF operation was in 
need of a large capital investment to main- 
tain a competitive and safe operating level, 
and the company felt that market condi- 
tions for the expenditure were unjustified. 

The consumption pattern of HF was re- 
ported as follows: fluorocarbons, 41%; alu- 
minum production, 31%; petroleum alkyl- 
ation, 4%; stainless steel production, 4%; 
uranium processing, 4%; rare metals, 4%; 
other, including glass etching, fluoride 
salts, and herbicides, 12%.? Chlorofluoro- 
carbons were produced by five companies. 
According to U.S. International Trade Com- 
mission data, production of trichlorofluoro- 
methane (F-11) decreased 12% to 81,300 
tons; dichlorodifluoromethane (F-12) output 
decreased 17% to 141,000 tons; and chloro- 
difluoromethane (F-22) production decreas- 
ed 1496 to 109,350 tons. 

Another major use of HF was in the 
synthesis of fluorine chemicals used in alu- 
minum reduction cells. An estimated 40 to 
60 pounds of fluorine was consumed for 
each ton of aluminum produced. Aluminum 
fluoride was used by aluminum producers 
to lower the melting point and increase the 
conductivity of electrolytes in the smelting 
process. It was also used as a flux ingredient 
for the removal of magnesium in the refin- 
ing of aluminum scrap. Aluminum fluoride 
was used by the ceramic industry for some 
body and glaze mixtures and in the produc- 
tion of specialty refractory products. It was 
used in the manufacture of aluminum sili- 
cates and in the glass industry as a filler. 

HF was consumed in concentrating urani- 
um isotope 235 for use as nuclear fuel. It 
was also used in stainless steel pickling, 
petroleum alkylation, glass etching, oil and 
gas well treatment, and in the manufacture 
of a host of fluorine chemicals used in 
dielectrics, metallurgy, wood  preserva- 
tives, pesticides, mouthwashes and decay- 
preventing dentifrices, plastics, and water 
fluoridation. 

Fluosilicic acid was used primarily in 
water fluoridation, either directly or after 
being processed to sodium silicofluoride, 
and by the aluminum industry. 

Allied Corp. started up a commercial- 
scale plant at Metropolis, IL, to produce 
fluorinated carbon products. Allied report- 
ed that its fluorinated carbons, which are 
made by reacting carbon with elemental 


22 MINERALS YEARBOOK, 1985 


UN 


fluorine, are nonfusable powders with good electrical resistivity. Fluorinated carbons 
chemical resistance, high thermal stability, were used as a cathode material in lithium 
a low coefficient of friction, and variable cells and as a solid lubricant.* 


Table 2.—U.S. consumption (reported) of fluorspar, by end use 


(Short tons) 
Containing more Containing not 
cadum fluoride’ -caked flucride Total 
cium fluo um fluori 
88 (CaF) (CaF) 
1984 1985 1984 1985 1984 1985 
Hydrofluoric acid ()))) 530,527 408,880 T -. 830,527 408,880 
Glass and fiberglass. ___________------_-~- 4,952 1,337 846 1,063 5,798 2,420 
Enamel and pottery- _____--------------- SH ES 1,619 1,211 1,619 1,211 
Welding rod coating 8,414 9,867 2,600 1,460 11,014 11,327 
aluminum and magnesium 2 = s W M" 
Iron and steel castings __ - - - - - -----------— 924 Ges 15,591 8,689 16,515 8,689 
Open-hearth furnace? 2 m 35,893 34,647 35,893 34,647 
Basic oxygen furnaces _-----------------—- SR -- 105.253 69,615 105, 253 69,615 
Electric furnace 2,021 2,065 42,597 28,087 44,618 30,152 
Oher EE ae . — 1.344 682 1.344 
TOLL s Cu crei 8 546,838 422,149 205,743 145.474 752,581 567,623 
Stocks, Dec. l 70,446 37,732 49,821 8,858 120, 267 46.590 


W Withheld to avoid disclosing company proprietary data: included with Other.“ 


Table 3.—U.S. consumption (reported) of subacid grades of fluorspar in 1985, by end use 


(Short tons) 
Containing not serie 8 97% calcium 
fluori 
End use or product Ee 
Flotation Lump or Briquets or 
concentrates gravel pellets 

Chemicals and allied DES Welding flunees 1,460 Sa Sick 

ee ceramic, bricks 
WEE 1,083 um thes 
Other gun clay products - - EE 1,211 zs za 
Iron and steel foundries______________________________ 122 8,541 26 

Steel mills: 
Basic oxygen furnaceei? ee 1,685 25,012 42,918 
Electric furnaces `... 1,814 25,015 1,198 
n-hearth furna ces 3,054 28.663 2.930 
Other identified end uses s 633 m 
TOU WEEN 10,478 87,924 47,072 
Table 4.—U.S. consumption of fluorspar (domestic and foreign), by State 
(Short tons) 
State 1984 1985 

Alabama, Kentucky, Tennessee. |... ~~ „„ ,643 56,490 
Arizona, Colorado, Utah |. 22222222222 LLL 12,141 9,028 
Arkansas, Kansas, Louisiana, Missouri ~- - --------------—--------—-—-——— 161,450 125,306 
Cälifořnis -nanan a alc eo EE 8 W 
Connecticut, Massachusetts, New York, Rhode Islands 6,540 4,108 
Il ⁰ ¹ wd EE 10.747 5.827 
/ QZ ] «gg y a ee y y Res ads E 37,919 31,306 
Michigan eost Gen te a ENERO ß t at 2,294 W 
Newderééy ]ↄ ] iꝙB?ꝶú yd y du cua Add y uL e atu Ce e W 
JJ ³ ↄ dd ⁵³ↄ VVS thes RO Na rag fe 72.723 $6,538 
Oregon and Washington ___________-_-_-.-_----_----~ ~~~ ee W 
Pen fe SEED oes ds bes 54,950 30,130 
)))) ees yh eI RUIN SOR EE rA 8 218,128 231,484 
West Virginia EE EE 14,480 1.633 
UGE ebe : ę³ðL y Ae eosin ta at 31.966 23.773 
JJ%//0öẽ;⁵Oĩ . ũ ͤ́ ñ ⁵ mm e ee Site oy tb ae ae 752,581 561,623 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Includes lowa, Maryland, Virginia, Wisconsin, and data indicated by symbol W. 
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STOCKS 


Fluorspar consumer stocks decreased 


61% to about 47,000 tons. 


Domestic producer prices of all grades of 


(E&MJ) remained at 1984 levels. E&MJ 
yearend price quotations serve as a general 
guide but do not necessarily reflect actual 
transactions. 

Yearend price quotations in the Chemical 
Marketing Reporter (CMR) were $0.6875 


per pound for anhydrous HF and $43.00 per 
100 pounds for aqueous HF, 7096, in tanks. 
The CMR yearend price for cryolite was 
$550 per ton. CMR yearend price quotations 
for fluosilicic acid were $151.00 per ton for 
15-gallon drums, 3096 basis, and $110.00 per 
ton for tanks, 2396 basis. All of these prices 
were unchanged from those of 1984. 


Table 5.—Prices of domestic and imported fluorsper 
(Dollars per short ton) 


Domestic, f.o.b. Illinois-Kentucky: 
Motallurguak 10) 10% pects Canah briqus ts 
88% to 90% 0 0 Cr, i a sag lass ee eg 
95% to 96% CaFs_. ------------------- 


Acid, bulk: 97 + %, Mexican 


1C.i.f. east coast, Great Lakes, and gulf ports. 
.S. import duty, 50 


— m mm rem om gp enw — ww ew ww ww wt mm A mp vm mp wm 


mp wm om — wm wg mm — om o wm A o em wm emm vm mm mm mm wm c vm mmm o wm em 


urgical: 
10% effective Cas. f.o.b. vessel, Tampico ~- ----- 
70% effective CaFs, f.o.b. cars, Mexican border 


mp mm mn omg zt em wm mm — —  — 


1984 1985 
EEN 125 12⁵ 
3 EE 100 100 
J)) ee 170 170 
FFF 165-175 165-175 
j eae NN NRE 178 178 
EE ER 179 179 
JFF 140-180 140-180 
HERR ARRIERE 80.06 80.06 
RIO PUN RD MO 15.63 15.68 
CIS USAID M 108.88 108.33 


Source: Engineering and Mining Journal, Dec. 1964 and 1985. 


FOREIGN TRADE 


According to Bureau of the Census data, 
US. fluorspar exports of all grades decreas- 
ed 21% and had an average value of $110 
per ton. Synthetic cryolite exports decreas- 
ed 2496 to 18,000 tons, representing 15,600 
tons of equivalent fluorspar, valued at $5.4 
million. 


Imports for consumption of fluorspar 
decreased significantly. Acid-grade imports 
decreased by 1796, and imports of subacid- 
grade material decreased by 34%. Imports 
from Mexico, the largest foreign supplier, 
were 51% of the combined fluorspar total. 
The Republic of South Africa supplied 3396; 
Spain, 6%; China, 4%; Italy, 3%; and Mo- 
rocco, 3%. Small quantities were also im- 
ported from Canada, France, the Federal 
Republic of Germany, and the United King- 
dom. The average unit value of imported 


acid- and subacid-grade fluorspar was 
$97.12 and $63.53, respectively. 

U.S. import duties remained in effect for 
all grades of fluorspar. The duty was $1.875 
per ton for acid grade and 13.5% ad valorem 
for ceramic and metallurgical grades. 

Imports for consumption of HF decreased 
slightly to a quantity equivalent to about 
157,000 tons of fluorspar. Imports for con- 
sumption of natural and synthetic cryolite 
decreased 27% and had an average value of 
$603 per ton. Cryolite imports represented 
20,000 tons of equivalent fluorspar. 

The United States also imported many 
fluorochemicals, including ammonium bi- 
fluoride, chlorodifluoromethane, dichloro- 
difluoromethane, fluorocarbon polymers, 
hexafluoropropylene, polytetrafluoroethy- 
lene, and trichlorodifluoromethane. 
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Table 6.—U.S. exports of fluorsper, by country 


1984 1985 
—— aroti) Value (fert tend Value 

Comet % 
r SE GIN E COME NR 33 
%%% ³¹mW . m 86 21,066 90 19,563 

Total T 12.266 1,292,426 19 671 1,062,620 

ata do not add to total shown because of independent rounding. 

Source: Bureau of the Census. | 


Table 7.— U.S. imports for consumption of fluorsper, by country and customs district 


1984 1985 


Country and customs district Quanti Value! Quantity Value! 
(short cA (thousands) (short tons) (thousands) 


CONTAINING MORE THAN 97% CALCIUM FLUORIDE (CaF$) 


Canada: 
Buffalo. uz ß EE ER 24 $1 
Detroit ege auccm m ec AME iM EA E LA 259 $25 MM - 
F . . 81 6 431 41 
ji! WEE 840 81 461 42 
China: 
Baltimore d nma as 89 11 es — 
New Orleans zs PT 5,882 551 
EEN 89 11 5,882 651 
France: Houston `... 118 37 §17 199 
EE 61,619 7,825 15,765 1,557 
, . e EK sales 259 
ß eee eee ee 61,619 7.325 18.245 1,816 
Mexico: 
El Pao ceu eben amamos ee das 90,788 8,219 1 6,657 
Houston ou Luc Eeer, a uade «x 6,112 675 
Laredo 8 oo oe ee Se ee ee ee 120,437 11,125 9. 8,967 
New Orleans... „„ 15,612 1,646 3,451 194 
Nogalis EE 8 ins 6 
z p 226,787 20,990 177,688 16,499 
Morocco: New Orleans PUN GH 15,674 : 
South Africa, Republic of: 
ouston Lo rcu uerum AA AA 44,615 3,656 36,712 3 
New Orleans 140,096 14,833 182,245 13,598 
J E e Re eS ae ee Le It a 9,958 959 12,085 1,294 
vu, DEE 194,729 19,448 181,102 18,151 
Spain: 
Cleveland 20,648 2,211 12,968 1,337 
New Orleans 17,178 1,808 19,449 1,794 
Totál zou ] 2A ee UU rs 87,821 4,014 82,417 8,131 
United Kingdom: Milesukes „ t "M 24 2 
Grand total - 621448 61856 432010 41955 


Qt 
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Table 7.—U.8. imports for consumption of fluorspar, by country and customs district 
—Continued 


1984 1985 


Country and customs district Quan Value! Quanti Value! 
(short al (thousands) (short tone) (thousands) 


CONTAINING NOT MORE THAN 97% CALCIUM FLUORIDE (CaP3) 


Canada: 
, S emu ee oe E 284 $19 
Detroit ooo renonce 171 12 158 
Pembina — e = Oe o Ge AE 11 
Tola accom A ³ TL Qe 8 602 51 534 86 
China: 
Baltimore 80,478 2,460 16,881 1,884 
New Orlen ------- -= a A ,602 1,409 E E 
EE 11,458 966 DS EN 
C7111 ee ee 8 62,628 4,835 16,881 1,884 
Germany, Federal Republic of: 
Le ATTEN UN Ec 37 15 
Houstoeůunnk᷑ũk «44 11 8 EN dee 
1J1J7177ôöÄĩê5ͤ . EE hl e LE. 11 8 87 15 
Italy: Los Aogekeg e ~~~ ee 23 9 m es 
Mexico: 
U ² 401 42 1.818 82 
po i 4 ee E 2,544 202 2,555 187 
EP... oe See eee et 16,690 796 9,453 441 
Laredo — os ii ³ KK ⁵¼ iL $9,097 8,067 1,825 
New Orleans 50,120 8,425 51,148 8,164 
22% RT REI ESPERE USE 1,445 725 9,869 560 
ONCE ANENE PE BOE TRO E 116,906 8,257 108,547 6,299 
South Africa, Republic of: New Orleans 2,193 230 V zx 
Grand to(al 2655S Scone eee pecus eue 182,268 18,385 120,949 7,684 
‘Customs, insurance, and freight (c.i.f.) value at U.S. port. 
Source: Bureau of the Census. 


Tabie 8.—U.S. imports for consumption of hydrofluoric acid (HF), by country 


1984 1985 

Country tity Value! Quanti Value! 

tons) (thousands) (hort (oca) (thousands) 

C nada. 43,441 644 687 $33 

Fran ess EE 17 SS A ge yn 
dem c uo eee 4,422 8,429 4,187 

Korea, Republicof_________________ im DW 17 18 
Mexico- o o uo ee 66,899 60,694 504 56,288 
Netherlands mot cL 8 ee SS 20 18 
E m : : S i 
United Kingdom - ~~~  ... .. TT 61 48 324 396 
Total ---------------------—- 114,431 . 100,940 104,411 94,017 


‘Customs, insurance, and freight (c.i.f.) value at U.S. port. 
Source: Bureau of the Census. 
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Table 9.—U.8. imports for consumption of eryolite, by country 
1984 1985 
Country Quanti Value! Quanti Value! 
GO GU — ioeend) e iaaa 
Braxil 2n en ees 17 1: Se tm 
Canada -22212111121111 13,883 7, 2,414 $1,287 
Ging. So ( III L 19 10 Ges d 
EE 2,124 2,018 3,781 2,492 
3 0 - 444 E FC 
Greenland.____________________- 65 61 Ge KK 
Haly ee ͤ ( Bs Ke 3,827 1,960 
Japan oe o o Ld or doe 8,668 2,554 6,169 3.244 
Netherlands ___________________-_ 98 12 907 582 
United Arab Emirates ______________ 830 446 Si Gs 
United Kingdom __________________ 128 200 6 108 
Total i nie oe a 722 18,124 16,506 10,008 
Customs insurance, and freight (c.i.f.) value at U.S. port. 
Source: Bureau of the Census. 
WORLD REVIEW 


Canada.— Assessment and development 
work continued at Eaglet Mines Ltd.’s Ques- 
net Lake property in British Columbia. The 
large, low-grade deposit reportedly contain- 
ed recoverable fluorspar, silver, lead, zinc, 
and molybdenum. Minworth Ltd., a British 
firm, continued development work to re- 
open a fluorspar mine near St. Lawrence, 
Newfoundland. The mine had been last 
operated in 1977 by the St. Lawrence Corp. 
and Newfoundland Fluorspar Ltd., formerly 
Ju subsidiary of Aluminum Co. of Canada 

France.—The Belgian firm Solvay & Cie. 
planned to spend approximately $10 million 
to increase production capacity of its fluori- 
nated monomer and polymer complex in 


Tavaux, France. Plans were to increase 
vinylidene fluoride, used in the manufac- 
ture of fluorinated thermoplastic polymers 
and elastomers, from 1,650 tons per year to 
5,500 tons and polyvinylidene fluoride 
(PVDF), a fire-retardant resin, from 1,650 
tons to 2,500 tons by October 1986. Solvay 
has been the world's second largest produc- 
er of PVDF after Pennwalt Corp. 

United Kingdom.—Shell Chemicals UK 
Ltd. began expanding the capacity of its 
fluorochemicals production unit at Stanlow, 
Cheshire, by more than 50%. The unit, the 
largest of its kind in the world, has produc- 
ed a variety of fluorinated compounds deriv- 
ed by halogen exchange chemistry. The 
expansion was to be completed during 1986. 


Table 10.—Sales of Mexican fluorspar, by grade 


(Short tons) 
Grade 1981 1982 11989 11984 1985 

. ³o·w˙ e tS es ete ses 582,165 182 508,235 
Ceramic - -—------------ -n 100,511 27.202 49,285 54,562 B1 ped 
enam ee J 260,121 120,478 117,190 230,375 309,490 
urgical ee 211,506 116,030 93,568 117,118 87,779 
z D 1,094,902 602,442 660,017 910,285 829,061 

"Revised. 


Source: Instituto Mexicano de la Fluorita A.C. 
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Table 11.—Fluorspar: World production, by country’ 


(Short tons) 
Country? and grade? 1981 1982 1983 1984P 1985° 
Argentina — - -- - ------------------—- 22,878 «98,155 31,950 25,526 21,500 
Brazil (marketable): 
Acid grade 39,932 35,274 47,399 *49,600 51,800 
Metallurgical grade 19,184 20,944 28,660 33,000 37,500 
Total sce. Se ee 59,116 56,218 76,059 *82,600 89,300 
D K i SS ee SAI 
Acid grade ________________.____- 88,000 88,000 110,000 110,000 110,000 
urgical grade 440,000 440,000 440,000 606,000 606,000 
ve, d'V EE 528,000 528,000 550,000 716,000 716,000 
Czechoslovakia _______________-_____ 106,000 106,000 106,000 106,000 105,000 
ERYI oc Seo eee See eee ee en 590 99 13 *55 55 
France: 
Acid and ceramic grade 185,960 177,125 155,957 175,378 165,000 
Metallurgical grade 96,452 90,825 60,488 80,469 77,200 
ORME EE 282,412 268,550 216,445 255,847 242,200 
German Democratic Republic? `... 110,000 110,000 110,000 110,000 110,000 
Germany, Federal Republic of (marketable) /p 79,155 86,685 88,964 87,744 88,000 
Greece oo y he ee *322 330 330 330 330 
Acid ges 8 14.711 13.676 12.000 13.000 13.000 
Metallurgical grades 5.924 6.294 25,000 6.000 6.000 
Total ͤ ³˙¹w ⁰ a 20,635 19,970 17.000 19,000 19,000 
Italy: 
Acid B crc i 5 — AAA 8 142.019 147,850 113,439 121,618 116,000 
M lurgical gerade... -____- 39,018 36,180 82,409 85,904 83,000 
Total PROPRII PE CAN ef Ne 181,037 184,030 195,848 207,522 199,000 
Kenya: Acid gradſl]e 105,849 97,804 65,129 51,343 55,000 
Korea, North: Metallurgical grade 44,000 44,000 44,000 44,000 44,000 
Korea, Republic of: Metallurgical grade 7.125 4.042 7,012 5,150 5,500 
Mexico: 
Acid grade 559,973 450,845 448,640 379,725 “417,469 
Ceramic gradeee9ꝙ 119,049 59,525 50,706 40,307 *30,011 
Metallurgical gradPe᷑T: ------------—- 338,409 182,983 80,469 235,079 4297, 897 
Submetallurgical grade 212, 746 116,845 87,082 115,878 457,779 
z cosi eet ene 1,230,171 810,198 666,897 710,989 *803,156 
Mongolia: Metallurgical grade 656,000 739,000 712,000 7816,000 816,000 
Morocco: Acid grade... 13,524 55,336 66.469 72,642 77,000 
Pakistan 16 1897 370 3.003 2.600 
Romania: Metallurgical grade? ____________ 22,000 22,000 22,000 22,000 22,000 
Sou Africa, Republic of: 
grade 222. cee 497,819 323,882 256,563 318,892 *341,949 
Coane grade o: o ecu suat 6,744 10,613 7,061 4,963 46,310 
Metallurgical graàdlee 42,758 30,188 31,356 28,010 *36,676 
Total rs ocu ee 547,321 364,683 294,980 351,865 4384 935 
Spain: 
ei (eae te P PRG MEN 235,471 173,289 210,265 279,128 248,000 
lurgical gradſde 47,963 40,868 45,840 46,788 49,600 
Total era eer Macr A S 283,434 214,157 256,105 325,916 297,600 
Thailand: 
Acid EE 60,827 89,314 51,466 62,998 44,000 
M lurgical grade 173,405 194.099 176.324 253,783 220,000 
„ Total PS 234,232 283,413 221,190 316,781 264,000 
Tunisia: Acid gradle 38,409 36,607 37,493 49,064 49,600 
Turkey: Metallurgical grade? |... 42.189 2,200 2,200 2,200 2,200 
USSR* EEN 585,000 595,000 595,000 606,000 617,000 
United Kingdom "281,640 221,344 144,733 150,686 165,000 
United States (shipment) ) 115,404 71,017 *61,000 72.000 66.000 
( nl ou c ee oe N NI (ê) (8) M 


See footnotes at end of table. 
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Table 11.—Fluorspar: World production, by country' —Continued 
(Short tons) 
Country? and grade? 1981 1982 1983 1984P 1985* 
Grand total 15.6 16.455 74,953,735 4,655,787 5.270, 268 5. 267,976 


*Estimated. Preliminary. Revised. 
Table includes data available through May 13, 1986. 


In addition to the countries listed, Bulgaria is believed to have produced fluorspar, but production is not officially 
reported, and available information is inadequate for the formulation of reliable estimates of output levels. 

An effort has been made to subdivide production of all countries by grade (acid, ceramic, and/or metallurgical). Where 

this information is not available in official reports of the subject country, the data have been entered without qualifying 


notes. 
*Reported figure. 


5Same grade range as metallurgical but primarily contains greater quantities of silica impurities. 


*Revised to zero. 


TECHNOLOGY 


The Oak Ridge National Laboratory de- 
veloped a new method of removing silica 
from silicon carbide powders using gaseous 
hydrogen fluoride.* 

A 2-year study jointly funded by E. I. du 
Pont de Nemours & Co. Inc. and Allied 
determined that trichlorotrifluoroethane, a 
chemical solvent sold as fluorocarbon-113 
and used to clean metals and sensitive 
equipment such as electronic components, 
did not appear to be a carcinogen, mutagen, 
or teratogen in animal tests or human 
experience.* 

The National Institutes of Health and Du 
Pont continued sponsoring research to de- 
velop a “blood substitute," or oxygen- 
transport fluid, using perfluorochemicals. 
Alpha Therapeutics Corp., a U.S. subsidiary 
of Green Cross Corp. of Osaka, Japan, 


applied for Food and Drug Administration 
(FDA) approval of its perfluorochemicals, 
emphasizing its use in treating heart prob- 
lems and cancer. Admamantech, a subsid- 
iary of Sun Co. Inc., was also conducting 
studies on perfluorochemicals. 

The FDA approved the sale of flecainide 
acetate, the first of a new electrophysiologic 
class of drugs for the treatment of irregular 
heart rhythms. It was the first fluorine 
containing drug approved for cardiac 
arrhythmias.“ 


Physical scientist, Division of Industrial Minerals. 


Chemical Marketing Reporter. V. 228, No. 10, 1985, 


p. 50. 
*Chemical Week. V. 137, No. 23, 1985, p. 5. 
4 V. 137, No. 3, 1985, p. 43. 
5Work cited in footnote 4. 
a & Engineering News. V. 68, No. 30, 1985, 


1. V. 63, No. 46, 1985, p. 61. 
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Gallium 


By Deborah A. Kramer! 


Domestic consumption of gallium increas- 
ed moderately over that of 1984. No domes- 
tic primary gallium production was report- 
ed in 1985, and as a result, imports sup- 
plied most of the U.S. gallium demand. 
Gallium metal was used to produce gallium 
compounds, mainly gallium arsenide, for 
use in electronic devices, such as integrated 
circuits, light-emitting diodes (LED), and 
laser diodes. 


Domestic Data Coverage.—Domestic con- 
sumption data for gallium are developed by 
the Bureau of Mines from a voluntary 
survey of U.S. operations. Of the 53 oper- 
ations to which a survey request was sent, 
75% responded, representing 61% of the 
consumption shown in tables 1, 2, and 3. 
Consumption for the 13 nonrespondents 
was estimated using import data and infor- 
mation on domestic consumption trends. 


Table 1.—Salient U.S. gallium statistics 
(Kilograms unless otherwise specified) 


1981 1982 1983 1984 1985 
NEM ee es Se HEY 1,500 1,560 " M" - 
mports for consumpt ioůowon 5,536 5,199 1.294 9.669 1,961 
nsumption______________________- 6,810 6,660 6,425 7,060 7,396 
Price per kilogram. _____.___._________- $630 $630 $525 $525 $525 
"Estimated 
Legislation and Government Pro- owned treatment works. Primary and sec- 


grams.—The Environmental Protection 
Agency (EPA) issued final regulations un- 
der the Clean Water Act for specified non- 
ferrous metals manufacturing operations. 
These regulations limit the discharge of 
pollutants by existing and new operations 
into navigable waters and into publicly 


ondary gallium operations were included 
under the EPA regulations, and effluent 
discharges were to be regulated for arsenic, 
fluoride, lead, and zinc contaminants. Daily 
and monthly effluent limits for these ele- 
ments varied according to type of manu- 
facturing operation and effluent source.? 
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DOMESTIC PRODUCTION 


The U.S. gallium supply was obtained 
almost exclusively from imports. Eagle- 
Picher Industries Inc. recovered and refined 
gallium from primary and secondary mate- 
rial at its plant in Quapaw, OK. 

Startup problems, including delays in 
equipment deliveries, bad weather, and ex- 
tra time required to train operational 
crews, delayed the opening of Musto Explo- 
ration Ltd.’s primary gallium and germa- 
nium recovery plant near St. George, UT. 
The plant reportedly began limited produc- 
tion of 99.9%-pure gallium in October, but 
full-scale operation was postponed until 
1986. Development continued on the Apex 
Mine ore zone, which reportedly contained 
recoverable quantities of copper, silver, and 
zinc, as well as gallium and germanium. 


Musto’s plant was the only operation in the 
world to recover gallium or germanium as 
principal products, and when fully opera- 
tional, the plant’s annual production ca- 
pacity was expected to be 10,000 kilograms 
of gallium and 17,900 kilograms of germa- 
nium. 

According to a report published by the 
U.S. Geological Survey, most of the copper- 
rich ore at the Apex Mine was removed 
during previous mining operations, leaving 
behind iron-rich minerals containing most 
of the gallium and germanium. The re- 
maining ore was defined as a goethite- 
limonite-hematite zone that contains local 
concentrations of jarosite, azurite, and mal- 
achite. Gallium was concentrated primarily 
in jarosite and in some limonite.* 


CONSUMPTION 


Domestic gallium consumption continued 
to increase primarily for use in electronic 
devices. Over 95% of the gallium consumed 
was in the form of compounds, mainly gal- 
lium arsenide, for semiconductors, LED, 
and laser diodes. 

Gallium arsenide continued to receive 
attention during the year because of its 
semiconductor applications. Ford Motor Co. 
announced that it would construct a $33 
million facility in Colorado Springs, CO, to 
produce gallium arsenide integrated cir- 
cuits. The plant, which was expected to 
have the capability to produce 25,000 gal- 
lium arsenide wafers per year, was schedul- 
ed to begin production by yearend. Ford 
planned to develop gate-array chips and 
static random-access memory chips at the 
new facility.‘ 

Spectrum Technology Corp., a manufac- 
turer of gallium arsenide wafers, planned 
an expansion to increase manufacturing 
output by 300%. Expansion completion at 
the company’s Holliston, MA, headquarters 


was scheduled for June. 

General Electric Co. (GE) planned to in- 
vest $3.5 million in advanced equipment for 
its gallium arsenide research and develop- 
ment center in Syracuse, NY. GE intended 
to increase design productivity and produce 
monolithic microwave integrated circuits. 
By establishing a 3-inch-wafer handling ca- 
pability, the company expected to increase 
the number of designs that could be devel- 
oped.* 


Table 2.—U.S. consumption of 
gallium, by end use 


(Kilograms) 
End use 1983 1984 1985 
Specialty alloys s 43 42 65 
Electronic)! 5.915 6.320 7,071 
Research and development 410 641 260 
Unspecified _.________ 57 57 SH 
Total EE 6.425 7,060 7,396 


'Light-emitting diodes, semiconductors, and other 
electronic devices. 
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Table 3.—Stocks, receipts, and consumption of gallium! 


(Kilograms) 
Beginning : Consump- Ending 
Purity Stocks Receipts tion stocks 
97.0% to 99.9% ___..__-___-__-___--_--------- 110 44 105 
JV ale oe ae Ses yt un 1307 E T51 
) 8 4 
99.999996 to 99.99999% %ſhͥͤ %s „„ „ „„„„„„„ 1.712 75,190 6,142 "760 
ME 1,830 "6,156 7,060 7926 
985: 
971.0% to 99.9% __--------------------- rm 105 65 65 105 
99.9996 EE 57 396 419 34 
9099005 EE 4 14 16 2 
99.9999% to 99.99999%inn _-_- 760 6,919 6,896 783 
yp) i PPP 926 7,394 7,396 924 
"Revised. 
41Consumers only 
PRICES 


The price of 99.99999%-pure gallium met- 
al, quoted in American Metal Market 
(AMM), remained at $525 per kilogram in 
100-kilogram lots throughout the year. At 
yearend, prices for the following gallium 
materials were published by AMM, in dol- 
lars per kilogram: gallium metal, 99.99% 
pure, in 100-kilogram lots, $435; gallium 


metal 99.9999% pure, imported, $430 to 
$460; gallium oxide, 99.99% pure, imported, 
$380 to $400; and gallium oxide, 99.999% 
pure, $415. 

Quoted prices of gallium materials were 
unchanged from yearend 1984, except for 
that of imported 99.9999%-pure metal, 
which increased by $50 to $60 per kilogram. 


FOREIGN TRADE 


Export data for gallium metal and com- 
pounds were combined with data for other 
metal exports by the Bureau of the Census 
and could not be separately identified. Gal- 
lium metal and its compounds were export- 
ed in the form of electronic and electrical 
components. 

Imports of gallium metal and waste and 
scrap declined moderately from those of 
1984. Switzerland, France, and the Federal 
Republic of Germany, in decreasing order of 
receipts, continued to be the primary im- 


port sources, accounting for over 91% of 
U.S. imports. The average declared value of 
imported gallium increased to $433 per 
kilogram in 1985 from $419 per kilogram in 
1984. 

Beginning January 1, 1985, import duties 
for gallium compounds and gallium metal 
(TSUS 423.00 and TSUS 632.24, respective- 
ly) were 4% ad valorem for most favored 
nations (MFN) and 25% ad valorem for non- 
MEN. 
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Table 4.—U.S. imports for consumption of gallium 
(unwrought, waste and scrap), by country 


Beate 1984 1985 
TERN Kilograms Value Kilograms Value 
Belgium-Luxembourg -------------------------- um 55 $19,800 
Canada ] TT.. 1 $440 3 4,191 
China- neee mea ee 400 154,696 m En 
FFF! ³o¹w˙m] y -= 8 2.449 997,182 1,563 711,496 
Germany, Federal Republic of ~- ------------------- 1,554 575,790 1,423 587,876 
HUNGARY cin Qut ew ³ cs ate LL EE 168 61,430 8 95 
j ³Üm 8 89 40.317 105 29,351 
Mai ee ean 5 1,630 40 14,400 
Netherlands - --------------------~-----—-——-—- 131 49,120 50 19,725 
New Zealand- une E e SLE ee 132 53,030 AE Ee 
Sür nend 8 "V OM 30 15.100 
d ere er lut LU Am Eer ge Ta 201 112,302 
Switzerland numum Em massime ide Ee 4,088 1,938,711 4,268 1,847,744 
III hr cono ae MAD LL M UEM S LEE 22 PM 50 17,000 
United Kingdom -------------------—----—----- 651 176,802 163 49,017 
! AA 6 ( es ue e bie 71 883 10 19,080 
C11 ⁰ 9,669 4,050,031 7,961 3,447,082 
Revised. 
Source: Bureau of the Census. 
WORLD REVIEW 
Data for world gallium production were at its Niihama facility.“ 


unavailable, but world production of prima- 
ry gallium was estimated to be about 30,000 
kilograms. 

Japan.—Gallium demand in Japan was 
estimated to be between 36,000 and 40,000 
kilograms for production of gallium arse- 
nide and gallium phosphide used for LED, 
laser and infrared diodes, and other semi- 
conductor applications. A significant por- 
tion of this demand was supplied by scrap 
material generated by manufacturing oper- 
ations. Limited availability of Bayer liquor 
at Sumitomo Chemical Co. Ltd.’s alumina 
plant, as a result of a reduced operating 
rate, prevented the company’s Niihama pri- 
mary gallium recovery facility from oper- 
ating at its full 10,000-kilogram-per- 
year capacity. Sumitomo also refined crude 
gallium and recovered gallium from scrap 


Dowa Mining Co. Ltd. announced plans to 
construct a new gallium recovery plant at 
Kosaka to increase its annual gallium pro- 
duction capacity to 10,000 kilograms. Plant 
completion was expected late in 1985 or 
early 1986. Dowa’s annual capacity at year- 
end 1985 was estimated to be 5,000 kilo- 
grams for primary gallium recovery and 
1,000 kilograms for scrap recycling. 

Switzerland.—Alcan Aluminium Ltd. 
(Canada) purchased the production technol- 
ogy, inventories, and markets of Swiss Alu- 
minium Ltd.’s (Alusuisse) gallium oper- 
ation. Alusuisse operated a gallium refinery 
at Neuheusen with an annual capacity of 
10,000 kilograms. It was expected that the 
processing equipment would be moved to 
the Alcan rolling mill at Rorschach after 
the acquisition was finalized. 


TECHNOLOGY 


Scientists at the Bell Communications 
Research Center reportedly developed a 
technique called vapor levitation epitaxy 
(VLE) to float wafers on a cushion of gas 
while crystal layers are grown on the wafer. 
Gallium arsenide, indium phosphide, in- 
dium gallium arsenide, and indium gallium 
arsenide phosphide were grown by VLE. 
VLE reportedly produces exceptionally 
pure materials, which are important in 
fiber optics communication systems. The 
process also makes possible the growth of 
ultrathin layers of material, a few atoms 


thick, which are crucial to advanced optical 
device production. VLE reportedly allows 
the growth of structures that were not 
possible previously, and these structures 
can be grown on larger wafers with greater 
uniformity than was possible with existing 
production systems.’ 

Gould Inc. reportedly developed a gallium 
aluminum arsenide-gallium arsenide tran- 
sistor, which the company claims is 3 times 
faster than conventional gallium arsenide 
devices and 10 times faster than convention- 
al silicon devices. Use of a molecular beam 
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epitaxy (MBE) process results in a structure 
that confines electron flow to a two-dimen- 
sional layer, providing lower noise levels. 
The new transistor was designed to replace 
gallium arsenide devices in very-high -fre- 
quency applications, such as satellites, ra- 
dar, and electronic warfare systems, where 
low noise levels are required. 

Using MBE techniques, scientists at 
Philips Research Laboratories in the United 
Kingdom reportedly produced gallium ar- 
senide quantum well lasers that emit light 
in the visible part of the spectrum. Conven- 
tional gallium arsenide lasers emit light in 
the infrared wavelengths unless traces of 
aluminum are added to the active region to 
reduce the emission wavelength. In the 
production of the quantum well lasers, fast 
shutters are used to interrupt the molecular 
beams, allowing for changes in crystal com- 
position within one atomic layer. One appli- 
cation for the laser already exists in optical 
information storage and retrieval systems, 
such as compact disk players.* 

Researchers at the University of Illinois 
reportedly grew layers of gallium arsenide 
and gallium aluminum arsenide on silicon 
substrates by MBE. The researchers claim 
that performance of devices made from 
these wafers is almost identical to those 
fabricated from gallium arsenide sub- 
strates. Potential advantages of this tech- 
nology include integration of high-speed 
gallium arsenide devices with silicon de- 
vices, the use of lower cost and high-quality 
silicon substrates, and development of gal- 
lium arsenide technology on larger silicon 
wafers. In the process, silicon substrates are 
cleaned to obtain a carbon-free surface by a 
series of alternating oxidation and oxide 
removal steps. Cleaned substrates, with a 
thin oxide layer, are loaded into an MBE 
system. Gallium arsenide growth is initiat- 
ed by deposition of an arsenic layer, which 
provides nucleation sites for a layer of 
gallium. In this manner, atomic layers of 
gallium and arsenic are alternately depos- 
ited. Initially, a thin gallium arsenide layer 


433 


is grown at a slow growth rate and low 
substrate temperature, after which the 
growth rate and substrate temperature are 
slowly raised to 1 micrometer per hour and 
580° C, respectively. 

Ferrofluidics Corp. was awarded a grant 
from the Israel-United States Binational 
Industrial Research Foundation for one-half 
the cost of the firm’s $1.6 million gallium 
arsenide study program. The goal of the 3- 
year project was to develop a Czochralski 
gallium arsenide growing system, which 
was to be fully automated and would oper- 
ate at low pressure. The company expected 
this system would produce improved mate- 
rial for use in both optical and semiconduc- 
tor applications. 

A newly formed company, Emcore Inc., 
offered modular production-scale equip- 
ment to produce gallium arsenide wafers. 
According to the company, the equipment 
can produce up to 40 wafers per day and can 
be altered to a customer’s needs, unlike 
conventional equipment, which has a weld- 
ed construction. Metal organic chemical 
vapor deposition (MOCVD) technology was 
used to fabricate the gallium arsenide wa- 
fers. In MOCVD, vapors of organic gallium 
and arsenic compounds are injected into a 
heated chamber where they decompose, and 
the gallium and arsenic deposit on a seed 
gallium arsenide wafer. By this method, 
deposition thickness can be carefully con- 
trolled, and chemical doping can be per- 
formed. 


1Physical scientist, Division of Nonferrous Metals. 

*Federal ister. Nonferrous Metals Manufacturing 
Point Source Category; Effluent Limitations Guidelines, 
Pretreatment Standards, and New Source Performance 
Standards. V. 50 , No. 183, Sept. 20, 1985, pp. 38276-38402. 

Bernstein. L. R. Geology and Mineralogy of the Apex 
Germanium-Gallium Mine, Washington County, Utah. 
U.S. Geol. Surv. Bull. 1577, 1986, 9 pp. 

*Guiles, M. G. Ford To Begin Manufacturing Semicon- 
dur COE The Wall Street J., v. 205, No. 52, Mar. 15, 1985, 


p. 12. 

Solid State Technology. GE Expands GaAs R&D. V. 28, 
No. 12, Dec. 1985, pp. 18-19. 

*Metal Bulletin Monthly (London). Rapid Expansion in 
Gallium. No. 174, June 1985, pp. 41-43. 

"Photonics Spectra. Floating Along. V. 19, No. 6, June 
1985, pp. 40-41. 

5 — ——. More Progress in Quantum Well Lasers. V. 19, 
No. 11, Nov. 1985, p. 46. 
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Gem Stones 


By Staff, Bureau of Mines 


The value of gem stones and mineral 
specimens produced in the United States 
during 1985 was estimated to be $7.4 mil- 
lion, virtually the same as that of 1984. 
Amateur collectors accounted for much of 
the activity in many States. Small mine 
operators produced jade, opal, sapphire, 
tourmaline, and turquoise, which they sold 
mainly to wholesale and retail outlets, in 
gem and mineral shops, gem shows, and to 
jewelry manufacturers. 


Domestic Data Coverage.—Domestic pro- 
duction data for gem stones are developed 
by the Bureau of Mines from the “Gem 
Stones” survey, a voluntary survey of U.S. 
operations. Of the 43 operations to which a 
survey request was sent, 33% responded. 
Production for the 29 nonrespondents was 
estimated using reported prior year produc- 
tion levels adjusted by trends in employ- 
ment and other guidelines. 


DOMESTIC PRODUCTION 


Mines and collectors in 46 States produc- 
ed gem materials with an estimated value 
of $1,000 or more in each State. Ten States 
supplied 88% of the total value as follows: 
Arizona, $2.7 million; Nevada, $1.3 million; 
California, $550,000; Montana and Maine, 
$400,000 each; Oregon, $350,000; Wyoming, 
$225,000; and Arkansas, New Mexico, and 
Washington, $200,000 each. Estimated pro- 
duction increased 10% in California, 17% in 
Idaho, but decreased 11% in Montana and 
13% in Oregon. 

Lac Minerals Ltd. entered a joint venture 
with Superior Oil Co. in the continuing 
exploration of the Wyoming-Colorado bor- 
der area near Tie Siding, WY, for diamond. 
The land holdings involve 63 unpatented 
claims and rights on an additional 2,500 
acres leased from a Union Pacific subsid- 
iary. Exploration revealed the existence of 
kimberlite pipes and dikes. A 3,000-short- 
ton bulk sample was processed through 
Superior’s pilot plant at Fort Collins, CO, 
and found to be diamondiferous. A 500-carat 
sample of gem and industrial-quality dia- 
monds was offered for sale by the parties, as 
part of the characterization studies, to de- 
termine the economic value. 

A major new deposit of pink tourmaline 
(rubellite) associated with purple apatite 


was discovered at the Mount Rubellite 
Quarry near Hebron, ME. Purple and lav- 
ender apatite crystals also were found. The 
discovery could be the most significant gem 
stone find in Maine since the tourmaline 
discovery at Newry in 1972. 

Exmin Corp. leased some lands in Minne- 
sota’s Morrison, Todd, and Wadena Coun- 
ties to explore for diamonds. Some dia- 
monds and kimberlite have been reported 
in Michigan and Wisconsin, and exploration 
continued in these two States in 1985. 

A Texas partnership, Hanvey-Boulle Ltd., 
expressed a willingness to spend up to $2 
million to take a core sample at the Crater 
of Diamonds State Park, Murfreesboro, AR, 
to determine if diamond mining is feasible. 
The State of Arkansas has final right of 
approval, and the Arkansas State Parks, 
Recreation, and Travel Commission ap- 
pointed a special committee to examine any 
plans for commercial operations. A detailed 
proposal was requested from the firm by the 
committee. The firm indicated that the core 
sampling would involve drilling to a depth 
of 500 feet to determine the number of 
diamonds per hundred tons of soil. The firm 
also leased 3,000 acres of land surrounding 
the park, including several hundred acres 
leased from Anaconda Mining Co. 


435 
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CONSUMPTION 


Domestic gem stone output went to ama- 
teur and commercial rock, mineral, and 
gem stone collections, objects of art, and 
jewelry. Value of apparent consumption 
increased slightly to $3,008 million from 
that of 1984. 

U.S. consumption of colored stones, led by 
emerald, ruby, and sapphire, decreased. An- 
nual sales of emerald continued to be al- 
most equal to those of ruby and sapphire 
combined. The value of all imported gem 
stones, other than diamond, decreased 10%, 


with other cut, set and unset, principally 
cultured pearls, decreasing 12%, followed 
by emerald with a 10% decrease. 

According to data reported by the U.S. 
Department of Commerce, the sales value of 
merchandise sold by jewelry stores in 1985 
increased 9%, to $11.1 billion, over that of 
the previous year. Jewelers of America Inc. 
data indicated a substantial gain in colored 
gem stones sales, compared with diamond 
sales, for the Nation, and even more strong- 
ly for the Southwest. 


PRICES 


The U.S. price of 1.0-carat, D-flawless, 
investment-grade diamond fluctuated be- 
tween $10,500 and $13,500 per carat, and at 
yearend was $12,750 per carat. However, 
only a few hundred of these perfect 1-carat 


stones have been available each year, and 
their value may have amounted to less than 
0.2% of the total market. 

Prices for colored stones experienced lit- 
tle change during the year. 


Table 1.—Prices of U.S. cut diamonds, by size and quality 


Description, 


Carat weight colof 


= —— mm ew www eww ew mp vm — vm vm e ven mm 


G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
G-I 
D 
E 
G 
H 

I 


; Medi rice per t? 
ëng, eran certes. Augur 
Me terme) in 1986 1984 1985 

VS, 4400. $590 $490 $482 
Sh ` 400 500 450 440 
VS; 440. 750 560 550 
Sh 410. 600 475 460 
VS, 670- 1,200 835 810 
Sl; 490- 1.150 690 675 
VS, 720. 1.400 965 950 
Sli 650- 1,300 770 755 
VS, 860- 1.300 1,260 1,235 
Sl, 720. 1.500 1.050 1.010 
VS, 1.400. 2:300 2.000 1.950 
811 850. 1.845 1.545 1.500 
VS; 1.700. 2.900 2.500 2.460 
Sl; 1.400. 2.450 1.950 1910 
FL 10.500.13.500 12.750 12.750 
VVS, 6.600. 7.900 7.500 7.200 
VS, 3.400. 5200 4.200 4.120 
vs: 2.400. 4.800 3.300 3.300 
Sh 2.000. 3,800 2.600 2.600 


‘Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; and G- I- traces of color. 
Clarity: FL—no blemishes; VVS,—very, very slightly included; VSj—very slightly included; VS very slightly 


included, but more visible; and Sl; —slightly included. 
SJewelers’ Circular-Keystone. V. 156, 


No. 14, Dec. 1985, p. 42; and v. 156, No. 12, Oct. 1985, p. 276. These figures 


"e a mand p of net prices that diamond dealers in various U.S. cities charged their customers during the month. 


Registry Bulletin. V. 15, No. 1, Jan. 1985. 
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Table 2.—Prices of U.S. cut colored gem stones, by size’ 


Gem stone 


Amethyst 


Citrine: sss Bit ee LIEU etae 


Zambian oo o oe k E ee ce 
Commercial, 2d quality? --- ----------------- 
Garnet, tsavor it . 


Ruby: 
Medium to better 
Commercial, 2d quality : 


Sapphire: 


edium to better]!!ʒñ L2 LLL lc l22 2l 
Commercial, 2d quality? __....____.______---- 
Eh Oe eee de aS 
;öͤ’è 0 eua ĩ LEN 8 
Tourmaline, green? n 
Tourmaline, pink* `- ----------------------- 


Medium to better quality. 
3Jewelers' Circular-Ke 


— ———— — — — mm o ee ee — — — — 


pi Median price 
ice range per 
beri per carat carat,' ? 
g in 1985 November 
1984 
SE 10 $6.50- $25 $17 
8 - 200 150 
3 10 5 20 10 
8 1 250 5.000 1.500 
. 1 250 4,000 1.400 
Ee 300 -1,600 550 
NET NE 1 175 - 500 125 
piece mee 1 460 2.000 1.200 
. 1 220 700 330 
EM 1 50 1.500 700 
"WERE 1 165 480 220 
NEM PM 5 150 762 
5 5 10 500 210 
C 5 50 250 132 
5 40 200 137 


ne. V. 155. No. 12, Dec. 1984, p. 44; and v. 156, No. 1, Jan. 1985, p. 52. These figures represent 


a sampling of net prices that colored stone dealers in various U.S. cities charged their cash customers during the month. 
The Gemstone Registry Bulletin. V. 2, No. 2, Jan. 1984, and v. 3, No. 1, Jan. 1985, p. 8. 
*The Gemstone Registry Bulletin. V. 17, No. 3, Feb. 28, 1986, p. 8. 


FOREIGN TRADE 


The declared customs value of U.S. im- 
ports of rough and polished natural dia- 
mond, excluding industrial diamond, was 
up slightly to $3.0 billion. Total polished 
diamond imports, principally from Israel, 
29%; India, 19%; and Belgium, 138%; were 
valued at $2.7 billion. Imports in the over- 
0.5-carat category, mostly from Israel, 30%; 
Belgium, 28%; and Switzerland, 13%; in- 
creased 7% in value to $1.1 billion. The 
value of imports in the less-than-0.5-carat 
group, mostly from India, 31%; Belgium, 
29%; and Israel, 29%; increased slightly to 
$1.6 billion. Imports of rough natural dia- 
mond, 53% from the Republic of South 
Africa, decreased 496 in caratage and slight- 
ly in value. A 5% increase in South African 
carat value, from $325 to $341, was indicat- 
ed. 
The total value of emerald imports 
decreased 10% to $139 million. The total 


value of ruby imports decreased 13% to $70 
million, and sapphire imports decreased 
15% to $71 million. Average carat values 
increased 45% for emerald to $51. Average 
carat values increased 1596 for ruby to $19 
and decreased 18% for sapphire to $19. 

Export value of all gem materials other 
than diamond increased 12% to $60.1 mil- 
lion. Of this total, other precious and semi- 
precious stones, cut but unset, were valued 
at $35.4 million; other natural precious and 
semiprecious stones, not set or cut, $12.2 
million; synthetic gem stones and materials 
for jewelry, cut, $4.1 million; pearls, natu- 
ral, cultured, and imitation, not strung or 
set, $3.6 million; and other, $4.2 million. 
Reexports of all gem materials, other than 
diamond, decreased 24% to $39.9 million. 
Reexport categories were precious and 
semiprecious stones, cut but unset, $22.9 
million; and other, $16.9 million. 
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Table 3.—U.S. exports and reexports of diamond (exclusive of industrial diamond), 


by country 
1984 1985 
Country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Expo 
Belgium-Luxembourg --- ------------------- 128,521 $65.0 179,829 $82.3 
nada uem co nor icc e 88 19,043 11.0 23,012 12.2 
f ³W¹¹ e Lee as Sh 2,153 7.1 1.763 8.3 
Germany, Federal Republic ohœ⸗œ⁰ nt 3.677 3.7 2.937 2.5 
Hong Kong ------------------------—-—- 63,320 64.8 42,302 61.7 
I ³˙¹w mw ĩ⅛²ʃ—. ĩð K 101.532 53.0 109,542 56.7 
7 ts re uU oe d ru E LA dd 29,043 54.2 31,218 46.5 
Singapore ee ⁰” 3,734 9.2 2,039 4.4 
Sweden uu eee eto ee de 9 H 21 MI 
Switzerland... 20,113 73.9 29.025 95.6 
Thailand -cni olus y y y LP I t 3,813 24 5,226 2.8 
United Arab Emirates 29 (7) Ke SES 
United Kingdom - - ----------------------- 5,707 14.2 3,966 4.0 
EE 4,468 4.4 6,865 8.3 
vk d'B 385,162 362.9 438,045 385.3 
Reexports: 
Belgium-Luxembourg - - -------------------- 21,072,640 57.4 839,257 56.7 
WT TEE 7,834 6 4,243 3 
China lac a er te ee ee LE 17,784 7 8.120 4 
Germany, Federal Republic ooo 32,530 1.5 53,318 1.6 
Hong Kong... Lo ee ee qe E m 27,244 17.6 42,021 14.0 
WGA oe eer ˙5·¹ See ae en es UE 228,205 6.5 153,323 3.9 
T.. EEN 126,400 26.3 196,743 31.4 
/// ͤ ²³˙¹·wAAA. eS 98.398 8.5 114.713 8.5 
Netherlands J 8 21.793 3.4 106.819 5.2 
Siet! ⁵ðͤv eS 110,486 46.3 41,953 41.2 
ty Riel 93.442 32.6 297.044 12.2 
Oe a as hg Sie aS 8 50,592 10.3 82,324 10.6 
RV ME 1,887,348 211.7 1,939,878 186.0 
!Less than 1/10 unit. 


* Artificially inflated in 1984 by auction of approximately 1 million carats of U.S. Government stockpile industrial 
diamond stones with subsequent reexports as gem stones to Belgium-Luxembourg and India. 


Source: Bureau of the Census. 


Table 4.—U.S. imports for consumption of diamond, by kind, weight, 


and country 
1984 1985 
Kind, weight, and country of origin Quantity Value! qun Value! 
(carats) (millions) carats) (millions) 
Rough or uncut, natural:? 
D N; Luxembourg - - -------------------- 160,100 $32.8 130,996 $32.9 
"1 r2 MINIS EE ⁰ ᷑ EE 1.431 3 280 6.6 
Cie Verde n cr ee e MN 21 60 
Colombia. ] i!(˙ſ ctc cue . Se. 216 2 E EE 
CONGO e ue lcd uu. AD 12,977 4.4 80 2 
GUVADN- V an 2.475 1 636 5 
ĩÜͤ ià⁵B—B36xm ] ⅛·˙A] mr y ebe 14.880 4.7 27,198 8.3 
Netherlands 4.675 4.1 9,643 80 
South Africa, Republic of _.........-_.--_-___ -_ 794,912 258.3 555,907 189.4 
Switzerland 7.748 7.2 15,106 10.4 
United Kingdom `... 22,125 4.6 116,601 52.0 
Venezuela uL ee et be de 34,811 2.3 21,036 8 
Ee e Bar ¼ v ĩͤ 28,163 6.9 75,309 8.9 
gy WEE EEN 1,084,513 3259 1,042,813 317.5 
Cut but unset, not over 0.5 carat: 
Belgium-Luxembourg - - - -- -- -----------—--- 1,424,655 433.6 1,466,325 444.8 
1 TE en eS M: LE RUE T pur A E 20,567 6.0 22.190 2.5 
m. utu uu y ĩ re E 38.567 5.2 19.607 6.6 
Hong Kong) VXf ] TAT Edu 100,017 20.3 146,416 39 4 
Indis n. v m ]⅛ꝛ m’ ͤkyms I . rac 3,107,794 544.8 2,667,906 486.8 
! V Se A ĩ E AE 1.113.127 399.5 1,237,123 44^ 2 
Malaysia - Ee E 21.949 1.8 17,712 6.0 
Netherlands _ oou oe Ie E xem 56.924 23.5 85.811 26.9 
South Africa, Republic ot 38,301 23.8 48.074 169 
Switzerland ``- 56,670 23.8 153,329 38.7 
United Kingdom `... 83,332 15.3 35.138 IERT 


See footnotes at end of table. 
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Table 4.—U.S. imports for consumption of diamond, by kind, weight, 


and country —Continued 
1984 1985 
Kind, weight, and country of origin Quantity Value! Quantity Value! 
(carats) (millions) (carats) (millions) 


Cut but unset, not over 0.5 carat —Continued 


DUE se eee EE ELA eee ee oe 44,030 $16.0 68,754 $22.2 
Total- -z ee ee v v ts 6,055,933 1,519.6 5,969,045 1,552.4 
Cut but unset, over 0.5 carat: 

Belgium-Luxembourg RETRO E 410,638 879.8 369,838 814.7 
Hong Kong ` „„ 13,697 22.5 ,259 37.0 
Indi uu cuu ĩð K ed hk edlen dee e e a 83,415 23.2 47,709 16.1 

S) ³ W oe ee rom 342,221 259.5 439,038 340.9 
Netherlands 32.846 33.6 34.951 35.5 
South Africa, Republic ooo!!! 61,595 89.8 76,025 11.4 
Switzerlandgdgdgdʒdddddſ c2 2c ee 56,618 134.0 46,098 148.5 
United Kingdom -~ ~- - - -------------------—-- 34,643 68.9 46,832 75.1 

EE ' x a 51.200 48.6 54,397 91.5 
ve, "MË 1,086,873 1,059.9 1,189,147 . 1,186.7 
‘Customs value. 
*Includes some natural advanced diamond. 
Leas than 1/2 unit. 


Source: Bureau of the Census. 


Table 5.—U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by kind and country 


1984 1985 
Kind and country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Emerald: 
Aer 12,474 $1.3 122 NI 
Belgium-Luxembourg . - ggg 10,092 2.8 106,895 $3.4 
JJ EEN 197,367 13.8 219,068 6.0 
Colombia. .- ------------------------——- 271,559 48.9 197,249 56.1 
a 2 0 e eser ß tM 11,456 2.5 20,928 3.8 
Germany, Federal Republic ooo 52,883 2.4 26,176 1.7 
Hong Kong ` „ 114,630 11.3 317,142 10.8 
(IT TEE 8,220,565 16.7 1,413,167 11.0 
Igriél tee 162,559 19.6 1,683 11.5 
PPFEefUͥͥͥ] ]ↄ . ⁵ ð2;AA cu 60 28,516 1.4 12,661 1.4 
Paraguay 9 a ⁵ðxid aoe eae 25,790 a) e See 
South Africa, Republic of... 3,118 1 2.486 4 
Switzerland . -------------------------—- 103,859 20.8 163,048 23.9 
TAIWAN DX eee a BSS 2,758 NI 1 OI 
Thailand EE 116,812 4.5 74,418 1.1 
United Kingdom -~ --------------------——- 20,008 4.6 20,403 2.8 
% T 8 55.709 3.9 65,916 5.1 
RK ³ ᷑ 88 4,410,155 154.6 2,741,313 139.0 
- Ruby- 
pit nc DR EE Z ĩ tant! 15,9717 1 99 0) 
Belgium-Luxembourg - - - ------------------ 14,246 1.9 11,381 1.7 
Sëll 10,712 1 18.993 (*) 
8 NOCT TONER Fa REED RN 948 2 4.701 Jl 
Frane Mac MMC REN 11,271 1.4 9,712 1.9 
Germany. Federal Republic of... 65,703 1.6 204 1.6 
Hong , nuoc unu 8 71.857 5.5 110,033 3.7 
/;·öÜ; v. v EIL ME 226.782 1.8 221.923 1.3 
Ui a a EE 99,663 2.1 42,921 1.2 
f . fe DL eu Danai ae 33,146 6 21,242 5 
Switzerland ~- ----------------------——-—— 81,943 12.6 296,877 15.6 
Thailand mud sud E ta 4,107,406 43.0 2,770,136 31.2 
United Kingdom _________________________ 1,208 6.1 3,713 6.4 
JJ CRESCENT 32,977 27 103,762 4.5 
EE 4,853,845 19.7 3,680,697 69.7 


See footnotes at end of table. 
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Table 5.—U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by kind and country —Continued 


1984 1985 
Kind and country tity Value tit Value 
carats) (millions) (carats) (millions) 
ire: 
astraliá-—— — Se Le Ree ER 13,415 $0.4 1,070 D 
RT TEE 1,186 (y 122 MI 
Belgium-Luzembourg - --------------------- 20,436 1.8 32,047 $0.9 
Bras. ceca ee ee er eee ee 18,209 1 1,424 (?) 
J V A sa ete ete ee 9,260 6 2,717 5 
Colombia. -- - ------------------------- 1,647 NI 2,057 1 
Re ei a ca Ra Rg Oi tie a ean aoe ME SENE 11,185 2.5 18,973 1.9 
Germany, Federal Republic o 67,298 1.8 028 1.2 
Hong Kong ` ggg 98,180 8.8 166,329 4.8 
India. v ↄↄↄↄ y 88 175,855 1.7 92,456 1.0 
|. EE is a od ta M ,286 1.6 56,909 1.2 
Japan- e ono x WE eL LT 45,737 1.8 50,770 8 
Korea, Republic of _._.._....-...-----.---- 22,478 1 2,664 (*) 
Singapore _---------------------------- 22,955 8 5,910 A 
Sri EE 28, 27 82,464 1.5 
Switzerlanldadadadada 87. 15.7 481. 17.0 
DA , d vii e 
nited Kingdom `... A . 
Other is ie ↄ . ee $2,816 2.3 72,000 1.0 
Sl! 8 3,678,378 83.0 3,827,769 70.8 
Rough, 
uncut: 
A 7 no ͤ ric a 1.9 1.5 
Belgium-Luzembourg ------------------- A (è) 
Brazil ...... Sone Sooo K 14.0 14.0 
Canada re Bo Ee 1 (è) 
e S " 
ong TEE 
EE NA = NA e 
South Africa, Republic of _________----___- 1.6 2 
e . 5 1 
Zambie rac ee eee A 3 
% eG y 8 2.3 4.8 
Total oro . 8 NA 85.8 NA 33.1 
Cut, set and unset: 
ustralia . nl o 8 28 4.1 
ROREM ER cS cea ee SEIEN RE A $2.7 10.5 
J ⁵ 0 ĩ K PUR 1.3 1.0 
China eec CECI ES 5.0 4.5 
Germany, Federal Republic of o 12.0 12.3 
Hong Kong- - 92. pcc 20.4 29.5 
India: o al capice e NA 6.1 NA 52 
))ôö;—(e 240.7 200.9 
Switzerland |... ccc. c.l. 7 4.7 
J:: 0 ⁊ y uc uM ML nU 5.4 6.2 
2222 Pk 8 28 3.4 
United Kingdom `... 1.5 1.7 
TEENS AES ERN ERO 5.6 12.6 
J%7õ§öê1 0m. 2 iV NA 831.0 NA 296.6 
NA Not available. 
Lees than 1/10 unit. 


Source: Bureau of the Census. 
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Table 6.—Value of U.S. imports of 
synthetic and imitation gem stones, 
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including pearis, by country 
(Million dollars) 
Country 1984 1985 
Synthetic, cut but unset: 
Austri un! "n ue 
j ER Es Ao Ra hoa Sedma 4 : 
Germany, Federal Republic of.. _ . 24 2 
Korea, Republic alo --- aa 9.4 7.1 
Switzerland. did 3.6 2.2 
ae (( 2 1.7 1.4 
Total `- toss dis 23.8 17.6 
Imitation: 
Austria .-- 5322525225526 17.4 23.0 
Czechoslovakia... _ --------- 1.8 1.7 
Germany, Federal Republic of- 6.0 8.9 
Japan. nx e E 4.5 6.3 
Gebe 27 36 
CCC 32.4 43.5 


Source: Bureau of the Census. 


Table 7.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


Se 1984 1985 
Tem Quantity Value Quantity Value 
Diamonds: 
or uncut! o ee ee a ee ee 1,085 825,851 1,048 817,584 
Cut but unset EEN 7,143 2,579,466 7,108 2,689,178 
Emeralds: Cut but unaeẽ „„ 4,410 154,644 2,741 139,045 
Coral: Cut but unset, and cameos suitable for use in jewelry NA 3,120 NA 2,224 
Rubies and sapphires: Cut but unset _ „ 8,532 162,671 7.509 140,618 
Maire ð y ee ee NA 152 NA 256 
Pearls: 
Natural 225525322424 see eo Aui eius D aO NA 2,823 NA 2.997 
/ ⁵⁰ↄ ⁰ xd NA 240,439 NA 228,004 
Imitation ... eee NA 6,171 NA 8,396 
Other precious an . stones: 
Rough, uncut. kt NA 35,792 NA 33,168 
Gei set and unset . c -------------------- NA 90,421 NA 63,070 
Cut but uns 52,484 21,368 52,164 17,590 
HE NA 2,410 NA 2,457 
Imitation gem stones __ LLL ~~ ee NA 26,182 NA 35,333 
Total bess ooo Sots ee ete Ge tells ie XX 8,651,516 XX 8,679,920 
NA Not available. XX Not applicable. 
‘Includes 2,084 carats of other natural diamond, advanced, valued at $700,100 in 1984, and 630 carats valued at 
$1,062,100 in 1985. 
indo | in thousands of stones. 
Source: Bureau of the Census. 


WORLD REVIEW 


De Beers Consolidated Mines Ltd.'s sales 
in 1985 through the Central Selling 
zation were estimated to be $1.8 billion 
compered with $1.61 billion in 1984. Second 
half 1985 sales were unusually strong. Sales 
of colored gems also did very well. 

Emeralds were produced in Australia, 
Colombia, Mozambique, Pakistan, the Re- 
public of South Africa, the U.S.S.R., Zam- 
bia, and Zimbabwe. Sapphires were produc- 


ed in Australia and Sri Lanka. Aquama- 
rines were produced in Brazil and in very 
minor amounts in several other countries. 
Australia.—Argyle Diamond Mines Joint 
Venture produced a total of about 17 mil- 
lion carats from its alluvial operation before 
the operation was closed in October. The 
second phase, production from the AR) 
kimberlite pipe, commenced on schedule in 
December. The firm estimated that the 
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AK-1 deposit would produce about 25 mil- 
lion carats per year for about 20 years. 

Botswana.—The new Jwaneng Mine 
expanded its diamond production. While 
mining was centered in the middle lobe, 
stripping proceeded on the northeastern 
lobe. The ore grade increased by 23% at the 
Jwaneng Mine, by 30% at the Letlhakane 
Mine, and by 8% at the Orapa Mine. 

Burma.—The Ministry of Mines carried 
out exploration for diamonds by test pitting 
and drilling. It discovered 68 diamonds with 
a total weight of 65.31 carats in the period 
April 1, 1984, to December 31, 1984. Most of 
these were industrial diamonds. 

Demand for Burmese rubies, particularly 
the bright red, continued to be strong. Very 
little material of comparable quality was 
available from other producers, such as 
Kenya, Tanzania, and Pakistan, in 1985. 
Rubies from Afghanistan were comparable 
but their availability was limited. 

Guinea.—Diamonds from the Aredor 
project reached the New York market in 
midyear after some delay caused by adverse 
mining conditions. Société Mixte Aredor- 
Guinea was granted the sole right to ex- 
plore and mine within its concession. Prior 
to this, private Guinean citizens could also 
mine in the concession. The private sector 
partners will market all the diamonds until 
the loans are paid off, after which the 
Government of Guinea will have the right 
to sell 30% of the rough gem diamonds and 
50% of the rough industrial diamonds. The 
project was scheduled to produce from 
250,000 to 500,000 carats per year.? 

India.—The Indian diamond industry 
was almost exclusively dependent on im- 
ports of rough diamonds because domestic 
production usually totals under 15,000 car- 
ats. Imports of rough diamonds for Indian 
fiscal year 1983-84 totaled 28.4 million car- 
ats, the bulk of which came from De Beers. 
India’s efforts to import diamonds directly 
from producers was of limited success. Some 
direct imports from Botswana, Ghana, and 
Sierra Leone were arranged. Indian exports 
of cut and polished diamonds for Indian 
fiscal year 1983-84 totaled 5.65 million car- 
ats, making India the world’s leading dia- 
mond exporter, and diamonds India’s larg- 
est single export item. Nearly 45% of the 
diamonds was exported to the United 
States. Japan was the second largest buyer, 
accounting for 11%, much less than that of 
the United States. 

In response to foreign competition, the 
Indian industry announced plans to intro- 
duce foreign technology and machinery into 
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what had been a cottage industry and was 
considering the production of sawn dia- 
monds. The Government of India reduced 
duties on diamond cutting machinery and 
tools. Plans for a public-private joint ven- 
ture to build a 1,800-acre self-contained 
diamond industrial park in Surat were 
announced. 

India opened its first diamond exchange 
in Bombay on February 25. Titled the Bha- 
rat Diamond Bourse, it enrolled 150 mem- 
bers and provided them with customs clear- 
ance facilities and a vault for storing con- 
signments. 

The Government of India staged a series 
of income tax raids on diamond traders to 
seize records and diamond stocks as a part 
of its overall campaign against Government 
corruption and the underground economy. 
The industry responded by stopping all 
rough diamond imports and closing down 
operations. After a month of negotiations 
between the Government and the industry, 
activity resumed.‘ 

Israel.—Imports of rough diamonds in 
the period January-October 1985 were $919 
million, up 28.4% over the same period in 
1984. Exports of cut and polished diamonds 
in the period January-October 1985 were 
$1,084 million, up 20.4% over the same 
period in 1984. 

Namibia.—The Government-established 
Thirion commission of inquiry that had 
been investigating allegations of corruption 
and misappropriation of funds in the dia- 
mond industry for several years obtained 
evidence that the Diamond Board had not 
been exercising its regulatory powers over 
diamond mining as was originally intended. 
Interest centered on the alleged serious 
undervaluation of taxable diamond exports 
and on the excessive depletion of reserves in 
the diamond deposits. The Thirion commis- 
sion’s major purpose was to recommend 
ways of obtaining a greater degree of gov- 
ernmental control over the mining indus- 
try. 

Pakistan.—The Pakistani Federal Bu- 
reau of Statistics reported that $1.5 million 
worth of gem stones was exported in the 
latest period, the fiscal year 1983-84, mainly 
to Hong Kong, the Federal Republic of 
Germany, the United States, and the Unit- 
ed Kingdom. The exports, by type, included 
130,282 kilograms of rough emeralds and 
326 kilograms of cut emeralds, 6,062 kilo- 
grams of rough rubies and 3,912 kilograms 
of cut rubies, and 430 kilograms of rough 
sapphires and 865 kilograms of cut sap- 
phires. 
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South Africa, Republic of.—The Minister 
of Finance announced a special temporary 
surcharge of 5% over and above the 20% 
surcharge already in effect on taxes paid by 
all domestic diamond and gold mines. The 
new surcharge was added in view of mining 
profits obtained owing to the favorable 
rand-dollar exchange rate in 1984. The 
Chamber of Mines, a mining trade associa- 
tion, responded by saying that any addition- 
al profits had been absorbed by increased 
capital expenditure. 

De Beers reported about 95% of 1985 
South African diamond production, or 
about 9.7 million carats. Its Finsch Mine, 
the largest diamond mine in the Republic of 
South Africa, produced 4.9 million carats, 
and its Premier Mine produced 2.7 million 
carats. Other sources indicate that in 1984, 
73% of South African production was from 
Cape Province, 26% from Transvaal, and 
the balance from the Orange Free State. 

The Finsch Mine worked slightly lower 
grade ore, in accordance with manage- 
ment's plan. The Premier Mine experienced 
no further collapse of the gabbro sill. Inves- 
tigations indicated that retreatment of the 
mine's tailings pile appeared to be feasible, 
and the work was scheduled to begin during 
1985. 

Swaziland.—Trans Hex Co. was involved 
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with its joint venture partner, the Swazi- 
land Government, in a $5 million expansion 
of mining activity at its kimberlite pipe. 
The open pit extraction of industrial and 
low-quality gem diamonds, plus smaller 
amounts of good-quality gems, was expected 
to last at least 8 years. The expansion in 
capacity was expected to go on-stream in 
October 1985. 

Zaire.—Société Miniére de Bakwanga 
(MIBA) produced 6,896,000 carats in 1984 
and exported 6,902,000 carats worth $57.9 
million. MIBA invested $9.7 million in a 
new hydroelectric power station plus sub- 
stantial sums on geological exploration and 
research, modernization of workers’ hous- 
ing, and improving the security of the 
operations. 

Zambia.—The Government instituted 
new regulations on emerald mining in 1984, 
which were implemented in 1985. Pros- 
pecting and mining licenses must be obtain- 
ed from the Ministry of Mines. Any compa- 
ny seeking a license must form a joint 
venture with the Government-owned Re- 
served Mineral Corp. holding a 55% majori- 
ty of the shares. Several dozen local cooper- 
atives have obtained licenses. The army and 
police have removed and will continue to 
remove illegal diggers from the emerald 
area until Reserved Mineral's new security 
service can take over completely. 


TECHNOLOGY 


Sumitomo Electric Co. perfected a tech- 
nique for the mass production of large 
industrial diamonds from graphite. The 
graphite was subjected to ultrahigh pres- 
sure in the range of 50,000 to 60,000 at- 
mospheres at a temperature of 1,400° C to 
1,600° C for 100 hours. Attaining this criti- 
cal temperature and pressure on a consist- 
ent basis was difficult, but was achieved. 
Heretofore, only small-sized diamonds could 
be mass produced. The firm planned to 
underprice natural diamond slightly and 
make its sales mainly to the semiconductor 
and precision toolmaking industries. Al- 


though the firm had no immediate plans for 
the production of gem diamonds, this break- 
through could clearly result in the produc- 
tion of gem diamonds in the near future.* 


‘Arkansas Gazette. Texas Firm Willing To Spend $2 
Million on Tests at Crater of Diamonds. Oct. 12, 1985. p. 2. 

"Industrial Minerals (London) World of Minerals. 
No. 220, Jan. 1986, p. 8. 

3Jewelers' Circular-Keystone. Upfront. V. 156, No. 6, 
Apr. 1985, p. G. 

*Shor, R. What if India Offers Quality Diamonds at 
Bargain Rates? Jewelers’ Circ.-Keystone, v. 155, No. 8, 
June 1985, pp. 187-201. 

"industriel Minerals (London) Synthetic Diamond 
Breakthrough. No. 213, June 1985, p. 10. 


Gold 


By J. M. Lucas! 


Weak gold prices during 1985 did not 
appear to have appreciably lessened explo- 
ration and development activity for new 
gold deposits both in the United States and 
in the rest of the world. 

Domestic gold production, at nearly 2.5 
million ounces,? reached its highest level 
since 1942. Substantial increases in produc- 
tion were registered in Australia, Brazil, 
Colombia, Japan, New Zealand, and Papua 


New Guinea. 

Overall world gold consumption remain- 
ed steady, with increased demand for gold 
jewelry offsetting declines in other sectors. 
The supply of new gold to the market 
decreased from that of 1984 as central 
banks and government-controlled investor 
institutions became net buyers of gold in- 
stead of net sellers. 


Table 1.—Salient gold statistics 


1981 1982 1983 1984 1985 
United States: 
Mine production thousand troy ounces. _ 1,379 1,466 T2,008 72,085 2,475 
Vale thousands. . $633,918 $550,968 "$849,071 "$751,833 $786,345 
Percen derived from: 
Precious metals ore 71 80 83 81 93 
Base-metal ore 27 17 14 11 5 
7J7%ôöÜ?x yt ee ee 2 3 8 2 2 
Refinery production: 
Domestic and foreign ores 
d troy ounces. _ 805 719 892 "764 620 
~ Secondary (old scrap) / do- 1.610 1,444 1,380 1,310 1,215 
ports: 
Refine do- 5.238 1,637 1,881 8,482 2,888 
)); do- 1.199 1,333 1,258 1,499 1,078 
Imports for consumption: 
fined EE do ... 4,164 4,238 8,599 6,032 6,361 
Other. Aë ð d do- 488 682 994 1,837 1,865 
Gold contained in imported coins do. ... 2,612 2,908 1,948 2,169 2,064 
Net deliveries from foreign stocks in Federal 
Reserve Bankkkk do... 1,181 1,330 -220 881 484 
Stocks, Dec. 31: 
Industry! /: do- 776 628 "765 
Futures exchangne do 2,449 2,303 2,530 2,959 2,110 
Department of the ury: 
Gold medallion sales do- 189 68 684 419 48 
Olympic gold coin sales do... = Be es 3156 24 
Consumption in industry and the arts do- 3,276 3,428 3,061 78,164 8,100 
Price:* Ave per troy ounce ____________ $459.64 $375.91 $424.00 $360.66 $317.66 
y Exo pioymen OM RR MF 8 7,500 6,800 76.500 76.900 6,900 
orld: 
Mine production thousand troy ounces__ 141.250 743,127 44,996 946,408 *48,217 
Official reserve? million troy ounces_ _ 1,150.0 1,145.1 1,143.0 1,142.1 1,148.8 


*Estimated. Preliminary. "Revised. 


1Unfabricated refined gold held by refiners, fabricators, dealers, and U.S. Department of Defense. 


Sales program began July 15, 1980. 


Includes coins sold in 1982 and 1983 for delivery in 1984. 


*Engelhard Industries quotation. 
Mine Safety and Health Administration. 


*Held by market economy country central banks and governments and international monetary organisations. Source: 


International Monetary Fund. 
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Table 2.—Volume of U.S. gold futures trading 


(Million troy ounces) 
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Exchange Location 
Chicago Board of Tradle Chicago 
Commodity Exchange Ine New Vork 
International Monetary Market! Chicago 
Mid America Commodity Exchange MENDES ENS 


1A division of the Chicago Merchantile Exchange. 


1981 1982 1983 1984 1985 
1.47 1.96 10.15 9.73 5.42 
1,041.67 1,212.40 1,038.28 911.55 788.40 
251.82 153.35 99.40 88 (3) 
15.59 12.73 11.59 2.02 1.04 
ee. 1,310.55 1,380.44 1,159.42 924.18 794.86 


Less than 1,000 ounces traded. Trading ceased July 10, 1985. 


Domestic Data Coverage.—Domestic 
mine production data for gold are developed 
by the Bureau of Mines from two separate, 
voluntary surveys of U.S. operations. Typi- 
cal of these surveys is the lode-mine produc- 
tion survey of gold, silver, copper, lead, and 
zinc mines. Of the 136 lode gold producers 
in operation to which a survey request was 
sent, 83% responded, representing 85% of 
the total lode-mine production of gold 
shown in tables 6 and 7. Production for the 
nonrespondents was estimated, using re- 
ported prior year production levels, adjust- 
ed by trends in employment and other 
guidelines such as company annual reports, 
the news media, and State agency reports. 

Legislation and Government Pro- 
grams.—More than 50 bills for gold and/or 
silver coins were introduced in the Congress 
in 1985; of this number, 2 were signed into 
law. The Statue of Liberty-Ellis Island Com- 
memorative Coin Act, providing for the 
minting of gold and silver coins, became 
Public Law 99-61 on July 9. On December 
17, the President signed the Gold Bullion 
Coin Act of 1985, thereby authorizing the 
U.S. Department of the Treasury to begin 
the minting of general-circulation gold 
coins. The coins, the first domestic legal 
tender gold coins to be minted in more than 
50 years, were to be minted in four sizes 
containing from 0.10 to 1 troy ounce of gold. 
The enabling legislation, Public Law 99-195, 
specifically mandated that gold to be used 
in the minting come from U.S. mines and, 
in the absence of adequate available sup- 
plies at world prices, from Treasury bullion 
reserves. 

With an executive order signed on Octo- 
ber 1, the President banned imports of 
South African gold Krugerrand coins. The 
prohibition became effective on October 11, 


1985.3 

March 1 marked the completion of the 
Department of the Treasury’s gold medal- 
lion sales program begun in mid-1980 and 
developed to reduce the outflow of US 
dollars to foreign gold-coin-producing coun- 
tries. During the life of the program, over 
1.7 million ounces of gold in medallion form 
were sold. Legislation to extend the pro- 
gram for another 5 years was pending in the 
Congress. 

On October 4, 1985, the Environmental 
Protection Agency (EPA) issued final rules 
establishing effluent limitations guidelines 
and standards limiting the discharge of 
pollutants into navigable waters and into 
publicly owned treatment works by existing 
and new sources conducting particular non- 
ferrous metals manufacturing operations. 
Included in the rulemaking were primary 
and secondary precious metals operations.“ 
Proposed effluent limitations guidelines 
and standards were issued by EPA on No- 
vember 20, under the Clean Water Act, to 
limit effluent discharges of pollutants to 
waters of the United States from existing 
and new sources in the gold placer mining 
segment of the ore mining and dressing 
industry. EPA provided an extended com- 
ment period to allow affected miners ade- 
quate time to comment. 

Several States enacted legislation in 1985 
affecting gold. On April 24, the Governor of 
Colorado approved legislation regulating 
the use of cyanide in Colorado mining 
operations.“ In Washington State on May 
21, the Governor signed legislation remov- 
ing the State’s sales tax on precious metal 
bullion and rare coins. The action was 
taken to align the State with practices in 
adjoining States and thereby discourage 
out-of-State commerce in these products.’ 


DOMESTIC PRODUCTION 


Despite lower gold prices than those of 
1984, the search for new gold deposits, the 


development of new gold mines, and the 
expansion of existing operations combined 


GOLD 


to result in yet another excellent year for 
the Nation’s gold mining industry. Nevada, 
with a 1985 gold production of over 1 mil- 
lion ounces, continued as the number one 
gold-producing State in the Nation. 

Of the 2.5 million ounces of gold produced 
in the Nation, 88% was attributed to the 25 
leading producers. The average recovery 
grade of gold ores processed from lode-mine 
sources was 0.06 ounce per short ton, while 
placer gravels yielded an average of 0.02 
ounce per cubic yard washed. 

Domestic refinery production from do- 
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mestic and imported ores, concentrates, and 
semirefined products declined from that of 
1984, reflecting, in part, a substantial de- 
cline in the processing of gold-bearing cop- 
per ores of both foreign and domestic origin. 
The production of refined gold from old 
scrap, over 1.2 million ounces, declined for 
the fifth consecutive year from the high 
production level set in 1980, a year when 
historically high prices for precious metals 
attracted a large volume of scrap to the 
market. 


Table 3.—Mine production of gold in the United States, by State 


(Troy ounces) 
State 1981 1982 1983 1984 1985 
f ³—W Á— — 1 80,518 89,523 719,488 44,133 
Am-waos x 100,839 61,050 61,991 54,897 62,068 
Californian 6,271 10,547 88,443 85,858 165,101 
Colorado 51.069 58. 63,063 60,010 48,301 
Michaunnn = “i = il 
Montana ...---------------- 54,267 15171 161,436 181,190 160,262 
Nevada — ul cour uod 524,802 751,099 7960,67 r1, 1,276,114 
New Mexico 66,7 W 45,045 
EE W 822 W 
Carolina » £n E — W 
South Dakota 278,162 185,088 809,784 $10,527 856,108 
Tennessee id SEH A m 
Utah o ³˙¹ K 221,106 174,940 238,459 W 185,489 
Washington w W wW W 
Total oe ee 1,879,161 1,465,686 2,002,526 72,084,615 2,415,436 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 


Alaska.—Mineral exploration activity de- 
clined sharply in 1985, as indicated by a 
59% reduction in expenditures directed to- 
ward exploration for all commodities, in- 
cluding gold. The decreased exploration ac- 
tivity was reportedly due to low base metal 
prices and budget cuts by several major 
mining companies that eventuated in some 
companies terminating their Alaska oper- 
ations. Although overall expenditures for 
mineral development in Alaska declined, 
the largest increase registered, 1196, was 
directed toward the development of placer 
and lode gold projects. Gold production 
reported to the Bureau of Mines from Alas- 
kan producers was nearly 45,000 ounces, 
compared with 19,433 ounces (revised) re- 
ported for 1984. However, an informal an- 
nual survey of Alaskan gold producers be- 
gun in 1981 and continued in 1985 by the 
Alaska State Division of Geological and 
Geophysical Surveys (DGGS) again suggest- 
ed that a much larger total may have 
actually been produced. The State's survey 
indicated that about 190,000 ounces was 
recovered; this figure compares with simi- 
larly derived figures for 1982, 1983, and 


1984 of 174,900, 169,000, and 175,000 ounces, 
respectively. The value of 1985 production 
was estimated by the State at $61 million, 
compared with about $68 million for 1984, 
and nearly $68 million for 1983. The lower 
1985 value reflects again, as in recent years, 
gold's lower price, rather than reduced 
production. 

Of the total indicated by the DGGS sur- 
vey, an eetimated 188,500 ounces of gold 
was produced by 266 placer mines operating 
in the State during 1985, an increase of 8% 
over 1984 estimated production. This in- 
crease, despite there being 15 fewer active 
operators, occurred primarily as a result of 
heightened activity at 4 large placer mines 
that together produced nearly 65,000 ounces 
of gold. Valdez Creek Mining Co. Inc.'s 
Valdez Creek Mine, for example, near An- 
chorage and the Denali Highway, increased 
output by over 10,000 to nearly 30,000 
ounces. Low gold prices, regulatory re- 
straints, water shortages, and exhaustion of 
reserves reportedly contributed to a slight 

in production by the remaining 
operators. Environmental problems associ- 
ated with placer mining were dominant. 
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Increasingly aggressive enforcement by 
State and Federal environmental regulato- 
ry agencies continued to involve greater 
numbers of operators. 

Efforts by Alaska’s placer miners to im- 
prove the quality of the process water 
discharged by their operations have in some 
instances resulted in a sharp increase in the 
amount of fine gold recovered. At several 
operations, technical innovations financed 
by the State’s 1984 Placer Mining Demon- 
stration Grant project resulted in both bet- 
ter gold recovery and cleaner water. The 
project, which had its first field demonstra- 
tions in 1985, awarded $2.7 million to quali- 
fying miners; the focus was on fine gold 
recovery, water-use reduction, water-pol- 
lution control, and waste disposal. The max- 
imum limit for an individual grant was 
$100,000, but miners could obtain a grant 
from both the Division of Natural Resources 
and the Department of Environmental Con- 
servation. 

At Klag Bay on Chichagof Island, south of 
Juneau, Queenstake Resources U.S.A. Inc., 
Vector Mining Co., and Exploration Ven- 
tures Co., which together form the Chicha- 
gof Joint Venture, concentrated their ef- 
forts on a two-phase underground drilling 
and drifting program at the old Chichagof 
gold mine, formerly one of Alaska’s richest 
producers of lode gold. The partners budget- 
ed $10 million for an accelerated develop- 
ment program in 1986. During the summer 
of 1985, Echo Bay Mines Ltd., of Edmonton, 
Alberta, Canada, acquired options from 
Barrick Resources Corp. to explore the 
Alaska Juneau (AJ) Mine near Juneau and 
the Treadwell Mine on nearby Douglas 
Island. Echo Bay intends to examine the 
feasibility of reopening these two former 
gold producers. The Planning Department 
of the City and Borough of Juneau con- 
ducted public hearings regarding its propos- 
ed Comprehensive Mining Ordinance aimed 
at regulating mining in areas within its 
jurisdiction, including both the AJ and the 
Treadwell. Debate on the issue continued 
through yearend. 

Silverado Mines Ltd. and its partners Tri- 
Con Mining Inc. and Aurex Inc., a subsid- 
iary of Marubeni American Corp., following 
delineation of new reserves and under- 
ground rehabilitation work, completed con- 
struction of a new 230-ton-per-day mill at 
the Grant Mine in midyear, and both the 
mill and mine began operations in October. 
At the end of December, however, Aurex 
withdrew from the project, reportedly be- 
cause operating results were below its ex- 
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pectations; Silverado then suspended all 
operations. The company expected to re- 
open the mine at a later date. 

Between September and November, Inspi- 
ration Resources Corp. of Claypool, AZ, 
conducted test production at its major off- 
shore dredging operation, about 12 miles 
west of Nome. The mining rights were 
acquired earlier from Powerco Resources 
Corp. following its 1984 testing in the lease 
area. The company planned to begin full- 
scale dredging in 1986 at a rate of about 
6,000 cubic yards per day. Onshore near 
Nome, Alaska Gold Co., the Northern Re- 
gion's largest producer, processed 5,300 cu- 
bic yards per day with its Dredge No. 6 from 
late May to early November. Dredge No. 5 
did not operate during the 1985 season, 
owing to a lack of thawed ground in which 
to operate. 

In the Circle mining district of the East- 
ern Interior Region, Alaska's largest placer 
mining camp, 40 mining companies operat- 
ed placer mines during the year. In the 
same district, Gold Dust Mining Co. placed 
into operation its jig recovery system that 
was manufactured in the Netherlands and 
transported to the site. The efficiency of the 
plant, employing a series of screens and jigs, 
exceeded company expectations, requiring 
up to 70% less water usage plus substantial 
recovery of fine gold in the 120- to 400-mesh 
range. 

To the southwest, in the Mount McKin- 
ley-Denali area south along the Alaska 
Range, a number of mines were affected by 
court decisions voiding earlier National 
Park Service approvals of the Kantishna 
miners' operation plans. Overall, about 30 
mines in " Alaskan National Parks were 
affected by the rulings, although most were 
able to complete the 1985 season. 

West of Circle at Livengood, Livengood 
Placers Inc., 80% owned by Callahan Min- 
ing Corp., regained control of its placer 
property following the 1983 bankruptcy of 
the former lessee. During 1985, under an 
arrangement with the bankruptcy trustee, 
Livengood's contractor, Alaska Placer De- 
velopment, did further cleanup on gravel 
left in the pit. Livengood continued to study 
alternatives for automated underground 
mining of the gold-bearing gravels on the 
property. Developments in Alaska were 
summarized in a draft report prepared by 
the DGGS.* 

Arizona.—The production of gold in Ari- 
zona declined 5% from that of 1984, owing 
primarily to the continued decline in the 


GOLD 


production of gold-bearing ores at Arizona 
copper mines. Several precious metals min- 
ers in the State were affected by the year’s 
weaker metals prices. After 4 years of 
pursuing ore bodies capable of being quickly 
and inexpensively brought into production, 
Phelps Dodge Corp. announced the closing 
of its Small Mines Div. Cumulative produc- 
tion by the division during its period of 
existence amounted to about 14,100 ounces 
of gold and 492,700 ounces of silver, with 
most of the production derived from small 
deposits in Cochise and Greenlee Counties. 
Tombstone Exploration Inc., following ter- 
mination of mining operations in 1984, filed 
a bankruptcy petition under chapter 11 of 
the Federal bankruptcy laws. Posting debts 
of more than $350,000, the company indicat- 
ed that the filing was a direct result of 
lower market prices for precious metals. 

Exploration activity, although considera- 
bly less than that reported in recent years, 
continued, nevertheless, to be focused both 
on those many areas of the State where gold 
has been produced in the past as well as on 
those less well-explored areas, especially in 
western Arizona, where the potential for 
the discovery of detachment-hosted-type 
gold deposits, such as those recently recog- 
nized in Imperial County, CA, appeared to 
be geologically favorable. Cyprus Minerals 
Co. completed drilling its new Copperstone 
gold deposit at the north end of the Dome 
Rock Mountains near Parker in La Paz 
County. This detachment-hosted deposit 
was undergoing feasibility studies at year- 
end. 

Although & number of old gold mines in 
the State's historic mining districts contin- 
ued to be actively explored, there were 
others where work was curtailed owing to 
low metals prices. The interest of several 
companies appeared to be concentrated on 
old districts in the Bradshaw Mountains 
near Prescott in Yavapai County. The old 
lode and placer deposits formerly mined in 
the Big Bug District, east-southeast of 
Prescott, appeared to have garnered the 
attention of a number of companies. Joint 
venture partners Stan West Mining Corp. 
and Santa Fe Mining Inc. were reportedly 
pursuing interests around the old McCabe 
Mine. To the west, a few miles north of 
Congress, in Yavapai County, Echo Bay 
Inc., a subsidiary of Echo Bay Mines Ltd., 
completed a limited drilling program begun 
in 1984 on the old Congress Mines property. 
The company concluded at yearend that 
prevailing gold prices could not justify 
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reopening the mine. In Yavapai County, 
near Wickenburg, McFarland & Hullinger, 
of Tooele, UT, and Global Energy Ltd., a 
Nevada corporation, reportedly had begun 
development at the old Oro Grande Mine. 

California.—Gold mine developments in 
the State gained momentum in 1985 as 
several projects under construction develop- 
ment during the past 3 to 5 years commenc- 
ed production or reached the final phase of 
development. These developments were re- 
flected in the State's reported annual gold 
mine production, which nearly doubled in 
1985, and had risen from about 4,100 ounces 
in 1980 to about 165,000 ounces in 1985. 
Capacity due on-stream in 1986 could more 
than double production in 1986 over that of 
1985. 

Following the discovery of its ore body in 
1979 in a geological setting where previous 
gold exploration proved to be unproductive, 
the new McLaughlin Mine of Homestake 
Mining Co. poured its first bar of gold doré 
on March 4, 1985. The new mine and its 
attendant milling and administrative facili- 
ties is 60 miles north of San Francisco. At 
yearend, the new mine was approaching its 
design capacity of 1,050,000 tons per year, or 
3,000 tons per day. From the pouring of the 
first bar through yearend, the mine pro- 
duced 83,836 ounces of gold, including 4,922 
ounces from ore mined in the preproduction 
period. The average cost of production was 
$422 per ounce. This high unit cost princi- 
pally reflected startup costs. McLaughlin 
broke even in the fourth quarter of 1985 at 
a production cost of $322 per ounce. The 
mine was expected to achieve its design 
tonnage throughput early in 1986. The new 
$250 million facility was expected to yield 
200,000 ounces of gold per year over the 
next 25 years; it represents the largest gold 
discovery in California in the 20th century. 

Six miles north of Glamis, in Imperial 
County, Gold Fields Mining Corp., a wholly 
owned subsidiary of Consolidated Gold 
Fields PLC, of the United Kingdom, receiv- 
ed final official approval in February 1985 
to proceed with the final phases of construc- 
tion at its Mesquite project. The new open 
pit, heap-leaching facility was scheduled to 
begin gold production in February 1986 at 
an expected annual rate of 130,000 to 
160,000 ounces of gold, with cash costs, in 
1985 terms, to be about $200 per ounce. The 
crushing plant commenced shakedown op- 
erations in October; leaching was expected 
to commence in January 1986. Ore was to be 
mined, prepared, and leached at a rate of 2 
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to 3 million tons per year. In November, the 
company announced that while develop- 
ment of the mine was under way, drilling in 
the vicinity of the mine to delineate addi- 
tional reserves resulted in the discovery of 
three additional deposits bearing a geologi- 
cal similarity to the Mesquite deposit. Pre- 
liminary data on the new deposits indicated 
reserves of about 1.9 million ounces. The 
deposits are all near enough to the Mes- 
quite facilities to be economically processed 
there. 

At the Picacho Mine, east of Mesquite 
near the Picacho State Recreation Area on 
the Colorado River, Glamis Gold Ltd. of 
Vancouver, British Columbia, Canada, 
through its U.S. subsidiary Chemgold Inc., 
of Yuma, AZ, reported production of 28,000 
ounces of gold in 1985. Gold production has 
increased significantly during each of the 3 
years that this open pit, heap-leaching facil- 
ity has operated. To the north, near Rands- 
burg in Kern County, 125 miles northeast of 
Los Angeles, Chemgold continued work at 
its 1,000-acre Yellow Aster property. Air- 
track percussion drilling in the LaMonte 
discovery zone resulted in establishing re- 
serves of nearly 500,000 tons, grading 0.062 
ounce per ton. Estimated proven, probable, 
and percussion-drilled probable reserves at 
the Yellow Aster amounted to over 8 mil- 
lion tons averaging 0.028 ounce of gold per 
ton. 

Also in Kern County, Cactus Gold Mines 
Co., a joint venture between CoCa Mines 
Inc. and Ventures Trident L.P., was report- 
edly moving forward with construction and 
preproduction stripping at a small high- 
grade gold deposit. The planned open pit, 
heap-leaching operation was reportedly ex- 
pected to produce about 30,000 ounces annu- 
ally beginning in 1986. 

Eastward into San Bernardino County, 
Amselco Minerals Inc., a subsidiary of Brit- 
ish Petroleum Corp. Ltd., was reportedly 
exploring the old Colosseum Mine, in the 
Clark Mountains near the Nevada border. 
A few miles to the south, Vanderbilt Gold 
Corp., following a brief hiatus in 1984, 
resumed production at its open pit-under- 
ground Morningstar Mine at Ivanpah 
Mountain. Gold and silver were recovered 
using heap leaching. Full gold production at 
a rate of about 2,500 ounces per month 
reportedly was expected to be reached dur- 
ing early 1986. To the west, near Edwards 
Air Force Base, Beaver Resources Inc., in 
partnership with Agean Resources Inc., a 
subsidiary of Glamis Gold, continued explo- 
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ration, development, and test leaching at its 
Kramer Hills property. To the north, just 
south of the Nevada Weapons Center, 
Queenstake Resources Ltd., of Vancouver, 
Canada, concentrated exploration efforts at 
its Argus project toward evaluating the 
potential for heap-leachable, open pit re- 
serves at three vein systems defined during 
its 1984 mapping and sampling program. 
Sampling was conducted both over and 
within the existing workings of several old 
gold mines. Drilling and trenching was also 
performed. Many of the properties in Impe- 
rial, San Bernardino, and Kern Counties 
are believed to be detachment-type deposits 
related to regional low-angle thrust fault- 


ing. 

Considerable activity continued to be 
centered around the numerous old mines 
within California’s famous Mother Lode 
District. Near Angel's Camp in Calaveras 
County, Carson Hill Gold Mining Corp., a 
subsidiary of Grandview Resources Inc. of 
Vancouver, Canada, elected to proceed with 
development of its 5,000-ton-per-day heap- 
leaching operation. The Carson Hill Mine, a 
former gold producer, has open pit reserves 
of 16 million tons grading 0.046 ounce per 
ton. Full-scale plant construction and mine 
preparation were scheduled to start in early 
1986, with first gold recovery expected to 
start in mid-1986. A drilling program to 
extend the known ore body limits was under 
way at yearend. 

To the south, corporate members of the 
ABM Mining Group Inc., also of Vancouver, 
pursued development at their Jamestown 
Mine in Tuolumne County and Pine Tree 
Mine in Mariposa County. Both properties 
were under development at sites formerly 
hosting producing gold mines. The James- 
town Mine of ABM’s subsidiary, Sonora 
Gold Corp., was scheduled to begin produc- 
tion in late 1986 at a rate of 130,000 ounces 
per year. ABM’s Goldenbell Resources Inc. 
was to begin construction at the Pine Tree 
Mine in late 1986, with startup expected to 
take place in late 1987. Production was 
expected to be 75,000 to 100,000 ounces per 
year. Another ABM affiliate, Inca’ Re 
sources Inc., pursued development at its 
Rich Gulch property, 22 miles west of Quin- 
cy in Plumas County. Production there was 
expected to begin in 1987. Also in Plumas 
County, Calgom Mining Inc. began full 
commercial production at its open pit, heap- 
leaching operation near Canyon Dam. The 
new mine, known as the Goldstripe, is a 
venture between NCA Mineral Inc., of Van- 
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couver, and Calgom, a subsidiary of Sunbelt 
Mining Co., a wholly owned division of the 
Public Service Co. of New Mexico. Ore was 
being processed at the full planned capacity 
of 1,600 tons per day. Production was esti- 
mated to be about 20,000 ounces per year. 
To the south, in Sierra County, Brush Creek 
Mining & Development Co. Inc. continued 
production and development at its under- 
ground Brush Creek Mine and was 

ing with preparations to open two other 
nearby properties, the Gardner's Point 
Mine and the Gold Point Mine. 

At its placer gold dredging operation near 
Marysville and the Yuba River, Yuba Plac- 
er Gold Co., a joint venture between Yuba 
Natural Resources Inc. and St. Joe Gold 
Co.'s Placer Service Corp, recovered about 
23,000 ounces of gold during the fiscal year 
ending on October 31, an increase of 7,300 
ounces over that of 1984. At yearend, the 
company was studying the feasibility of 
increasing the capacity of its dredge, the 
deepest digging gold dredge in the market 
economy countries. Numerous smaller 
dredging and placering operations were ac- 
tive in the State during the year. 

Colorado.—In March, the State's largest 
gold producer, the Sunnyside Mine at Sil- 
verton, ceased mining and milling oper- 
ations following financial difficulties stem- 
ming from low metals prices and the March 
1984 decision by the mine's operators, 
Standard Metals Corp. of New York, to file 
for protection from its creditors under chap- 
ter 11 of the Federal Bankruptcy Code. In 
September, following approval by a Federal 
bankruptcy court, Standard Metals agreed 
to sell its interest in the mine to Echo Bay 
Mines Ltd. By yearend, Echo Bay was in the 
process of refurbishing the mine and ex- 
pected to resume production by mid-1986. 
Echo Bay reportedly will operate the mine 
under the name of Sunnyside Gold Corp. 
Several other gold mining facilities in Colo- 
rado reportedly suspended operations in 
1985. They include the joint operations of 
Hampton Gold Mining Areas PLC and Cen- 
tennial Gold Corp. in Craig County; the 
Crystal Hill Mine and heap-leaching facility 
of Draco Mines at LaGarita; and Nerco 
Minerals Co.’s Victor Mine near Cripple 
Creek. At the Victor Mine, a joint venture 
between Nerco and Silver State Mining 
Corp. Nerco concentrated on renovating 
and expanding the mine's facilities to in- 
crease production. Limited production be- 
gan during the last half of 1985 to test the 
new improvements; 6,000 and 2,000 ounces 
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of gold and silver, respectively, were pro- 
duced. 

Galactic Resources Ltd., of Vancouver, 
was at yearend moving rapidly toward com- 
pletion of construction at its large Summit- 
ville gold mine in the San Juan Mountains. 
The new Rio Grande County open pit, heap- 
leaching operation was due on-stream in 
early 1986 at a planned annual rate of 
about 120,000 ounces per year. Near Boul- 
der, Cosmos Resources Ltd., of Vancouver, 
and the Steen family completed construc- 
tion of their 50-ton-per-day mill and devel- 
opment of the underground workings at the 
Cash Mine at Gold Hill. Production of 
telluride ore was begun toward yearend. 
Cobb Resources Corp., of Albuquerque, NM, 
continued development work at its London 
Mine venture near Fairplay in Park Coun- 
ty. Toward yearend, Cobb was negotiating 
with Houston Natural Gas Co. (HNG) to 
acquire HNG's 50% interest in the venture 
following HNG's earlier decision to concen- 
trate its interests outside of hard minerals. 
Production was expected to begin in the fall 
of 1987. 

In the Cripple Creek District, Cripple 
Creek and Victor Gold Mining Co., a joint 
venture between Texasgulf Minerals and 
Metals Inc. and Golden Cycle Gold Corp., 
began limited heap-leaching operations on 
approximately 3 million tons of old mine 
dumps within the district. The company 
also conducted an exploration drilling pro- 
gram on selected properties controlled by 
Texasgulf in the Cripple Creek area. 

A number of former producing gold mines 
in the State underwent geological investiga- 
tion or preproduction development in 1985. 
Gerber Minerals Corp. of Denver entered 
into a joint venture agreement with two 
limited partnerships to develop the old Gold 
King Mine property near Silverton. Also 
near Silverton, International North Ameri- 
can Resources Inc. and P & G Mining Inc. 
reportedly formed a joint venture and con- 
ducted exploration and development aimed 
at returning the old Sultan Mountain gold 
and silver mine to productive status. Limit- 
ed production was continued at the old 
Franklin Mine, near Idaho Springs, by 
Franklin Consolidated Mining Co. Inc. 

Idaho.—In Valley County, Coeur d'Alene 
Mines Corp., of Wallace, continued con- 
struction and preproduction development at 
its Thunder Mountain property in the Pay- 
ette National Forest, 40 miles east of Mc- 
Call. Gold production at the open pit, heap- 
leaching facility was expected to begin in 
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the spring of 1986 at a rate of 25,000 ounces 
per year. Climatological considerations dic- 
tate that a 4-month summer production 
season can be expected. The company esti- 
mated that as of June 30, 1985, proven, in- 
place minable ore reserves, at 1.788 million 
tons, contained an average of 0.095 ounce of 
gold per ton and 0.077 ounce of silver per 
ton. Exploration drilling on an adjoining 
area known as Lightning Peak indicated 
the presence of gold mineralization. Fur- 
ther work will be required to determine if 
minable reserves exist on the property. The 
Thunder Mountain project was a joint ven- 
ture between Coeur d’Alene, Thunder 
Mountain Gold Inc. of Spokane, WA, and 
Phillips Petroleum Co. 

To the west of Thunder Mountain, near 
Stibnite, gold recovery operations at the 
West End gold mine of TRV Minerals Corp. 
of Vancouver, and Superior Oil Co., a sub- 
sidiary of Mobil Oil Corp., were reportedly 
suspended during the 1985 operating sea- 
son. 

In the Yankee Fork mining district of 
Custer County, U.S. Antimony Corp. report- 
edly continued recovering gold and silver 
from three underground mines, an open pit, 
and a variety of old mine dumps dating 
from 1890 to 1910. 

A number of small placer mining oper- 
ations were reported to have been active 
along various Idaho waterways. Several sea- 
sonal operations were reportedly carried 
out along Prichard Creek and its tributaries 
near the old town of Murray, north of 
Wallace, in Shoshone County. Regulations 
of recreational and commercial placering 
Operations continued to be a topic of con- 
cern in many areas of the State. 

Preproduction permitting and production 
activities and exploration continued in 
many of Idaho’s old mining districts. Explo- 
ration to locate and develop minable gold 
reserves was reportedly conducted by Con- 
cert Resources Inc. and Ican Resources Ltd. 
on their respective Blue Dog and Almaden 
properties in southwestern Idaho. Geodome 
Resources Ltd. of Hailey, ID, was reportedly 
nearing an early 1986 startup at its Sun- 
beam gold mine near Stanley in Custer 
County. Northwest of Stanley, Kellogg- 
based Golden Maple Mining and Leaching 
Co. was reported to be planning to reopen 
the old Valley Creek Mine as a small open 
pit, heap-leaching operation. Nevex Gold 
Inc. of Bellevue, WA, was reported to have 
been conducting a drilling program at its 
Robinson-Dike claims about 2 miles south of 
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Dixie in Idaho County. At yearend, Liberty 
Bell Mines had reportedly purchased a 
relatively new flotation process mill from 
the Ensearch Exploration Inc.'s operations 
in Alaska; the mill was to be transported 
from Alaska to Liberty Bell's Monte Cristo 
claims in the Old Buffalo Hump mining 
district of Idaho County. 

Montana.—Although the number of min- 
ing claims staked in Montana declined for 
the second consecutive year, there was a 
noticeable surge in exploration activity for 
precious metals on existing claims. 

Placer U.S. Inc.'s Golden Sunlight Mine, 
east of Whitehall, the State's largest gold 
producer, produced 96,000 ounces of gold. 
Moderately increased mill throughput off- 
get a lower average ore grade. Work contin- 
ued on improvements to the mill circuit and 
expansion of the tailings system. Stripping 
of the stage II pit was under way in prepara- 
tion for production in 1986. 

Pegasus Gold Inc., of Spokane, WA, the 
second largest producer in the State, was 
actively engaged with several properties. At 
its Zortman-Landusky Mine, in the Little 
Rocky Mountains of Phillips County, Pega- 
sus placed its new 7-million-ton heap-leach 
pad into production. Another pad, a so- 
called superpad, with a capacity to handle 
20 million tons of ore, was under construc- 
tion at yearend. Mining operations were 
confined to the Zortman Mine, on the west- 
ern slopes of Ruby Gulch. No ore was mined 
at the Landusky pit because of ongoing 
studies there aimed at determining the 
optimal utilization of substantial new ore 
reserves acquired during 1984. 

In Jefferson County, south of Helena, 
construction and permitting work contin- 
ued at the Montana Tunnels project by joint 
venture partners Centennial Minerals Ltd., 
of Vancouver, and U.S. Minerals Explora- 
tion Co. (USMX), of Arvada, CO. On Sep- 
tember 11, Pegasus made a tender for all of 
Centennial's outstanding common shares, 
and was anticipating the acquisition of the 
company's remaining shares in the near 
future. Through the acquisition of Centen- 
nial and execution of an agreement with 
USMX, Pegasus planned to develop the 
Mountain Tunnels project, with production 
to commence in May 1987 at a planned rate 
of 12,500 tons of ore per day; planned 
production was estimated at 106,000 ounces 
of gold and 1.7 million ounces of silver, plus 
values in lead and zinc. In October, the 
Montana Hard-Rock Mining Board gave 
final approval to the project. Near yearend, 
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Pegasus let $3.5 million worth of engineer- 
ing and construction contracts, with work to 
begin in March 1986. Pegasus placed its 
Beal project, in Silver Bow County, on 
standby pending resolution of environmen- 
tal issues and the return of more favorable 
gold prices. 

Golden Maple of Kellogg, ID, continued 
seasonal open pit mining and leaching oper- 
ations at the old Gilt Edge property in 
Fergus County. In addition to leaching vir- 
gin ore, Golden Maple reportedly planned 
to process about 500,000 tons of on-site mill 
tailings left from earlier milling operations. 
Also in Fergus County, Triad Investments 
Inc. continued development work and 
leaching at the Kendall Mine, north of 
Lewiston. In Jefferson County’s Elkhorn 
District, the Mount Hagen heap-leaching 
operation began production, and further 
development drilling was started at the 
deposit. To the north near Marysville, in 
Lewis and Clark County, AMAX Inc. and 
Gulf Titanium Ltd. began production at the 
historic old Belmont gold mine. Pending 
further development and possible construc- 
tion of a mill on-site, the ore was being 
shipped to the East Helena, MT, smelter of 
ASARCO Incorporated. The Uncle Sam gold 
mine of Buckeye Mines Inc., in Madison 
County, was reopened and some ore was 
shipped. 

Placer mining continued to flourish in 
Montana with operations in western Mon- 
tana districts being particularly active. 
Three medium-sized operations were begun 
on Indian Creek, in Broadwater County. 
Seasonal operations were active in Mea- 
gher, Silver Bow, and Beaverhead Counties, 
and several properties were undergoing de- 
velopment in various counties farther west. 

Exploration and development efforts 
were continued at a number of properties. 
In Madison County, Winchester Gold Corp. 
continued exploration and development at 
the old B and H Pete and Joe Mine. In Park 
County, southeast of Gardiner, Homestake 
Mining and American Copper & Nickel Co. 
Inc., a subsidiary of Inco Ltd., continued 
underground drilling and bulk sampling at 
their Jardine Joint Venture property. Pro- 
duction was scheduled to begin by mid-1987. 
Three different companies reportedly con- 
ducted some exploration drilling for gold in 
eastern Park County. Gold Coin Mining 
Inc., formerly Midas Gold Inc., of Spokane, 
WA, continued exploration at the old Gold 
Coin Mine in Deer Lodge County. The 
objective of the 1985 program was to pre- 
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pare tunnel access to the mineralized zones 
so that a complete development program 
from underground could be conducted in 
1986. Highlights of Montana mineral devel- 
opments during 1985 were presented in a 
State report.* 

Nevada.—Every year Nevada increases 
its margin over other States as the Nation’s 
premier gold-producing State. Production, 
through 1985, has increased for 6 consecu- 
tive years. Gold occurrences, from isolated 
pockets through large disseminated depos- 
its bearing millions of ounces of gold, were 
reportedly under examination or develop- 
ment in every county of the State in 1985. 
Nearly a dozen new gold mines or expan- 
sions of existing mines occurred in Nevada 
during the year. 

On September 20, Carlin Gold Mining 
Co.’s new $130 million Gold Quarry Mine 
and No. 2 mill were officially dedicated. The 
new Eureka County facilities, about 14 
miles south of the company’s No. 1 mill and 
8 miles north of the town of Carlin, will 
contribute substantially to Carlin's overall 
gold production capacity as well as that of 
its parent company, Newmont Mining Corp. 
By 1986, Carlin was expected to have the 
capacity to produce more than 330,000 
ounces of gold annually, an increase of more 
than 100% over the capacity in 1984. The 
Gold Quarry deposit, discovered in 1980, 
contains an estimated 8 million ounces of 
gold, the second largest gold reserve in the 
State. Processing ore from the Gold Quarry 
Mine and the existing Maggie Creek Mine, 
both open pit operations, the new 2,500,000- 
ton-per-year No. 2 carbon-in-pulp mill will 
produce about 170,000 ounces of gold per 
year. Heap-leach pads adjacent to the mill 
will recover an estimated additional 35,000 
ounces of gold per year. 

In September, Newmont announced that 
exploration efforts by Carlin had resulted in 
the discovery of a new gold deposit about 3 
miles from the Carlin Mine. The new depos- 
it, designated as the “Genesis deposit," was 
expected to add about 5 million ounces of 
gold to the company's overall reserves of 
about 12 million ounces in the Carlin Dis- 
trict. In addition to the Carlin, Gold Quarry, 
and Maggie Creek Mines, the company 
mined gold ore at its Blue Star and Boot- 
strap Mines. 

In Humboldt County, northeast of Winne- 
mucca, Pinson Mining Co., operator of the 
Pinson Mine, announced that testing and 
evaluation of the new Mag Zone, discovered 
about 0.5 mile from the Pinson mill in 1984, 
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had resulted in the addition of about 3.1 
million tons of milling-grade ore to the 
mine’s reserves. Evaluation of another 1984 
discovery, the CX Zone, immediately north- 
east of the Pinson open pit, was expected to 
add nearly 500,000 tons of reserves amena- 
ble to heap leaching and milling. Pinson 
Mining was owned by joint venture part- 
ners Lacana Gold Inc., Rayrock Mines Inc., 
United Siscoe Mines Inc., and private inves- 
tors; effective December 31, United Siscoe 
sold its 26.25% interest in the partnership 
to American Barrick Resources Corp. Laca- 
na Gold, a 70%-owned subsidiary of Lacana 
Mining Corp., of Toronto, Ontario, Canada, 
announced that feasibility studies on its 
new 51%-owned Santa Fe property in Min- 
eral County were nearly complete and that 
exploration delineating 6 to 7 million tons 
of open pit oxide reserves had been complet- 
ed. The company said, however, that a gold 
price of about $400 per ounce would be 
required to warrant proceeding to produc- 
tion. Lacana was also the owner and opera- 
tor of the new Relief Canyon gold mine, 
which was opened in late 1984, east of 
Lovelock in Pershing County; however, ow- 
ing to poor gold recovery, operations at 
Relief Canyon were suspended at yearend 
1985. The company is also a partner in the 
Dee Mine in Elko County, opened concur- 
rently with Relief Canyon. At yearend, the 
Dee mill was reported to be running at 950 
tons per day, well in excess of its design 
capacity. 

Freeport-McMoRan Gold Co. (FMG), a 
wholly owned subsidiary of Freeport McMo- 
Ran Inc., reported increases over that of 
1984 in mine and mill production at its 
Enfield Bell (Jerritt Canyon) Mine of 20% 
and 6%, respectively. Total mill production 
for the year was 255,300 ounces, 12,000 
ounces more than that of 1984. Two sepa- 
rate open pits, the upper North Generator 
ore ‘body and the Second Cut of Marlboro 
Canyon, were being mined at the Elko 
County property, a joint venture with FMC 
Gold Corp. Prestripping of the West Gener- 
ator ore body was scheduled to begin on a 
limited basis in 1986. Construction of a new 
millsite heap-leaching facility was begun in 
the third quarter of 1985, and leaching was 
expected to begin in 1986. The company was 
actively and successfully involved in explo- 
ration during the year; in the Jerritt Can- 
yon joint venture area, six apparently via- 
ble or "advanced projects" underwent fur- 
ther evaluation, while two advanced proj- 
ects, the Big Springs project north of the 
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joint venture area and the Manhattan proj- 
ect to the south in Nye County, also under- 
went further scrutiny. Two other proper- 
ties, the Burns Basin and Mill Creek proper- 
ties, both in the joint venture area, were 
deemed to be commercially viable projects. 
In June, FMG became a publicly traded 
company; later in the year, the company 
officially opened its new international ex- 
ploration headquarters in Reno, and explo- 
ration offices were subsequently opened in 
Vancouver, British Columbia, Canada, and 
Anchorage, AK. 

At Battle Mountain in Lander County, 
Battle Mountain Gold Co., in November, 
completed a year of mining at its new 
Fortitude gold and silver mine and in the 
process exposed the higher grade core of the 
ore body; mining of the core area was 
expected to substantially reduce production 
costs. Battle Mountain Gold was established 
in August following its release to sharehold- 
ers from its former parent, Pennzoil Corp. 

Gold production at the Round Mountain 
Mine in Nye County, reportedly the world's 
largest heap-leaching operation, increased 
about 20,000 ounces in 1985 to about 140,000 
ounces, reflecting both a 32% expansion of 
leaching capacity and the leaching of lean 
ore stockpiled in prior years. Reclassifica- 
tion of extensive mineralization not pre- 
viously included in the mine's ore reserves 
resulted in a doubling of reserves to about 
4.1 million ounces of contained gold. The 
Round Mountain operation is a joint ven- 
ture between Echo Bay Inc. (50% interest), 
Homestake Mining (25%), and Case, Pome- 
roy and Co. (25%). 

A number of relatively small gold mines 
began producing during 1985. Some of those 
reportedly beginning production were Pacif- 
ic Silver Corp.’s underground gold, silver, 
and copper Buckskin Mine west of Yering- 
ton in Mason County; the Little Bald Moun- 
tain Joint Venture heap-leaching operation 
in White Pine County; Silver State Mining’s 
Tonkin Springs heap-leaching project in 
Eureka County; Nevex Gold’s Haywood- 
Santiago heap-leaching project near Virgin- 
ia City; the Sumich joint venture and 
underground operation in Lander County; 
and Electra Northwest Resources Ltd.’s Au- 
rora project, a heap-leaching operation in 
Mineral County. 

Construction was begun or authorized to 
begin at numerous deposits where explora- 
tion and feasibility studies had been pro- 
ceeding over the past few years. These 
include AMAX’s Sleeper project in Hum- 
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boldt County; Silver King Mines Inc. and 
Pacific Silver’s Star Pointer near Ely; Coeur 
d’Alene’s project at Rochester; FMC Corp.’s 
Paradise Peak project near Gabbe in Nye 
County; Atlas Corp.’s Gold Bar property in 
Eureka County; the Florida Canyon project 
of Pegasus near Winnemucca; and the Top 
deposit of Placer U.S. in northeastern 
White Pine County. 

Depressed gold and silver prices led to 
the closure of several mines including 
the Gooseberry Mine and United Mining 
Corp.’s Comstock operations, both in Storey 
County. 

Periodical news media reports dealing 
with mineral exploration were rarely with- 
out reports on new developments in Ne- 
vada. In addition to reports about ongoing 
projects and discoveries associated with 
some of the operating mines discussed 
above, nearly 36 exploration projects were 
reported under way; many more smaller 
operations were undoubtedly in progress. 
One of the most notable discoveries report- 
ed during the year was Gold Fields’ Chim- 
ney Creek Prospect, discovered near Gol- 
conda in Humboldt County; Gold Fields 
estimated that the new disseminated depoe- 
it contains 2 million ounces of gold. 

New Mexico.—Citing impending deple- 
tion of economic ore reserves and increased 
mining costs associated with deeper ore and 
greater waste removal costs, Gold Fields 
Operating Co., a wholly owned subsidiary of 
Consolidated Gold Fields of London, United 
Kingdom, announced in mid-1985 that its 
Ortiz Mine at Cerrillos would cease produc- 
tion in 1986. The open pit, heap-leaching 
operation had been in production since 
February 1980. 

A number of small surface and under- 
ground gold mines were active throughout 
the State during 1985. 

Oregon.—Developments in Oregon were 
confined to exploration or intermittent pro- 
duction from small lode and placer oper- 
ations. Of the 24 mining operations active 
in Oregon during 1985, 12 were placer 
mines. Most of these mines or mining areas 
were in Baker, Douglas, Grant, Jackson, 
and Josephine Counties; only a few produc- 
ed over 50 ounces of gold. The most produc- 
tive areas were in Baker and Grant Coun- 
ties of eastern Oregon along Pine Creek 
near Hereford, on Clark Creek on the upper 
Burnt River, and on Boulder Creek near 
Granite. 

Small seasonal lode-mine operations were 
again reported from the Pyx Mine in Grant 
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County and from the Thomason Mine in 
Baker County. Closure of Silver King 
Mines’ Iron Dyke Mine in Baker County 
during 1984 and only sporadic work there 
during 1985 sharply reduced the State’s 
lode gold production. 

According to a State review of the year’s 
mining and exploration activities,“ explora- 
tion and development activity in 1985 gen- 
erally declined from 1984 levels, with the 
industry apparently continuing to shift its 
interests away from metallic minerals and 
toward nonmetallic minerals. Properties re- 
ported to have undergone some manner of 
exploration, from rudimentary investiga- 
tion through drilling or rehabilitation of old 
workings, included the Bald Mountain-Ibex, 
Bear Creek Buttes, Cable Cove, Castle Rock, 
Coyote Hills, Dixie Meadows, Fall Creek 
Copper, Flagstaff, Flagstaff Butte, Goff, 
Gold Bug, Gold Note, John Hali, Little 
Baldy, Meadow Lake, Miller Mountain, 
Quartz Mountain, Red Butte, Rejax, Sunday 
Hil, Susanville, and  Turner-Albright. 
Nearly one-third of the properties under 
investigation were in Baker and Grant 
Counties. 

South Dakota.—Gold developments for 
the year were centered about the town of 
Lead, in Lawrence County in the Black 
Hills area of the State. Gold production at 
the Homestake Mine, the Nation's largest 
gold mine, increased to 343,108 ounces in 
1985, 16% greater than its 1984 production 
of 295,941 ounces. The average cost of pro- 
duction decreased to $294 per ounce, com- 
pared with $324 per ounce in 1984. The 
lower costs not only reflected results from a 
cost-cutting program begun in early 1985, 
but also from record mine efficiency and 
mill throughput; the quantity of ore milled 
was the highest in the mine's century of ex- 
istence. The average grade of ore from the 
underground operation was 0.174 ounce per 
ton, essentially the same as that of 1984. 
Mining and exploration work in 1985 con- 
tinued below the 6,800-foot level, the deep- 
est current working level. Major develop- 
ment work was continued on three deeper 
levels, extending to 8,000 feet below the 
surface. 

Testing of the Terraville or open pit area, 
site of the original strike more than a 
century ago, confirmed earlier reserve esti- 
mates. À decision was thus made to put the 
area into full-scale production by 1987. 
Homestake also began a program to place a 
greater emphasis on exploration both at the 
mine and in the surrounding Black Hills 
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District and to evaluate new exploration 
targets generated through the development 
of new geologic models and structural inter- 
pretations. 

Near Trojan, west of Lead, in the Bald 
Mountain mining district, Wharf Resources 
(USA) Inc. of Helena, MT, continued open 
pit, heap-leaching operations at its Annie 
Creek gold mine, and by yearend, Wharf 
had applied for the final round of permits 
required to expand the operation northeast- 
ward onto its Foley Ridge area of the 
project. Exploration and testing had been 
under way at Foley Ridge for several years. 
Subsequent preliminary investigation of the 
adjoining Portland property indicated the 
existence of a strongly mineralized near- 
surface deposit. Wharf, in partnership with 
Homestake, controls about 3,000 acres of 
mineral rights in the area. 

To the north, at Richmond Hill in the 
Carbonate area, St. Joe Gold Corp. drilled 
71 exploratory holes and detected the pres- 
ence of disseminated gold, in addition to 
gold mineralization exposed at the surface. 
Preliminary metallurgical tests indicated 
that the oxidized ore would be suitable for 
heap leaching. Further exploration in the 
area was planned. 

In the Ruby Basin District, about 2.5 
miles southwest of Lead, Moruya Gold 
Mines of North America Inc., a subsidiary 
of Moruya Gold Mines (1983) NL, of Sydney, 
Australia, in a joint venture with Coin Lake 
Gold Mines Ltd., of Toronto, Ontario, Cana- 
da, acquired, from Anaconda Minerals Co., 
a large block of claims known collectively as 
the Golden Reward project. By yearend, 
Moruya had reportedly completed the first 
stage of a drilling program aimed at deter- 
mining the gold potential of the old Golden 
Reward and other former producing proper- 
ties within the claims area. 

On Strawberry Hill, above Galena, 4 
miles southeast of Lead, Gilt Edge Inc., a 
subsidiary of Lacana Gold, continued devel- 
opment on its Gilt Edge property. A produc- 
tion decision reportedly was to depend upon 
State permitting requirements and higher 
gold prices. 

Utah.—Kennecott closed its Bingham 
Canyon Mine near Salt Lake City, at the 
end of March, owing to continuing financial 
losses. For many years, the Bingham Can- 
yon open pit copper mine had been one of 
the Nation’s leading byproduct gold produc- 
ers. In December, Kennecott’s parent com- 
pany, the Standard Oil Co. of Ohio, a 55%- 
owned subsidiary of British Petroleum, 
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announced a $400 million, 3-year project 
aimed at modernizing Kennecott's Utah 
Copper Div., operator of the mine. 

In May, Texaco Inc. announced the sale of 
its Getty Gold Mine Co. to a wholly owned 
U.S. subsidiary of Barrick Resources of 
Toronto, Ontario, Canada. Getty operates 
the Mercur open pit gold mine and mill at 
Toole. Annual production at the 80,000- 
ounce-per-year facility will reportedly be 
expanded by about 15,000 ounces through 
the addition of heap-leaching capacity. With 
the closure of the Bingham Canyon Mine, 
the Mercur Mine became the largest gold 
producer in Utah. 

Washington.—In September, Asamera 
Minerals (U.S.) Inc. and its partner Break- 
water Resources Ltd., both subsidiaries of 
Canadian companies, dedicated the Cannon 
Mine on the outskirts of Wenatchee in 
Chelan County. The Cannon was developed 
as an underground mine. Overhand cut and 
fill was employed as the principal mining 
method, combined with a 4,000-ton-per-day 
underground crusher and a trackless sys- 
tem for ore haulage. The new 2,000-ton-per- 
day flotation mill produced a gold-silver- 
bearing concentrate that was shipped to 
smelters in Western Europe and Japan. At 
full production, the mine was expected to 
yield between 160,000 and 180,000 ounces of 
gold per year, plus about 70,000 ounces of 
silver per year. In October, the partners 
announced that they had acquired all of the 
property interests held in the immediate 
area of the mine by Tenneco Inc. and 
United Mining. 

The flurry of exploration activity in 
Chelan County, touched off by Asamera- 
Breakwater’s 1982 discovery, abated in 
1985, with only 11 companies reporting 
work, compared with 27 reporting during 
1984. 

The second principal development in the 
State was Hecla Mining Co.’s announce- 
ment early in the year that exploration and 
development work at its Knob Hill Mine at 
Republic, in Ferry County, had resulted in 
the discovery of additional ore. The compa- 
ny was then able to postpone for perhaps 5 
years its earlier decision to close the mine, 
in operation almost continuously since the 
early 1900's. Development of the two new 
gold and silver veins, the Golden Promise I 
and II, was proceeding at yearend from an 
exploration drift on the mine's 11th level. 
Total gold production for the year was 
39,192 ounces, up 72% from that of 1984. 
Elsewhere in Ferry County, at the South 
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Penn property, 14 miles north of Republic, 
the mine’s operator, Glamis Gold of Van- 
couver, conducted bulk leaching tests on 
finely crushed agglomerated material from 
its property. Vulcan Mountain Inc. contin- 
ued heap leaching at its Gold Dike Mine 
and had expanded operations on the adjoin- 
ing Gold Hill property before work was 
stopped for the winter. Exploration was 
conducted at several other Ferry County 
properties during the year. 

To the west in Okanogan County, explora- 
tion and/or drilling was carried out on 
Crown Resource Corp.’s Key property, Sun- 
shine Valley Minerals Inc.’s Billy Goat 
property, Keystone Gold Inc.’s Crystal 
Butte and Grey Eagle properties, and at 
several other properties in the county. Cor- 
dilleran Development Inc. continued geolog- 
ical mapping and heap-leaching operations 
at its Minnie Mine near Twisp. 

Other gold mining operations reported to 
be active were CSS Management Corp.’s 
Apex and Damon properties near Skyko- 
mish in King County, and Younguist Mine 
Development and Consultation Inc.’s Wind 
River Mine near Carson, in Skamania 
County. 

Gold and silver were reportedly the tar- 
gets of 70% of the companies exploring in 
the State, with Stevens County the most 
active area as far as base and precious 
metals exploration was concerned. Mining 
and exploration activities in the State dur- 
ing the year were summarized by the Wash- 
ington State Department of Natural Re- 
sources.!! 

Other States.—Two new gold mines open- 
ed east of the Mississippi River in 1985, and 
exploration of known or potential gold- 
bearing areas from Alabama north to 
Maine and west to Wisconsin and Minneso- 
ta continued, although at a somewhat sub- 
dued pace compared with the pace of the 
previous 3 or 4 years. 

On October 18, Callahan Mining dedicat- 
ed its new Ropes gold mine near Ishpeming 
in Marquette County, MI. The newly reha- 
bilitated underground mine, closed since 
1941, was expected to yield up to about 
60,000 ounces per year following mill 
tuneup and normalization of mining oper- 
ations near mid-1986. Mining started in 
August 1985, between the 800- and 900-foot 
levels where reserves are of lower grade 
than the mine's average of about 0.1 ounce 
per ton. Ore was hauled 16 miles to the 
mine's newly converted 2,000-ton-per-day 
mill at Humboldt. The first bar of gold doré 
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recovered from the operation was poured on 
September 20. Callahan Mining was main- 
taining its exploration efforts to locate addi- 
tional gold deposits in the Ishpeming area. 

Near Kershaw in Lancaster County, SC, 
Piedmont Mining Co. brought the old Haile 
Mine back into production as an open pit, 
heap-leaching operation. Mining operations 
at the former underground producer, first 
opened in 1829, began in January 1985, and 
the first bar of production gold was poured 
in March. At full production, the mine was 
expected to produce 10,000 to 12,000 ounces 
per year. Piedmont was a privately held 
company based in Charlotte, NC. Mean- 
while, near Ridgeway in Fairfield County, 
adjoining Lancaster County to the south- 
west, Amselco Minerals of Denver, CO, a 
subsidiary of British Petroleum, following 
several years of exploration in Fairfield and 
adjoining Richland County, announced in 
early 1986 that it had discovered two poten- 
tially viable gold depoeits in Fairfield Coun- 
ty about 1 mile apart near the Richland 
County line. 

Small intermittent gold-placering oper- 
ations were conducted in various gold- 
bearing areas of the South. A number of 
companies and individuals were actively 
exploring for gold in the old gold mining 
areas of North Carolina, and a few contin- 
ued to investigate prospects in Alabama, 
Georgia, and Virginia. Corporate activity, 
however, generally declined during the sec- 
ond half of the year. 

The University of Connecticut discovered 
traces of gold in several quartz samples 
collected in a study area near Cobalt in the 
Meshomasic State Forest. Although gold 
claims have in the past been staked in 
various areas of Connecticut, the discov- 
eries near Cobalt were reportedly the 
State's first gold discoveries to be properly 
documented. 

In Maine, exploration by Freeport-Mc- 
MoRan at its Bald Mountain copper and 
precious metals deposit in Aroostock Coun- 
ty was discontinued in January. Getty Min- 
ing Co.’s exploration at the Mount Chase 
base and precious metals deposit in north- 
ern Penobscot County apparently was sus- 
pended while Getty underwent a change in 
ownership. Noranda Exploration Co. report- 
edly continued its base and precious metals 
exploration programs in Franklin and Som- 
erset Counties, while Scintilore Explora- 
tions Ltd., of Toronto, Ontario, Canada, 
reportedly conducted exploration at its Big 
Hill Prospect, 14 miles from Eastport in 
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Washington County. 

In Minnesota during October, the State 
Department of Natural Resources (DNR) 
held its ninth sale of State copper, nickel, 
and associated minerals leases. cov- 
ering about 735,000 acres of State-owned 
mineral rights were offered. Much of the 
interest was reportedly focused on the po- 
tential for possible gold deposits in the 
greenstone belts in an area south of Ranier 
in northeastern Koochiching County and in 
the area bounded by Virginia, Eveleth, and 
Gilbert in central St. Louis County. Lease 
lands were also sought in Aitken, Itasca, 
Lake, and Pine Counties. The Kerr-McGee 
Corp. of Oklahoma was reportedly the suc- 
cessful bidder for the Koochiching and cen- 
tral St. Louis County offerings. Other com- 
panies also reportedly showing an interest 
in the lease areas included Boise Cascade’s 
Normin Mining Co., Burlington Northern’s 
Meridian Minerals Co., Lehmann Explora- 
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tion Management Inc. of Minneapolis, and 
the American Shield Co. of Duluth. Seven- 
teen companies were reportedly successful 
in their bidding efforts. Most of the compa- 
nies were apparently interested in the po- 
tential for gold and other precious metals 
on the lands offered. To encourage interest 
in the leasable lands program, the DNR has 
reportedly improved its aeromagnetic map- 
ping coverage and stepped up an effort to 
reexamine its collection of rock and core 
samples derived from earlier exploration on 
State lands. Several companies were also 
interested in exploring for gold on privately 
held lands, especially in northern Minneso- 
ta. 


Near Rhinelander, WI, near Exxon Min- 
erals Co.’s base metal deposit at Crandon, 
Mineralco, an Illinois company, and InteRe- 
sources Inc. of San Antonio, TX, were re- 
portedly investigating a possible dissemi- 
nated gold prospect at Hickson Lake. 


Table 4.—Mine production of gold in the United States, by month 


(Troy ounces) 
Month 1981 1982 1983" 1984" 1985 

,, ß 887 956 134,435 140,586 178,287 
February ~- ------------------------—- 93,385 109,407 131,636 144,945 178,869 
March nonem Lu mee eee eee ee 115,200 ,066 ,808 174,242 484 
;’ ũ mm.. mmqb! my 86 110,366 136,674 162,224 166,908 187,869 
t ANCHO E eee ee 108,291 143,212 179,950 183,068 197,065 
JUD uu e ae mE mcm 8 119,676 116,925 178,929 195,337 194,887 
SEENEN UR Me 126,675 114,845 179,521 186,620 203,028 
Cͥ᷑ÿrs ⅛ «o! ß se rie 125,505 114,538 192,095 183,123 204,550 
September uc eu See 124,629 ,024 189,237 178,483 240,159 

LR, EE 123,201 127,928 183,524 186,413 224, 
November... 119,386 127,843 165,903 174,313 230,361 

2727 are a eae ay east te as 113,960 120,268 151,264 170,577 227, 
TOL: Sar easel uide L 1,879,161 1,465,686 2,002,526 2,084,615 2,475,438 
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Table 8.—Gold produced in the United States by cyanidation! 


Wee Ore treated ‘ Ore treated Gold recovered 

(short tons) (troy ounces) (short tons) (troy ounces) 

OB Ee 7,023,836 648,334 8,875,392 264,408 
1982. —— EES 7,616,036 710,688 12,294,232 891,088 
LEE 11,317,285 1,086,205 717,098,583 1545, 408 
TEE EH 18,503,143 1,165,983 21,899,048 586,509 
E iL oe ele eee oe 20,542,717 1,626,751 19,059,466 582,980 


"Revised. 
1May include small quantities recovered by leaching with thiourea, by bioextraction, and by proprietary processes. 
Includes autociaves. 

May include tailings and waste ore dum 

*May include ima]! quantities recovered by gravity miethodk 


Table 9.—Gold produced at placer mines in the United States, by method of recovery! 


Gold recoverable 
Mines posite Quantity 
Ave 
Method of recovery produc- 8 (thousand (thou - * dien 
ing yards) troy sands) per cubic 
ounces) 

NOG) ek lee . ol A 8 5 32,190 15 86.781 88.073 
1982 m ERE PCM cos 6 8 4,702 22 8,130 1.729 
"EE 8 4 4,785 30 12,512 2.615 
Do. ⅛ĩ˖˙,.é-w 2 8 4,840 29 10,387 2.147 
1985 . 2 8 826 9 2,971 

ee 1 1 330 *6 1,200 18.023 
1982 CENTER 8 8 14 8 4g 1,188 18.960 
EE 2 18 3110 *3 1,333 8.481 
EE 4 113 2126 14 1,598 r 52 908 
17öõÜö;1i¹j 8 8 14 *156 *4 1,848 2.224 
e ufo lp LA S 7 7 118 1 526 4.678 
e f 4 4 17 NI 189 8.026 
CC pr 1 1 3 (*) 117 43.342 
ER 1 1 28 (*) 90 8.220 
1986 V e as pues SE ES? on 
TI been ae 9 18 3894 49 4,488 4.869 
1;ö;Ä%Ü¹ ͤ asin 8 10 11 805 18 4,829 6.000 
e neice Rt, ev Ee 6 6 961 18 7,450 7.750 
ps dico 8 8 7810 8 1.086 13.343 
)) wee Sees PH 6 6 959 81 9,690 10.102 

. 
and Rand methods, dredge: 
JJ cee EE 6 7 108 1 401 3.728 
1 eee 88 15 15 80 (*) 174 5.848 
EE 23 24 2167 *3 1,487 7.831 
11111 EEN 10 11 1197 1 454 72.304 
1985 EE 19 19 621 6 2,061 8.820 
1981 EE 26 89 3 33.335 *29 18,296 58.719 
1777õ˙%ê⁵ð m mem 88 52 35,584 *38 14,460 52.475 
„ e 85 48 36,026 454 22.849 53.792 
%» mys 25 86 35,501 498 18,560 92.242 
„ onse a 80 42 32,561 451 16.069 55.882 
"Revised. 


‘Data are only for those mines that report annually on the Bureau of Mines volun survey; there are many more, 
usually maller and lass well established operatione, Mainly in Alaska. that de not report, d 

Does not include platinum-bearing material from which byproduct gold was recovered. 

*Excludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. 

*Includes gold recovered at commercial sand and gravel operations. 

Qoid recovered as a byproduct at sand and gravel operations is not used in calculating average value per cubic yard. 

"Data may not add to totals shown because of independent rounding. 
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Table 10.—U.S. refinery production of gold 


(Thousand troy ounces) 


Raw material 


Concentrates and ores: 


"Revised. 


—— — — — — — — — — — em zm — — — — — — — — em — — — — — —À — — 


1981 1982 1983 1984 1985 
801 718 885 1760 620 
4 1 7 4 — 
1,610 1,444 1,380 1,310 1,215 
1,475 1,596 71,590 11,794 1.520 
3,890 3,760 "3,863 "3,868 8,355 


'Excludes upgrading of U.S. Government-owned gold (mostly coin gold) by the U.S. Assay Office, amounting to 


2,476,628 ounces in 1981. Refining activity terminated in Sept. 1 


Data may not add to totals shown because of independent V die 


CONSUMPTION AND USES 


Just over 3 million ounces of gold was 
consumed by domestic end-use industries in 
1985, slightly less than that of 1984. Jewelry 
and the arts continued to be, as in years 
past, the principal end use, accounting for 
about 53% of overall consumption. Elec- 
tronic products, specialty alloys, and aero- 
space applications absorbed about 34% of 
the total. Consumption in various dental 
applications increased slightly, accounting 
for nearly 1396 of the total. Consumption in 
the fourth end-use category, small iterns for 
investment, continued to decline relative to 
earlier years, apparently in favor of other 
gold and nongold investment vehicles, and 
was negligible in 1985. 

Sales of U.S. Department of the Treasury 
gold medallions and Olympic gold coins 
declined substantially, principally as a re- 
sult of fulfillment of the minting require- 
ments set forth in the enabling legislation. 


Trading activity on the Nation's gold 
futures exchange markets declined for the 
third consecutive year, apparently to some 
extent as a result of the increasing populari- 
ty of trading in gold-based options, a declin- 
ing rate of domestic currency inflation, and 
trading in more attractive investment op- 
portunities in other markets, such as securi- 
ties. 

On July 10, the International Monetary 
Market in Chicago discontinued all gold 
futures trading activity. In October, mem- 
bers of Chicago's MidAmerica Commodity 
Exchange and the Chicago Board of Trade 
(CBOT) approved an affiliation agreement. 
The agreement called for the MidAmerica 
to remain a separate legal entity and a 
separate exchange and the CBOT to become 
the sole voting and equity member of the 
MidAmerica. 


Table 11.—U.S. consumption of gold,' by end use 


(Thousand troy ounces) 


End use 1981 1982? 1983? 1984? 1985? 
Jewelry and the arts: 
Karatgold. EEN 1,420 1,638 1,410 71,466 1.418 
Fine gold for electroplating. ggg 24 17 18 18 27 
Gold-filled and other 286 301 237 225 198 
Gal? t ten o eee Ae tT E 1,730 1,954 T1666 71.709 1,643 
Dentül eebe Ee 88 314 358 360 363 394 
Industrial: 
Karatgold os ͥ ⁵² ꝛ'uA ] eut e e et DAE 50 64 44 42 36 
Fine gold for electroplatingg gg 528 389 344 415 326 
Gold-filled and other. _____________________ 633 649 644 628 693 
Jo N 1.210 1.102 1.032 1.084 1.055 
Small items for investment!l! !!! 7 9 3 8 7 
Grand total 3.276 3,423 3.061 13, 164 8,100 
Revised. 


Gold consumed in fabricated produets only: does not include monetary bullion. 


Data may include estimates. 


Pata may not add to totals shown because of independent rounding. 


*Fabricated bars, medallions, coins, etc. 
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STOCKS 


Official.—Stocks of gold bullion, held by 
the Department of the Treasury, continued 
to decline slowly, reflecting, in part, materi- 
al consumed to satisfy minting require- 
ments of the Department’s gold medallion 
and commemorative coin program. 

Official gold reserves of the market econo- 
my countries, including stocks held by the 
International Monetary Fund (IMF) and the 
Bank for International Settlements, totaled 
1.144 billion ounces at yearend, compared 
with 1.142 billion ounces at yearend 1984. 
IMF yearend stocks, 103.43 million ounces, 
were unchanged from stocks reported since 


1980. 

Commercial.—Stocks of refined gold held 
by industrial users at yearend were 16% 
lower than stocks on hand at the end of 
1984. The sharpest decrease in inventories 
occurred during the first quarter, as users 
apparently began withdrawing material to 
meet anticipated demand later in the year. 
Yearend stocks of gold certified for delivery 
by the Commodity Exchange Inc., New 
York, the Nation’s largest gold futures ex- 
change, comprise nearly all U.S. futures 
exchange stocks; they declined about 9% 
from the yearend 1984 level. 


Table 12.—Yearend stocks of gold in the United States 


(Thousand troy ounces) 
1981 1982 1983 1984 1985 
%%% ³˙ A ³ AAA 635 776 1629 1765 639 
Futures exchange . eee 2,449 2,303 2,530 2,359 12,110 
Department of the Teens... 264,116 264,046 263,406 262,814 262,672 
350,640 348,555 341,402 337,873 377,399 


PRICES 


The Engelhard Industries-London daily 
final price of refined unfabricated gold be- 
gan year at about $306 per troy ounce 
and remained at about that level for the 
following 8 weeks. On February 25, the 
price fell to $284, its lowest point since 
August 6, 1979. Subsequent domestic and 


international economic and political devel- 
opments combined to drive the price to the 
year’s high of $341 in August and to sustain 
it through yearend at around $320. The 
Engelhard Industries average for the year 
was $317.66 per troy ounce, compared with 
$360.66 per troy ounce in 1984. 


Net imports of gold continued to increase 
during most of 1985, probably in response to 
favorable currency exchange rates. With 
the exception of gold contained in waste and 
scrap products, imports of gold-bearing ma- 
terials again exceeded exports, with total 
net imports for the year increasing 48% 
above the 1984 level. Net imports of refined 
bullion registered substantial gains over net 
imports of the previous 2 years; in terms of 
net value, however, the increase was mar- 
ginal in comparison with that of 1984. 
Imports of gold-bearing ore and concen- 
trates declined substantially from imports 
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Table 13.—U.8. gold prices’ 
(Dollars per troy ounce) 

Period Low (date) High (date) Average 
LEE 391. (Aug. 4) $9925 (Jan. 6) 459.64 
NEE 21615 June 21) 481.00 (Sept. 7) 375.91 
ö; MIT PEE 8 314.65 (Nov. 21) 509.25 (Feb. 15) 424.00 
1984 locom ey rl ⁰ Lt GAL E 307. (Dec. 20) 405.85 ) 360.66 
1985: 

January- - hn eee 298.15 (Jan. 28) 308.40 (Jan. 18) 303.19 
Fobruarr ggg 284.65 (Feb. 25) 304.55 (Feb. 14) 299.22 
|: E poe ate Me crece 8 287.65 (Mar. 1) 830.80 (Mar. 27) 304.34 
April 2 aa Ga a NO Dyn EE 317.15 (Apr. 4) 334.65 (Apr. 15) 325.31 
7 ð K 310.00 (May 6) 326.90 y 14) 316.46 
JUD. ee ð x] 8 312.40 (June 10) 325.80 (June 19) 816.89 
duly. ²⁰• AAA. ĩ y 8 308.65 (July 2) 327.90 (July 31) 318.20 
Augu aa 320.20 (Aug. 6) 841.30 (Aug. 19 and 28) 330.46 
September -—------------------- 316.65 (Sept. 18) 829.65 (Sept. 26) 323.18 
J oU M 322. (Oct. 1) 328.15 (Oct. 22) 326.24 
Novemderrrrrk 2 __ ee 322.35 (Nov. 8) 331.50 (Nov. 26) 325.64 
JJJJ!»»»T—T.k . 88 315.90 (Dec. 11) 330.00 (Dec. 31) 322.76 
ein XX 317.66 
Xx Not applicable. 
1Engelhard Industries daily quotation. 
FOREIGN TRADE 


received during 1984, reflecting the precipi- 
tous decline during 1984 in importa of gold- 
bearing copper ore and concentrates. The 
rate of growth in net exports of waste and 
scrap slowed considerably from the rate in 
1984. 

Gold imported in bullion coins declined 
26% to about 2.06 million ounces. Imports of 
South African Krugerrands declined 73% 
owing to a combination of factors, such as 
the Presidential banning order of October, 
the availability of domestic gold investment 
items, and a shift toward other forms of 
investment. 
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WORLD REVIEW 


Continuing a trend that began in 1980, 
world gold mine production increased again 
during 1985. About 45% of the world mine 
output came from the Republic of South 
Africa, with the remainder, in descending 
order of magnitude, from the U.S.S.R., Can- 
ada, the United States, Brazil, China, Aus- 
tralia, and 56 other countries. Gold is also 
produced in small quantities in a dozen or 
so other countries for which production 
data are not available. 

Consolidated Gold Fields, in its annual 
summary of world gold supply and demand, 
reported that the supply of gold available to 
commercial purchasers in the market econ- 
omy countries in 1985 was about 41.4 mil- 
lion ounces or nearly 5 million ounces less 
than that of 1984. Following 2 years during 
which central banks and government-con- 
trolled investment institutions, which to- 
gether make up the official sector, were net 
sellers of gold to the market, the official 
sector in 1985 made net purchases amount- 
ing to over 4.3 million ounces. 

Gold Fields estimated that consumption 
of gold in the commercial sectors of the 
market economy countries was about 39.6 
million ounces, or essentially the same as 
that of 1984. Gold consumed in 1985 in the 
market economy countries was divided, in 
millions of troy ounces, with 1984 consump- 
tion in parentheses, between the following 
end-use categories: jewelry, 28.9 (26.6); 
electronics, 3.6 (4.0); dental, 1.7 (1.6); other 
industrial and decorative uses, 1.6 (1.8); 
medallions and unofficial coins, 0.4 (1.4); 
and official coins, 3.4 (4. 2). 12 

A brief description and analysis of the 
salient features of the mineral industries, 
including gold, of Australia, Canada, and 
Oceania was published by the Bureau of 
Mines in 1985.» 

Australia.—The resurgence in Australian 
gold production, which began in 1981, con- 
tinued in 1985 with production exceeding 
1.8 million ounces, up 46% over that of 1984 
and greater than in any year since 1915. 
The year's comparatively high gold prices 
in terms of Australian dollars, and the 
income tax-free status of gold mining com- 
bined to further stimulate industry's inter- 
est and action. Again, as in recent years, 
Western Australia was the principal pro- 

ducing State and experienced the greatest 
gold exploration and mining activity. 

Substantial depreciation of the Austra- 
lian dollar in March and again in November 


1985 served to increase the gap between 
U.S.-dollar-denominated gold prices and 
prices denominated in Australian dollars 
(A$). The price began the year at nearly 
A$370, compared with a London price of 
about US$308, peaked at A$510 in April 
then ranged from A$450 to A$500 for the 
rest of the year. 

Highlights of Australian gold develop- 
ments in 1985 were summarized by the 
Australian Bureau of Mineral Resources 
(BMR).'* In addition to addressing develop- 
ments at Australia's gold mines, the BMR 
noted that retreatment of old dumps for 
gold left by previous treatment was increas- 
ing; at least 53 dumps were being retreated, 
with the scale of the operations ranging 
from the Mount Morgan Ltd. and Anglo 
American Gold Pty. Ltd. 38,600-ounce-per- 
year venture in Queensland to smaller oper- 
ations with individual annual capacities of 
8,000 ounces or less. Throughout the coun- 
try, at least 26 placer mines operated, most 
of them small; the total does not include 
many small l- to 2-person operations. Ac- 
cording to the BMR, out of the total funds 
directed toward mineral exploration in Aus- 
tralia exclusive of petroleum, about 40% 
was allocated to the search for gold. 

April 4 marked the official opening of the 
new Kidston Mine, Australia's largest gold 
mine. The new mine is in the historic Oaks 
Goldfield approximately 180 miles north- 
west of Townsville in the State of Queens- 
land. Ore production at the new open pit 
started in January, and the first gold was 
poured in February. The new mine, 70% 
owned by Placer Development Ltd. and 30% 
owned by various domestic interests, pro- 
duced more than 206,000 ounces of gold 
during its first year of operation. At full 
production, Kidston was expected to yield 
281,000 ounces of gold and 164,000 ounces of 
silver per year. 

A significant gold discovery was made in 
early 1985 in Queensland's Drummond Ba- 
sin about 35 miles south of Charters Towers 
and 90 miles southwest of Townsville, by 
Pajingo Gold Mines Pty. Ltd., a subsidiary 
of Battle Mountain Gold of Houston, TX. 
Initial drilling on the Pajingo Prospect re- 
portedly produced several extremely high- 
grade intersections; one, for example, re- 
portedly included 6.6 feet of core assaying 
45.57 ounces of gold per ton. Subsequent 
drilling and examination of the ore body, 
designated as the “Janet A. Lode Zone,” 
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resulted in the identification of reserves 
bearing an estimated 500,000 ounces of gold 
and more than 1.8 million ounces of silver 
that should be minable using surface min- 
ing techniques. Six other areas, including 
the Janet B. Zone about 0.5 mile away from 
the Janet A. Zone, have been scheduled for 
investigation in the near future. The com- 
pany has authority to prospect about 2,000 
square miles in the Fajingo area. Nearby, 
another company, North Queensland Re- 
sources, reportedly held a small unexplored 
prospect designated as the "Highway gold 
prospect." Elsewhere in Queensland, the 
Mount Leyson gold deposit, a prospect held 
jointly by Noranda Pacific Ltd. (a joint 
venture of Noranda Australia, the Broken 
Hill Pty. Co. Ltd. (BHP), and the Electroly- 
tic Zinc Co. of Australia Ltd.) and Pan 
Australia Mining Ltd., had reached the 
feasibility stage and was believed likely to 
begin production by 1987. Several other 
gold properties in the State were under 
investigation, with several targeted for pro- 
duction in the near future. 

Western Mining Corp. Holdings Ltd. 
(WMCH) and its partner BP Australia Ltd. 
decided to develop the huge Olympic Dam 
project at Roxby Downs, South Australia. In 
addition to producing copper and uranium, 
the mine was expected to produce gold at a 
rate of about 96,000 ounces per year shortly 
before or following the mine's scheduled 
opening as a base metal producer in 1988. 

In the Northern Territory, the Pine 
Creek gold mine of Renison Goldfields Con- 
solidated Ltd. (RGC) and Enterprise Gold 
Mines NL began production in late October. 
The new mine at Pine Creek was to be 
operated by the partners’ company, Pine 
Creek Consolidated Ltd., and was expected 
to produce 53,000 ounces of gold and 20,000 
ounces of silver annually. In the Tanami 
area of the Northern Territory, North Flin- 
ders Mines Ltd. continued exploration and 
planning at its Granites project. The compa- 
ny planned to bring the new mine into 
production by July 1986 at an annual rate 
of about 65,000 ounces per year. Exploration 
reportedly identified five additional depos- 
its that could add substantially to the proj- 
ect's established ore reserves. In other de- 
velopments, Noranda Pacific continued ex- 
ploration of a significant gold discovery 
made in 1984 at Coronation Hill. Drilling at 
the project in 1985 indicated a large reserve 
of ore minable by surface methods, while 
geological studies suggested that a much 
larger potential may exist. Platinum and 
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palladium of unspecified quantity were re- 
portedly associated with the discovery. 
Near yearend, Peko Mines, part of Peko- 
Wallsend Group Ltd., completed construc- 
tion of surface and shaft-hoisting facilities 
at its Argo Mine (formerly Explorer 46) 
under development near Tennant Creek. 
Also near Tennant Creek, Nobles Nob gold 
mine ceased operation on January 14, after 
37 years. Milling of stockpiled ore was 
expected to continue at least through mid- 
year. Depletion of economic reserves was 
cited as a reason for the closure. 

Developments in the State of Western 
Australia, which accounted for about 70% 
of Australia’s production in 1985, continued 
to dominate the country’s gold mining 
scene. At least six new mines began produc- 
tion during the year, and improvements 
were completed at numerous others; explo- 
ration was very active. WMCH’s gold circuit 
at the Kambalda nickel operation produced 
95,523 ounces for the fiscal year ending in 
September. The company also began heap 
leaching low-grade ore from the opencut 
at the Victory Mine. Production from 
WMCH’s other Western Australian gold 
properties at Kalgoorlie, Lancefield, Mount 
Magnet, and Norseman, and not including 
production at affiliated Kalgoorlie Mining 
Associates (KMA) facilities, amounted to 
224,964 ounces for the 12 months ending in 
September. Gold production by KMA at its 
Mount Charlotte and Fimiston operations 
amounted to 234,057 ounces during the 
fiscal year. 

New mines that began operations in 
Western Australia during the year included 
the following: Esso Exploration and Produc- 
tion Australia Inc. and its partners dedicat- 
ed the new 80,000-ounce-per-year Harbour 
Lights Mine at Leonora in July. AUR NL 
started treating ore from its Mount Martin 
and Good Hope Mines between Kalgoorlie 
and Kambalda. AUR poured its first gold in 
April; production was expected to be 10,000 
to 15,000 ounces per year. Brunswick Oil 
NL began operations at its new open pit 
Galtee More Mine 5 miles northwest of 
Mount Magnet. Production was expected to 
be 45,000 ounces per year; a new 200,000- 
ton-per-year mill was scheduled for oper- 
ation in early 1986. Endeavour Resources 
Ltd. commissioned its new 40,000-ounce-per- 
year Bluebird Mine and carbon-in-leach 
treatment plant near Meekatharra. Near 
Kalgoorlie, Windsor Resources NL and 
partners began production near yearend at 
the Mount Percy open pit. The new $9 
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million mine was expected to yield 39,000 
ounces per year. The Paddington open pit 
mine of Pancontinental Mining Ltd., at 
Broad Arrow, 20 miles north of Kalgoorlie, 
was commissioned in May. The first gold 
was poured in June; annual production was 
expected to be 90,000 ounces. Finally, BHP’s 
new Gimlet South, or Ora Banda Mine at 
Ora Banda, began production at an initial 
annual rate of 10,000 ounces. 

At Western Australia’s largest gold mine, 
the Telfer Mine, east of Nullagine, New- 
mont Holding Pty. Ltd. and BHP announc- 
ed plans to increase the mine’s production 
capacity from 140,000 to 190,000 ounces per 
year. The expansion program was scheduled 
for completion by September 1986. 

Australia Mining NL announced in early 
1985 that because of depletion of economic 
ore reserves the Mount Henry Mine at 
Norseman was placed in care-and-main- 
tenance status pending the discovery of new 
reserves and/or an increase in the price of 
gold. 

In August, the Government of Australia 
approved plans by the Western Australian 
government's Perth Mint to produce gold 
coins to compete in the international mar- 
ket with gold coins offered by other nations. 
The plans reportedly called for the minting 
of 200,000 to 500,000 coins of 99.99% purity 
ranging in weight from 0.10 to 1 troy ounce, 
to be marketed during the first half of 1986. 

Brazil.—The gold rush under way in 
Brazil over the past several years continued 
to moderate, and development became more 
organized. At Serra Pelada, in the State of 
Pará, production dropped from a 1983 peak 
of about 400,000 ounces to an estimated 
70,000 ounces in 1985; most of the estimated 
30,000 to 40,000 independent miners, or 
“garimpeiros,” who were working in the 

mine's enormous hand-dug pit during the 
peak years have since been drawn to the 
many other isolated gold rush camps scat- 
tered throughout the northern part of the 
country. Gold-bearing rivers such as the 
Tapajós and others flowing out of the Andes 
Mountains and along the frontier between 
Brazil and Bolivia continued to be the 
largest centers of garimpeiro activity. 
Efforts were continued by the Govern- 
ment to develop a more accurate accounting 
of the country's gold production, especially 
that produced by garimpeiros who, at- 
tracted by premium gold prices offered 
outside of the country, reportedly sold their 
unreported production to smugglers, or sim- 
ply used it as a medium of exchange in the 
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frontier areas. Calls for official guidelines 
and policy directives aimed at achieving 
greater control over gold smuggling and 
objectionable garimpeiro mining practices 
were made on several occasions during the 
year by gold mining industry and Govern- 
ment representatives. 

In the State of Minas Gerais, the Mining 
Div. of General Mining Union Corp. Ltd. 
(Gencor), of the Republic of South Africa, 
continued to develop its underground Sáo 
Bento gold mine. The mine's new gold 
recovery plant was to incorporate a pressur- 
ized leaching system designed to maximize 
gold recovery from the highly refractory 
ore. Commissioning of the new mine was 
scheduled for the end of 1986. Production 
was expected to be about 60,000 ounces per 
year. At Paracatu, between Brazilia and 
Belo Horizonte, a large placer deposit re- 
portedly containing 3 million ounces of gold, 
1.4 million ounces of silver, and nearly 0.5 
million ounces of platinum was discovered 
by RTZ Mineração Ltd., the Brazilian sub- 
sidiary of The Rio Tinto Zinc Corp. PLC, of 
the United Kingdom. The deposit, known as 
the Morro do Ouro, was the result of more 
than 4 years of exploration by RTZ. Report- 
edly at yearend, RTZ had formed a joint 
venture with Autram Mineração e Partici- 
pações S.A. to proceed with development of 
the property. Production was scheduled to 
begin in 1987 at a rate of about 100,000 
ounces of gold per year. Concurrently, 
Autram was reportedly involved with a 
Canadian partner, Treasure Valley Explo- 
rations, of Toronto, in developing a large 
placer deposit along the Teles Pires River in 
the State of Mato Grosso. 

At Nova Lima, Mineração Morro Velho 
S.A. (MMV), an indirect subsidiary of the 
Anglo American Corp. of South Africa Ltd. 
(AAC), and its partner, the Bozzano Simon- 
sen Group, moved closer to a targeted 1987 
completion of an expansion program at its 
Raposos-Cuiaba project. The $160 million 
program was expected to increase the com- 
pany’s production capacity in the State by 
about 160,000 ounces, to 300,000 ounces per 
year. MMV also operates the old Morro 
Velho Mine near Nova Lima, where strata- 
bound, sulfide-hosted gold has been mined 
since 1835, and the Jacobina Mine in the 
State of Bahia. 

At the end of January, Cia. Vale do Rio 
Doce (CVRD), the Brazilian state mining 
company, produced the first gold from ita 
new Araci Mine, also known as the Fazenda 
Brasileiro. Construction of the open pit 
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mine, near Serrinha in the State of Bahia, 
was completed between January and Sep- 
tember 1984 and is Brazil’s first heap- 
leaching operation. About 16,000 ounces 
was expected to be produced annually. 
CVRD's plans to take over development of 
the Serra Pelada Mine in the State of Pará 
were reportedly postponed for several years 
to allow garimpeiros there to continue. 

An investigation of the genesis and for- 
mation of gold deposits in the Precambrian 
shield of Brazil concluded that the best 
potential for future discoveries of lode 
gold deposits should be in greenstones and 
younger Precambrian conglomerates.'* A 
genetic model was proposed that indicated 
repeated recycling of gold through geologi- 
cal time. 

Canada.—Canadian gold production in- 
creased for the fifth consecutive year, re- 
flecting the continuing momentum of both 
Canadian gold exploration and mine devel- 
opment. 

Gold production in Ontario increased 
13% during the year, and developments in 
that Province were highlighted by the open- 
ing of three large underground mines at 
Hemlo. Just 3 years from discovery and 2 
years since construction began, the Golden 
Giant Mine at Hemlo poured its first 1,000- 
ounce bar of production gold. The Golden 
Giant Mine is owned by Noranda Mines 
Ltd. and its partners Golden Sceptre Re- 
sources Ltd. and Goliath Gold Mines Ltd. 
Production at the Golden Giant was ex- 
pected to reach 330,000 ounces per year by 
1988. At the end of May, Teck Corp. and its 
partner International Corona Resources 
Ltd. poured their first gold at the Teck- 
Corona Mine. Annual production at the new 
Hemlo facility was expected to be about 
250,000 ounces by 1987. Nearby, Lac Miner- 
als Ltd., of Toronto, brought its Page- 
Williams Mine on-stream in December. Pro- 
duction from this mine was to reach 200,000 
ounces in 1986 and reportedly could rise to 
400,000 ounces per year by 1989. Believed to 
be the most significant discovery in over 50 
years in Canada, the Hemlo deposit may 
eventually increase Canadian production 
from its present 2.7 million ounces per year 
to nearly 3.5 million ounces. 

At the Detour Lake Mine, 120 miles 
northeast of Timmins, Ontario, operations 
at the open pit were scheduled to end in 
1986, and at about the same time, a 17- 
month shutdown was reportedly planned to 
accommodate changes in the mine’s devel- 
opment plan. In midyear, Kidd Creek Mines 
Ltd., Toronto, announced a decision to ex- 
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pand crushing capacity and build a new 
gold recovery plant at its Kidd Creek 
copper-zinc-silver-gold mine at Timmins. 
The expansion was to accommodate produc- 
tion from the company’s new Hoyle Pond 
and Owl Creek Mines. The Hoyle Pond 
Mine, near Timmins, was scheduled to be- 
gin production in early 1986 and was ex- 
pected to produce about 45,000 ounces of 
gold per year. The Owl Creek open pit mine, 
which began production in 1982, is just west 
of Hoyle Pond and produces about 25,000 
ounces of gold per year. 

Other Canadian gold mines moving to- 
ward production in the near future include 
Sherritt Gordon Mines Ltd.’s new 70,000- 
ounce-per-year MacLellan Mine near Lynn 
Lake, Manitoba; Mascot Gold Mines Ltd.’s 
open pit project at Hedley, British Colum- 
bia; and Total Erickson Resources Ltd.'s 
Mount Skukum project, about 40 miles 
south of Whitehorse in the Yukon Territo- 
ry. Corona’s Cullaton Lake property in the 
Northwest Territories was closed, as was 
Teck's Lamaque Mine at Val d'Or, Quebec. 

Although gold exploration activity was 
high throughout the gold-producing areas of 
Canada, it was especially high in the Mari- 
time Provinces and in the Province of Que- 
bec. Stimulated by the discovery near year- 
end by Teck Explorations Ltd. and its part- 
ners Golden Hope Resources Inc. and Gold- 
en Group Explorations Inc. of a small, high- 
grade gold, silver, copper, and zinc deposit 
near Casa Berardi, in Estrades Township, 
northwestern Quebec, numerous companies 
accelerated a rush to secure land positions 
in the area. Inco, one of the original compa- 
nies that had been exploring in the area 
since 1981, touched off the rush when signif- 
icant gold values were intersected during a 
drilling program along an extension of the 
main ore zone of its Golden Pond deposit, 
where Inco, with its partner Golden Knight 
Resources Ltd., had earlier begun an under- 
ground exploration program. At yearend, 
several dozen companies had secured land 
positions in the Casa Berardi area, and a 
few new gold strikes had reportedly been 
made. Investor interest, based largely on 
the results of preliminary drilling in the 
area, was reflected in a large early Decem- 
ber increase in speculative trading activity 
on the Vancouver, British Columbia, stock 
exchange. 

On the southwest coast of the island of 
Newfoundland, BP Resources Canada Ltd. 
continued to evaluate its Chetwynd gold 
deposit. By yearend, the company had com- 
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pleted 58 drill holes indicating preliminary 
reserves of about 1.6 million ounces of gold. 
A 9,500-ton heap-leach recovery test show- 
ing a 61% recovery rate was also conducted. 
Development of the property was expected 
to begin in 1986. Gold discoveries near the 
island’s south coast, at White Bay on the 
north coast, and to the north in Labrador, 
also stimulated major claim staking and 
land acquisition in the Province of New- 
foundland. The number of new claims stak- 
ed reportedly exceeded 13,000, and more 
than 27,000 were reportedly in good stand- 
ing at yearend. About 30 companies were 
involved in the new claim activity. Gold 
exploration activity was also reviving in the 
Provinces of New Brunswick and Nova 
Scotia, where new discoveries in recent 
years were prompting a reexamination of 
old goldfields and grassroots efforts in 
unexplored areas. 

As a result of restrictions near yearend 
on the importation of South African Kru- 
gerrands by a number of countries, the 
Canadian Maple Leaf bullion coin market 
benefited significantly, and sales reached 
an all-time high, rising from 1 million 
ounces in 1984 to nearly 1.9 million ounces 
in 1985. 

China.—The Government of China con- 
tinued to formulate economic policies and 
provide incentives aimed at rapidly increas- 
ing the country’s production of gold, which, 
as an export commodity, may be quickly 
liquidated to earn much-needed foreign ex- 
change credits. At a gold mining conference 
in October, China’s New Minister of Geolo- 
gy and Mineral Resources indicated that 
the Government planned to double the 
country’s present annual output by 1990. To 
encourage greater production and discour- 
age gold smuggling and hoarding, the Gov- 
ernment began to maintain the price at 
levels in line with the world market price. A 
crackdown on gold smuggling was intensi- 
fied during the year, and nearly 1,000 per- 
sons were reportedly fined or imprisoned. 
Gold was reportedly used as a medium of 
exchange for the purchase of luxury and 
restricted goods, such as television sets and 
drugs from outside the country. 

The Government continued to step up its 
efforts to sell its gold production as fabricat- 
ed products on both domestic and interna- 
tional markets. The popularity of Gold Pan- 
da coins minted in Shanghai by the China 
Mint Co., an affiliate of China’s Central 
Bank, continued to grow, and the Govern- 
ment was reportedly continuing to encour- 
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age domestic fabrication of jewelry products 
in response to increasing demand by the 
Chinese people. 

Reports of Chinese gold discoveries and 
new mine developments continue to in- 
crease every year. Gold was reportedly 
being mined in 400 Chinese counties. Chi- 
na's largest deposit, the Jiaojiashi gold mine 
in northern Shandong Province, was report- 


„edly estimated to contain about one-third of 


the country's verified primary gold re- 
serves. Information released on the discov- 
ery suggested that the deposit may be a 
large low-grade disseminated-type deposit. 

Colombia.—Apparently stimulated by a 
1984 Government decision to pay a 30% 
premium over world gold prices, gold pro- 
duction in Colombia registered a nearly 
44% increase over that of 1984. Foreign and 
domestic participation in gold ventures 
throughout Colombia remained at a high 
level throughout the year. The Instituto 
Nacional de _ Investigaciénes Geológico- 
Mineras, an autonomous Government agen- 
cy responsible for mineral exploration and 
preliminary mining studies, issued a report 
summarizing the most promising areas to 
prospect for new lode and placer deposits of 
gold and silver in Colombia. The area with 
the best potential for vein-type lode gold 
was reported to be the Cordillera Central 
because of extensive fracturing and fault 
structures; the volcanics on the western 
edge of the Cordillera were reported to be 
the most promising formations for discov- 
eries of disseminated-type deposits. The 
promising placer zones detailed in the re- 
port offer the best prospect for discovery 
and increased gold output in the near term, 
with the Guaninia Zone near Brazil ranked 
as having the best potential for placer gold 
discoveries. The report included maps and a 
selected bibliography. 

Japan.—Interest in gold as an investment 
vehicle, as well as gold use in fabricated 
products, especially jewelry, continued to 
expand in 1985, and as a consequence, 
Japan moved closer to being one of the 
world’s leading gold markets. Japanese in- 
terest and activity directed toward gold 
exploration and mine development also con- 
tinued at a high level. 

In July, Sumitomo Metal Mining Co. Ltd. 
began production at its rich Hishikari gold 
mine in Kagoshima Prefecture on Japan’s 
southern island of Kyushu. The deposit, a 
classic epithermal (low-temperature) depos- 
it characteristic of the Island Arc volcanic 
setting, was reportedly discovered in 1978 
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by an airborne electromagnetic survey con- 
ducted in an area previously thought not to 
host precious metals deposits. The grade of 
the ore under development was reportedly 
about 2.3 ounces per ton; 3.9 million ounces 
of reserves had been delineated by the time 
production began. Production costs for the 
planned 174,000-ounce-per-year operation 
were expected to be among the lowest in the 
world. Exploration in the Hishikari area by 
Japan’s Metal Mining Agency reportedly 
led to the discovery of a gold prospect 
between Sumitomo’s new mine and the 
Kushikiso gold mine of Mitsui Mining & 
Smelting Co. Ltd. 

Initial assays of material returned from 
drilling a new well at a hot spring at Mount 
Aso, near the existing Hita gold mine in 
Kyushu's Oita Prefecture, reportedly show- 
ed about 0.6 ounce of gold per ton, plus 
silver and copper values. 

Yatani Mining Co. Ltd., a subsidiary of 
Mitsubishi Metal Corp., reportedly discover- 
ed a high-grade gold occurrence in its Yata- 
ni lead and zinc mine, in the Yamagata 
Prefecture of northern Honshu. 

Oceania.—This area has in recent dec- 
ades yielded significant precious and base 
metals deposits, such as those developed in 
Papua New Guinea at Ok Tedi, on the 
mainland, and at Panguna, on Bougainville 
Island. Exploration over the past several 
years has resulted in the discovery of addi- 
tional deposits, and discoveries announced 
during 1985 suggest that the rate of success 
is accelerating. 

Interest was generated in 1985 by the 
release of a report detailing the discovery of 
anomalous gold values on the Island of 
Palau, along the Pacific Rim in the Caroline 
Islands north of New Guinea. According to 
the report, a brief reconnaissance of the 
island by the U.S. Geological Survey had 
resulted in the discovery of a large, as yet 
unassessed, epithermal gold system.“ 

In Papua New Guinea in the Enga Prov- 
ince of the Western Highlands, between 
Mount Hagen and Ok Tedi, exploration 
continued at the Porgera joint venture by 
Placer (P.N.G.) Pty. Ltd. and its partners 
Mount Isa Mines Ltd. and RGC. The part- 
ners had outlined a large reserve of gold- 
and silver-bearing ore, much of which is not 
recoverable by simple cyanide leaching. 
Metallurgical tests, however, demonstrated 
that a flotation and pressure oxidation proc- 
ess would be technically feasible. The part- 
ners planned to drive an exploration adit in 
1986 to more fully evaluate the high-grade 
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portion of the ore body. Placer also contin- 
ued exploration at its gold and silver prop- 
erty on Misima Island, to the east of the 
mainland coast. 

A partnership of Nord Resources Corp., 
Kennecott Explorations (Australia) Ltd., 
and Niugini Mining Ltd., exploring in the 
Tabar Islands group of Papua New Guinea, 
encountered encouraging results at three 
gold prospects on Tatau Island and at four 
prospects on Simberi Island, 5 miles to the 
north. To the southeast, in the Linetz- 
Lamond area of Lihir Island, the partners 
continued to evaluate a gold discovery 
announced in 1984. Preliminary diamond 
drilling results released at yearend 1985 
reportedly indicate that a potential gold 
reserve of nearly 12 million ounces may 
exist. The partners were also exploring on 
the island of New Hanover, Woodlark Is- 
land, and in the Ramu River area of main- 
land Papua New Guinea. Also in Papua 
New Guinea, Esso PNG Inc. and City and 
Suburban Properties Ltd., of Sydney, Aus- 
tralia, were reported to be prospecting in 
the D'Entrecasteaux Island group of Milne 
Bay, in the Feni Islands, and on the island 
of New Britain, while Newmont Mining was 
reportedly prospecting in the Tanga Is- 
lands. 

Activity increased in the Solomon Is- 
lands, with interest centering around the 
old gold deposits on Guadalcanal Island; 
Cyprus Minerals Co. was reportedly pros- 
pecting in the Gold Ridge area, while an 
Australian company, Zanex Ltd., was re- 
portedly preparing to start mining a placer 
deposit on the Matepono River with its 
partner, a local company, Mavu Gold Devel- 
opment Ltd. 

In 1985, 95% of the gold produced in 
Oceania came from two large mines in 
Papua New Guinea, the Panguna and Ok 
Tedi operations. At Panguna, on the Island 
of Bougainville, Bougainville Copper Ltd. 
produced more than 462,000 ounces of gold 
as a byproduct of its copper mining oper- 
ations in 1985. The decline in gold produc- 
tion from the 1984 level of about 504,000 
ounces reflected a continuing decline in the 
gold content of the ore mined; production of 
mined ore and concentrate had increased 
7% over that of 1984. 

On the mainland of Papua New Guinea, 
the new Ok Tedi gold and copper mine, 
which began production in 1984, produced 
an estimated 546,000 ounces of gold despite 
a 5-week hiatus beginning in February. The 
break in production stemmed from a dis- 
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agreement between the Government of Pap- 
ua New Guinea and the mine’s owners 
concerning the time at which the second, or 
copper, development phase would begin, 
relative to the completion of the first min- 
ing phase—the extraction of the mine's 
gold-rich cap. An agreement was reached in 
March whereby the operators would accel- 
erate preparations for the development of 
the copper production phase. The new mine 
is one of the largest gold mines in the world 
outside of the Republic of South Africa and 
the U.S.S.R. Situated at Mount Fulbian in 
the rugged Star Mountains near the border 
between Papua New Guinea and Indonesia, 
the mine was developed by two U.S. compa- 
nies, plus a West German consortium and, 
later, included the Government of Papua 
New Guinea; the associates together make 
up Ok Tedi Mining Ltd. The location is 
perhaps one of the most inhospitable in the 
world today, with normal mean rainfall of 
312 inches distributed over a rainy season 
lasting for 339 days per year. 

Near the north mainland coast, New 
Guinea Goldfields Ltd. (NGG), controlled by 
RGC and Consolidated Gold Fields, produc- 
ed about 11,000 ounces of gold and 7,800 
ounces of silver from Jode and placer mine 
operations at Wau. The company began 
construction of a new 440,000-ton-per-year 
mill and carbon-in-pulp plant that was 
scheduled for completion in early 1986. 

Other gold-producing countries around 
the southern Pacific Rim include Indonesia, 
Fiji, and New Zealand. They registered 
production increases during the year of 7%, 
24%, and 108%, respectively. Each also 
registered a substantial increase in gold 
exploration activity as well as development 
at new or existing operations. 

Peru.—In May, the Government of Peru, 
responding to a need to attract investors to 
the country's gold mining industry by pro- 
viding more flexibility in its gold mining 
laws, modified a number of regulations 
pertaining to gold mine investment and/or 
reinvestment programs. Reinvestment reg- 
ulations were simplified and some burden- 
some aspects were removed altogether. Di- 
rect investment programs, where previous- 
ly only reinvestment was permitted, were 
added and both kinds of programs together 
were structured to clarify investment incen- 
tives in the areas of minerals rights, explo- 
ration, equipment purchases, construction 
of infrastructure and access facilities, and 
installation of advanced recovery processes. 

Philippines.—Gold production in the 
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Philippines increased slightly in 1985. De- 
spite gold rushes reportedly under way in 
several Provinces, some marginal gold and 
copper operations were forced to suspend 
work because of rising mining costs and low 
world metals prices. 

The Benguet Corp., the country’s largest 
gold producer, reported a drop in gold out- 
put from its five underground gold mines 
near Baguio City in Benguet Province and 
its open pit Dizon copper-gold mine in 
Zimbales Province. Production from the 
Baguio City mines amounted to 112,000 
ounces compared with 114,000 ounces in 
1984. During the year, the company began 
open pit mining at two mineralized areas 
associated with the deposit cut by the five 
underground operations. The company also 
acquired a controlling interest in the Lto- 
gon Mine adjacent to its Acupan Mine. At 
the Dizon Mine and concentrator in San 
Marcelino, production of byproduct gold 
from the copper mining operations was 
129,000 ounces, compared with 144,000 in 
1984. In 1985, nearly 16 million tons of 
copper-gold ore plus waste rock were mov- 
ed. The decline in gold production was a 
direct result of a 12% reduction in the gold 
content of the ore mined during the year 
plus a slight drop in gold recovered by the 
mill. Benguet also conducted extensive ex- 
ploration and development work at its Para- 
cale Gold project in Camarines Norte Prov-. 
ince, and exploration for gold, copper, and 
other metals in various Philippine Prov- 
inces until financial limitations forced 
many projects to be suspended toward year- 
end. 

Atlas Consolidated Mining and Develop- 
ment Corp. reported that 160,002 ounces of 
gold was produced at its operations on Cebu 
and Masbate Islands, compared with nearly 
190,000 ounces in 1984. The heap-leaching 
plant at the Masbate Gold Operation 
(MGO), which began production in late 
1984, produced 6,301 ounces of gold during. 
its first full year of operation. Gold produc- 
ed at MGO's open pit operation amounted 
to nearly 79,000 ounces, or slightly less than 
in 1954. Exploration by Atlas was held in 
abeyance during the year pending improve- 
ment in the outlook for its products. 

Exploration for gold was conducted by a 
number of other companies operating in the 
islands. RGC continued drilling at its Tirad 
project, and prospecting on Bohol Island by 
Colfax Energy Ltd. and its partner Black 
Gold Oil & Gas Ltd. reportedly detected 
promising gold values. 
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Gold rushes were reported on the islands 
of Mindanao and Negros, where controls 
were imposed on the various operations 
following problems associated with unsafe 
working conditions and gold smuggling. 

South Africa, Republic of.—Effective 
April 1, the mining tax surcharge paid by 
all domestic gold and diamond mines was 
increased by 5%, to 25%. A 34% decline in 
the value of the rand against the U.S. 
dollar, plus relatively stable dollar-denom- 
inated gold prices, combined to produce 
increased revenue for the country’s gold 
mines. 

From September 1983 through the end of 
1984, the South African Reserve Bank had 
been paying for domestic gold mine produc- 
tion with dollars. Beginning in January 
1985, this payment to the mines in dollars 
was reduced by one-half with the remaining 
one-half paid in rands, and by December, 
the bank reverted to paying for production 
exclusively in rands. 

Superimposed on these and other internal 
developments, especially during the second 
half of the year, were actions taken by 
several foreign governments to ban the 
importation of Krugerrands and to impose 
restrictions on business-related activities 
with the Republic of South Africa. 

In the meantime, labor strife continued to 
mount and manifest itself at some of the 
country’s gold, coal, and platinum mines. 
On April 26, about 15,000 gold miners were 
fired following their participation in a re- 
portedly illegal 24-hour strike for higher 
wages. The majority of the dismissed min- 
ers were employed at the Vaal Reefs Mine 
of AAC; concurrently, Anglovaal Ltd. fired 
a number of strikers at its Hartebeestfon- 
tein Mine. A strike by the National Union 
of Mineworkers (NUM) against selected 
South African gold and coal producers be- 
gan on September 3, but was called off the 
following day when only a small percentage 
of NUM’s estimated 150,000 members par- 
ticipated. 

Of the nearly 21.6 million ounces of gold 
produced in the Republic of South Africa 
during the year, 20.5 million ounces was 
produced by the 33 mines that together 
represent the membership of the Chamber 
of Mines of South Africa. The remainder 
was recovered by small independent gold 
producers or as a byproduct of other mining 
sectors. The total ore milled by Chamber 
members, including ore milled by produc- 
ers of byproduct and coproduct uranium, 
amounted to 115.3 million tons, averaging 
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0.18 ounce of gold per ton; in 1984, 111.5 
million tons, averaging 0.19 ounce per ton, 
was milled. Working costs for South African 
gold mines in 1985 averaged'* $155.27 per 
ounce and ranged from $87.69 per ounce at 
the Kloof Mine to $320.88 per ounce at East 
Rand Proprietary. Production by the six 
major mining groups was as follows, in 
million ounces: AAC, 7.7; Gold Fields of 
South Africa Ltd., 4.1; Gencor, 3.7; Rand 
Mines Ltd., 2.1; Johannesburg Consolidated 
Investment Co. Ltd. (JCD, 1.6; and Anglo- 
vaal, 1.2. 

In terms of individual mine output, the 
largest South African gold mines, in mil- 
lions of ounces of production, were Vaal 
Reefs with 2.6; Driefontein Consolidated 
with 2.1; Western Holdings, Buffelsfontein, 
and Western Deep Levels with about 1.2 
each; and Harmony with just over 1.0. 
Estimates of fully developed or blocked-out 
gold ore reserves reported by the Chamber 
of Mines at the end of 1985 amounted to 
nearly 500 million tons, containing, on aver- 
age, about 0.30 ounce of gold per ton. A 
comprehensive review of South African gold 
mining including historical and statistical 
details on production, labor, and mine fi- 
nancing was published in 1985.15 

In an attempt to increase production and 
reduce working costs, AAC continued to 
seek approval of its previously announced 
plans to merge four of its gold mining 
companies in the Orange Free State to form 
Free State Consolidated Gold Mines Ltd., 
also known as Freegold. The merger, one 
that would create the world’s largest single 
gold mine, producing about 3.6 million 
ounces and employing 105,000 people, had 
received Government approval by yearend 
but was yet to be approved by shareholders 
of the affected companies. Gold Field’s 
Kloof Gold Mining Co. Ltd. announced 
plans to establish a new division, the Leeu- 
doorn Div., to exploit recently discovered 
ore reserves near its existing operations in 
the Transvaal. A new main shaft and venti- 
lation shaft connecting the existing work- 
ings with the new reserve area were under 
construction near yearend. Plans called for 
a doubling of milling capacity by the end of 
the century. Gencor announced that its new 
Beatrix Mine in the Orange Free State, 
which began production in late 1983, had 
attained its planned full production rate of 
more than 2.2 million tons of ore per year. 

Exploration continued for new gold ore 
bodies and extensions to existing deposits in 
the Republic of South Africa. In the Orange 


Free State, JCI and AAC completed their 


drilling and exploration program in the 
Theunissen District and reportedly decided 
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to proceed with the sinking of two prospect 


shafts at the site, known as the Joel Pros- 
pect. In the Barberton region of the eastern 
Transvaal, Southland Energy Corp., a U.S. 
company, reportedly completed its first- 
phase exploration program at the old 
Makonjwaan and Imperial Mines. Favor- 


able preliminary drilling results reportedly 


Table 16.—Gold: World mine production, by country! 
(Troy ounces) 
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led the company to propose a broader pro- 
gram of exploration to several potential 
partners. 

U.S.S.R.—Estimated net exports of gold 
from the U.S.S.R. and the centrally planned 
economy countries to the market economy 
countries were reported to have increased 
for the second consecutive year, rising from 
nearly 6.6 million ounces in 1984 to 6.8 
million ounces or more in 1985.* 
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Table 16.—Gold: World mine production, by country! —Continued 


(Troy ounces) 


Country? 1981 1982 1983 1954P 1985* 
Suriname ________________-__-_----~- 823 599 482 322 500 
Sweden 70.000 77,160 102,880 122,173 140,000 
Taiwan’ __ ñ 8 56.695 71,770 52.361 37.794 30.600 
T ) C 400 600 800 2,680 2.700 
SSRS a er 8 8,425,000 8,550,000 8,600,000 8.650.000 8,700,000 
United States 1.379.161 1,465,686 "2,002,526 2.084.615 22.475, 436 
Venezuela 27,810 27.993 €33 200 F 50,885 72,900 
vugosla via 7115,164 7135,45] 136,255 *140,000 145.000 
% AST é 165,169 160.733 192.930 117.115 75.000 
fn 8 10.545 13.439 10.160 12.185 11.600 
Zimbabwe... e 1.000 426,000 453,373 478,306 480,000 
Total. uu Lem ] ec Aen ed 141.250.525 °43,126.517 44,995,806 46.408.295 — 48,216,620 
*Estimated. Preliminary. Revised. 


Table includes data available through June 10, 1986. 


Gold is also produced in Bulgaria, Burma, Czechoslovakia, the German Democratic Republic, Guinea, Norway, Poland. 
Senegal, Thailand, and several other countries. However, available data are insufficient to make reliable output 


estimates. 
* Reported figure. 


‘Officially reported figures are as follows, in troy ounces: Major mines: 1981—140,691; 1982— 148,408; 1983— 199,206; 
1984— 213,963; and 1985— not available. Small mines (garimpos): 1981—414,744; 1982—671,982; 1983— 1,526,775; 1984— 


982,623; and 1985— not available. 
S Refinery output. 


*Excludes production from so-called people's mines," but includes gold recovered as byproduct of copper mining. 
"These figures are based on gold taxed for export and include gold entering Liberia undocumented from Guinea and 


Sierra Leone. 


production series for Mexico revised since 1980 to reflect mine output data published for each State and municipality. 
*Excludes estimates of gold produced in Sierra Leone, which is moved through undocumented channels for sale in 


Liberia. 


TECHNOLOGY 


Research directed toward the recovery of 
gold and other precious metals from pri- 
mary and secondary sources was continued 
by the Bureau of Mines in 1985. The Bureau 
reported on the application of particle ag- 
glomeration technology to finely ground 
precious-metals-bearing tailings. It conclud- 
ed that decreased leaching time and im- 
proved precious metals recovery made the 
technology cost effective. 

A procedure for selectively extracting 
platinum-group metals and gold from flota- 
tion concentrate from the Stillwater Com- 
plex (Montana) was devised by the Bureau. 
The two-stage leaching scheme, employing 
roasting followed by several leaching steps, 
extracted up to 99% of the gold, 97% of the 
platinum, and 92% of the palladium from 
the roasted concentrate. Techniques for re- 
covering the precious metals from the preg- 
nant solution were addressed.™ 

Gold and silver are commonly recovered 
from cyanide solution either by chemical 
precipitation onto zinc dust (the Merrill- 
Crowe process) or by electrochemical deposi- 
tion onto a cathode fashioned of stainless 
steel wool. Chemical methods of processing 
the precious-metals-bearing steel zinc pre- 
cipitates and steel wool cathodes were in- 
vestigated by the Bureau. Leaching-pre- 


cipitation experiments performed on the 
cathodes and precipitates recovered 99.9% 
of the gold as a gold-bearing residue. Treat- 
ment of the residue produced gold precipi- 
tates that ranged in fineness from 997 to 
999 fine. The method was said to provide a 
viable technique for the smaller operator to 
produce high-purity gold without using py- 
rometallurgical refining methods. 

Hydrometallurgical procedures for con- 
centrating precious metals from a mechan- 
ically processed metal fraction of obsolete 
military electronic scrap were tested by the 
Bureau. Included was a three-step process 
evaluation study of mechanical processing 
of general electronic scrap and two hy- 
drometallurgical procedures for leaching 
high-tension-separated metallic concen- 
trates obtained from the mechanical proc- 
essing step. Process evaluation concluded 
that only mechanical processing is econom- 
ically viable. 

The application of microbiology to gold 
exploration and processing was featured in 
several reports. Research at the U.S. Geo- 
logical Survey suggested that the anoma- 
lous presence of aerobic spore-forming bacil- 
li of the Bacillus Cereus group in stream 
and soil sediments may be a sensitive indi- 
cator of several types of concealed mineral 


GOLD 


deposits, including vein-type gold deposits. 
Preliminary tests suggest that measure- 
ment of the relative populations of certain 
soil bacteria may prove to be a more sensi- 
tive exploration tool than conventional 
geochemical techniques.” 

A report on the use of biological leaching 
to pretreat or dissolve pyrite and liberate 
contained gold discussed the successful op- 
eration of a continuous bioleach circuit 
applied to gold-bearing concentrate from 
Placer Development’s Porgera deposit in 
Papua New Guinea. Bioleach residues were 
cyanide-leached to extract gold and silver 
values. The features and advantages of 
biological oxidation as a pretreatment for 
refractory precious metal ores and concen- 
trates were discussed.* Another report, de- 
tailing recent developments in gold process- 
ing, including the bioxidation process refer- 
enced above, discussed how the Homestake 
gold mine at Lead, SD, recently began 
treating its cyanide-bearing process waste- 
water with a technique utilizing a sub- 
species of the bacterium Pseudomonas. The 
bacteria degrade cyanide and thiocyanide, 
thereby reducing the quantity of weak-acid- 
dissociable cyanide in wastewater dis- 
charges to less than 50 parts per billion.” 
Japanese researchers reportedly found that 
ultrafine particles of gold, observed using a 
special technique, appeared to change shape 
as gold atoms moved around on the surface 
of the particles. This change in shape was 
reportedly caused by the fact that all of the 
gold atoms comprising the ultrafine parti- 
cles moved in a manner to form various 
crystalline structures.“ 

A new prototype gas chromatography de- 
tector, developed by Professor Robert E. 
Sievers, University of Colorado, employs a 
gold catalyst to detect some atmospheric 
pollutants heretofore not readily detectable. 
The new detector, known as the Redox 
Chemiluminescence Detector, was reported- 
ly capable of detecting substances such as 
formaldehyde, carbon monoxide, formic 
acid, and many others. It may, in addition, 
provide a new way to synthesize a variety of 
oxidation products, such as compounds use- 
ful in manufacturing plastics.” 

A 4-year study conducted by the Mineral 
Industry Research Laboratory, at the Uni- 
versity of Alaska, resulted in the develop- 
ment of a radiotracer technique for evaluat- 
ing the fine gold recovery characteristics 
and performance of gravity concentrators. 
In the technique, fine particles of native 
gold, those small enough to pass through a 
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40-mesh screen, were weakly activated in a 
nuclear reactor then introduced into experi- 
mental separation devices. Process water, 
upon exiting the separation device, was 
piped into a compound water cyclone where 
concentration and recovery of the fine gold 
not captured by earlier separators was per- 
formed. By using gamma radiation detec- 
tors to measure the progress of the radioac- 
tive particles through various recovery 
Stages, researchers were able to rapidly 
evaluate the effectiveness of the recovery 
technique employed and avoid the time- 
consuming and relatively inaccurate sam- 
pling and assaying steps previously re- 
quired.” 


1Physical scientist, Division of Nonferrous Metals. 
nce refers to troy ounce. 
Federal Register. V. 50, No. 192, Oct. 3, 1985, p. 40325. 
. Nonferrous Metals Manufactu Point Source 
E, 


Slide Limitations Guidelines, tment 
and New Source Performance Standards; Final 
Rule. V. 50, No. 183, Sept. 20, 1985, pp. 38276-38402. 
Ore Mining and Dressing Point Source Cate- 
gory: € Gold P Placer Mining; Effluent Limitations Guidelines 
New Source Performance Stan ; Pro 
lation. V. 50, No. 224, Nov. 20, 1985, pp. 4798 15. 
*State of Colorado. Senate Bill No. 94., Revised Statutes, 
Title 34, Sec. 32, Para. 110, 1985. 
"State of Washington. State of Washington Laws, 1985. 
cna ter 471, Engrossed Substitute Senate Bill No. 4228, 
ct Relating to Revenue and Taxation, Sec. 5, Paras. 1- 
Alaska Office of Mineral Development, Alaska Division 
of ska sd and Geophysical Surveys, Division of Mining. 
Alaska' 18 EE 1985. Spec Rep. No. 39, Fair- 
l pp. 
— H. Y Mining and Mineral Developments in 
Montane— 1985. Mont. Bur. Mines and Geol., MBMG 163, 
pp 
10Ferns, M. L., H. C. Brooks, J. J. Gray, and L. Ram 
Oregoni Minera! Industry Activity in 1985. OR De el 
and Miner. Ind., OR Geol., v. 47, No. 4, Apr. 1986, pp. 39-44. 
"Joseph, N. L. Washington's Mineral Indust ar 
Wash. Div. Geol. and Earth Res. Wash. Geol. N „ V. 14, 
Nos. 1-2, Jan.-Apr. 1986, pp. 1- 14. 
1 Milli -Stanley, G., and T. Green. Gold 1986. Consoli- 
dated Gold Fields ic, London, May 1985, 72 pp. 
13Kimbell, C. L., T. Q. Lyday, and H. R. Newman. 
Mineral Industries of Australia, and Oceania. 
BuMines Mineral Perspective, 1985, 69 pp. 
14Bureau Mineral Resources „Geology. and Geophysics. 
Gold. Australian Mineral Industry Ann Annual Review, Pre- 
liminary Summa may 1985. GPO Box 378, Canberra, ACT 
2601, Australia, Feb. 1986, 2 pp. 
168 A., and F. E. Renger. Gold Mining in Brazil. 
Minas Novas d uisa e Lavra Ltd., Rio de Janeiro: Braz. 
os. 7-8, July-Aug. 1985, pp. 351-358. 
. L. Oro Plata En Colombia—Areas 
Energ., Inst. Nac. Invest. 
Geol. Miner, oe 1985, 59 pp 
17Rytuba, J.J, W. R. Miller, and J. H. Stewart. Rois 
Malk Geet Gold System, Republic of Palau. U.S. 
Geol. Surv. Open-File Rep. 85-606, LE 
I Values have been converted from 


can rands 
(R) to U.S. dollars at the rate of R1. 000850 4654 fo ſor ez 
NR in Int. Financial Stat., v. 39, No. 5, May 1986 
P 

10 published by Marketing Services Department, 
national Services Department, 1 Cold Co 
Ltd. Gold and South African Gold Mines. P.O. Box 61 
2107 Marshalltown, Johannesburg, Republic of South 
Africa. July 1985, 107 pp. 
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Graphite 


By Harold A. Taylor, Jr.’ 


No domestic amorphous graphite materi- 
al was mined in 1985. All natural graphites, 
including crystalline flake, were in more 
than adequate supply as demand by indus- 
trial users tapered off from the previous 
year. Prices of the major imported graphites 
generally increased from those of 1984, 
except for the price of Sri Lankan graphite, 
which dropped 26%. 

Production of manufactured graphite 
decreased 6% to 246,000 short tons valued 
at $628 million. Production of graphite fi- 


bers increased 38% to 1,902 tons valued at 
$112 million. 

Domestic Data Coverage.—Domestic pro- 
duction data for synthetic graphite are 
developed by the Bureau of Mines from a 
voluntary survey of domestic producers, 
titled Synthetic Graphite." Of the 38 oper- 
ations to which a survey request was sent, 
97% responded, representing 100% of the 
total production data shown in table 4 since 
the 2 nonrespondents were not included. 


Table 1.—Salient natural graphite statistics 


1981 1982 1983 1984 1985 

United States: 
Production short tona. . im W W W a 
Apparent consumption’ |... do- 54.315 W w W 42,578 
Xportb onn ³⅛Vwmß Lac iiu do 11.344 10.335 9.435 7.096 10.159 
Nal — lau oc eee thousands. _ $4,433 $4,099 $3,455 $2,807 $3,830 
Imports for consumption! short tons. 65,659 53,150 43,586 58,246 52,737 
Oe ee raul sh ue thousands 319.093 315.676 311.921 314.579 $16,186 
World: Production -- -- --------- short tona. . 649,093 619.928 664.029 685,507 676,740 


Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 


Data do not include artificial graphite. 


Legislation and Government  Pro- 
grams.—There were no acquisitions or dis- 
posals of strategic graphite in 1985. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. Substantial changes were proposed 
for the graphite goals: 13,996 tons of Mada- 
gascar crystalline flake, 5,059 tons of Sri 
Lankan amorphous lump, and 2,237 tons of 


crystalline graphite other than Madagascar 
and Sri Lanka would be in tier I, and 415 
tons of Sri Lankan amorphous lump would 
be in tier II. Department of Defense Author- 
ization Act, 1986 (Public Law 99-145), signed 
by the President on November 8, 1985, 
stated that no action may be taken before 
October 1, 1986, to implement or administer 
any reduction in a stockpile goal in effect on 
October 1, 1984. 

Production of graphite fibers made from 
pitch was considered for funding under title 
3 of the Defense Production Act. The fund- 
ing would be used for purchase guarantees 
for domestically produced graphite fiber 
made from pitch, or possibly for manufac- 
turing technology or industrial moderni- 
zation. 
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Table 2.—U.S. Government stockpile goals and yearend stocks of natural graphite 
in 1985, by type 
(Short tons) 

National 
Type Goal stockpile 
inventory 
Madagascar crystalline flake _.____.___---.-~.---_~-~-+-----~------+--- 20,000 17,829 
Sri Lanka amorphous lump ;;: ee eo 6,300 5,444 
Crystalline, other than Madagascar and Sri Lanka - - - - -- ------------------- 2,800 1,933 
Nonstockpile-grade, all types - ~- - - ------ ----------------------------- Gei 932 


Source: General Services Administration. Inventory of Stock 


DOMESTIC PR 


United Minerals Co. began producing siz- 
able amounts of low-grade amorphous gra- 
phitic material by open pit mining from the 
claims of National Minerals Corp. near 
Townsend, MT, in 1982. Production had 
been tapering off, and ceased in 1985. 
Graphite Sales Inc. continued to make the 
material available. Other domestic deposits 


pile Materials as of Dec. 31, 1985. 


ODUCTION 


of graphite received little or no attention. 
Output of manufactured graphite de- 
creased 6% to about 246,000 tons, at 35 
plants, with a likelihood of some unreported 
production for in-house use. 
Production of all kinds of graphite fiber 
and cloth increased 38% to 1,902 tons. 


Table 3.— Principal producers of manufactured graphite in 1985 


Compeny Plant location Product! 

Airco Carbon, a division of Airco Ine Niagara Falls, N Anodes, Soc: crucibles, motor 
PJ7ͤ’˙— ] ee eee Punxsutawney, PA brushes, refractories, unmachined 
|» EE St. Marys, PA shapes, powder. 

Do. ass es BS le Ea fe pers bale 5888 

Ashland Petroleum Co., Carbon Fibers Div Ashland, KM High-modulus fibers. 

Avco Corp., Avco Specialty Materials Div_ Lowell, MA ` : 

The Carborundum Co., Graphite Products Sanborn, XR n unmachined shapes, 

v. oth. 
CCF Inc., Research Lab. Summit, N 
| High-modulus fibers. 
VNPT RETURN Pt a Rock Hill, co 

Fiber Materials Inc... Biddeford, ME. High-modulus fibers and cloth. 

Fiber Technology Corp Provo, UW 

BF Goodrich Co., Engineered Systems Div., Santa Fe Springs, CA Other. 

Super Tem ration. 

5 Lakes n Corp ---------- Rockwood, TCW. 

Ee CURATE ( ER Morganton, NG oo ctas Anodes, electrodes, high-modulus fibers, 
De NOTTE UR PNE isu UE deir ri nk NY -=a unmachined shapes, other. 

Hercules Inc __._________-_----- Salt oe City, UT 2s High-modulus fibers. 

M aere Group. Owens Corning Gardena. Aa Cloth and high-modulus fibers. 
iberglas Corp 

Hysol Grafil cot „„ Sacramento, CA High-modulus fibers. 

Ohio Carbon Co 0o Cleveland, Oli. Eric motor brushes, unmachined 

pes. 

Pfizer Minerals, Pigments & Metals Div _ Easton, PA ` Other. 

Polycarbon Ine North | Holl CA .——— Cloth. 

Sigri Carbon Cors Hickman, KY ......... Electrodes and other. 

The Stackpole Cop Carbon Div - ----- Lowell, MA ` High-modulus fibers, motor brushes, 

ME FOE AP St. „CCC unmachined shapes, refractories, 
powder. 

Superior Graphite oo Russellville, AR. ----- 

| Electrodes and other. 
ee eae ete MORTE SE Hopkinsville, RX... 

Ultra Caron Bay City, WI! Other. 

Union Carbide Corp., Carbon Products Div Clarksburg, WW 
);ö» W ... 8 Clarksville, TW 
D ce ³˙¹ eee ee Columbia, TW Anodes, electrodes, unmachined shapes, 
Do. 2 iib uc ie ee E Fostoria, OH... motor brushes, ponar cloth, 
EE Greenville, SC. high-modulus fibers, other. 
/ y A dried UNA Falls, WN 
Boise oo mL AL AA Yabucoa, PR. 


Cloth includes low-modulus fibers; electric motor brushes include machined shapes; crucibles include vessels. 
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Table 4.—U.S. production of manufactured graphite, by use 
1984 1985 
Use Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
Synthetic graphite products: 
%% uuo cz nc Sane ee ⁰ 88 4,680 814.133 7,021 $19,813 
Cloth and fibers (low-modulus) `- - ---------------- 223 17,979 316 27,235 
Crucibles, vessels, refractories |. ---------------- W W W 
Electric motor brushes and machined shapes W W W 
ElGctrOdes. Gegen RCRUM Ee 177,116 398.180 164.578 348.812 
Graphite articleee2Sss 1 „ Se 39,895 un 36,365 
High-modulus fibeererererererruͤ w 11,160 756. 136 1.586 84.743 
Unmachined graphite shapes 712.848 759.001 11,875 66,069 
GP esc Bee AAA 8 737,290 36,235 38,900 38,690 
HK EE 233.317 621,859 224,276 621,727 
Synthetic graphite powder and scrap ____ ------------— 29.911 6,068 22.100 5.970 
Grade oo ae ee eee eee 263,226 628,527 246,316 1621.696 
"Revised. W Withheld to avoid disclosing company proprietary data; included with "Other." 
Data do not add to total shown because of independent rounding. 
Table 5.—U.S. production of graphite fibers 
iow buds E High-modulus fibers Total 
Year Quantit i j 
y Quantity Quantity 
(short Deg (short feo ands short 5 
tons) vusan tons) tons) 
J ¹ðwm¹üſq eee dades 154 $10,600 52 $4.690 206 $15.290 
o i Ru cei 163 11,376 37 3,810 200 15.246 
IU cR edente 8 136 8.800 49 4,330 185 13,130 
IJ Doe Bises auis eiae 141 8,720 149 11,504 290 20,524 
ro EE 169 10,089 194 13,031 363 23,120 
/ 88 169 11,254 306 17,379 475 25,633 
IURI A osuere ue a E 216 15,293 409 21.759 625 37,052 
1982 M a a oe eee 212 17,706 605 30,091 RIT 47,797 
77 eege 188 14,217 739 33,854 927 48.071 
JJ ( LEE 223 17,979 11.160 156.136 11.33 774.415 
17/;ö˙ ͥ ́ mA ⁵⅛— 8 316 27.235 1.586 84,143 1,902 111.978 
"Revised 


There were a number of changes in own- 
ership in the graphite industry, particularly 
among the graphite fiber producers. Horse- 
head Industries Inc. purchased Great Lakes 
Carbon Corp. BASF America Corp. purchas- 
ed the Celanese Corp. graphite fiber oper- 
ations and two subsidiaries that produce 
graphite fiber composite items for $135 
million; the firm already makes the resins 
for the composites in Europe. Armco Inc. 
sold Owens-Corning Fiberglas Corp. its 
graphite fiber subsidiary, HITCO Materials 
Group, and two other high technology mate- 
rials subsidiaries for $415 million. In De- 
cember, Union Carbide Corp. announced 
plans to sell its graphite fiber operations to 
Amoco Minerals Co. in 1986. E. I. du Pont de 
Nemours & Co. Inc. was planning to enter 


the graphite fiber business with a pitch- 
based fiber based on Conoco Inc. technology. 
In 1985, the company purchased the graph- 
ite fiber research facilities and composite 
production operations of Exxon Corp. 

Ashland Petroleum Co. announced plans 
to expand its plant at Catlettsburg, KY, 
from a capacity of 30 to 100 tons per year of 
pitch-based fiber. 

A new trade association called Suppliers 
of Advanced Composite Materials Associa- 
tion (SACMA) was formed for graphite fiber 
and composite producing firms. SACMA 
expects to be active in standardizing test 
methods, compiling industry statistics, and 
dealing with issues related to the Export 
Control Act. 
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CONSUMPTION AND USES 


Reported consumption of natural graph- 
ite decreased slightly to about 34,700 tons. 
The three major uses of natural graphite— 
refractories, foundries, and brake linings— 
accounted for 48% of reported consumption, 
compared with 61% in 1984. 

Graphite fiber-reinforced, lightweight, 
concrete building panels have been devel- 
oped in Japan. The panels are only one- 
third the weight of ordinary ones, which 
saves time and expense when handling 
them and allows a lighter structural steel 
frame to be used in the building. However, 
making the concrete for the panels is an 
exacting process, requiring the concrete to 
be vibrated rather than stirred. 

A bonded carbon fiber material, Calcarb, 


was produced and sold by Consarc Engi- 
neering Ltd. of the United Kingdom for 
consumption as vacuum furnace insulation. 
The material can be made in many different 
forms, including boards and cylindrical 
sleeves. It is made by mixing 1/16-inch-long 
byproduct rayon fiber with a phenolic resin- 
water slurry, and heating the slurry to 
900° C to convert the fiber to carbon. Advan- 
tages of Calcarb are its low thermal con- 
ductivity and expansion and great mechani- 
cal strength. Porous electrodes, catalyst 
supports, filters for fluids and molten met- 
als, and aerospace applications were being 
examined as potential new markets for 
Calcarb. 


Table 6.—U.S. consumption of natural graphite, by use 


Crystalline Amorphous? Total? 
Use Quantity Value Quantity Value Quantity Value 
(short tons) (thousands) (shorttons) (thousands) (shorttons) (thousands) 
1984: 

Batteries W W W W 931 31.563 
Brake linings ss 1,156 $1,045 2,869 $2,496 4,025 3,541 
Carbon products 316 660 249 328 565 988 

Crucibles, retorts, stoppers, 
sleeves, nozzles 1,953 1,858 ($) 6 1,953 1,864 
Foundries§___________ 2,337 1,285 4,804 1,810 7,141 3,095 
Lubricants `... 1,170 1,763 1,365 1,216 2,535 2,979 
Pencils vus ote es 1,557 2,121 356 1,913 2,378 
Powdered metals 363 567 196 356 559 923 
Refractories |... W W W W 10,461 4.200 
Rubber 184 211 232 140 416 351 
Steelmaking _________- 326 142 1,739 798 2,065 940 
Other" 2 ee 299 498 2,306 2,123 2,605 2,621 
Withheld uses 2,472 3,523 8,920 2,240 Ke PM 
Tot!!! luu 12,135 13,674 23,037 11,769 35,172 25,443 

1985: 

Batteries W W W W 1,569 2,602 
Brake linings `. 1,023 960 2,448 2,297 3,472 3,257 
Carbon products 379 843 206 173 585 1,016 

Crucibles, retorts, stoppers, 
sleeves, nozzles _______ 4,213 3,529 1 15 4,215 3,544 
Foundries? |. | |. |. 514 612 6,006 1,953 6.520 2,565 
Lubricants . . 1,025 1.478 2.586 2,327 3,611 3,805 
Pencils... 2- 2222-2- 1,829 2,737 339 231 2,168 2,968 
Powdered metals 348 520 226 451 574 971 
Refractories __________ W W W wW 6,503 8,257 
Rubber 217 249 289 170 506 419 
Steelmaking - --------- 131 81 1,836 691 1,967 772 
Other 227 295 2,741 2.815 2,968 3,110 
Withheld uses 3,216 4,342 4,855 1,517 Mus MN 
Total? |. | |. ... 13.123 15,647 21,534 12,641 34,657 28,288 


W Withheld to avoid disclosing company proprietary data; included with Withheld uses.” 


!Includes mixtures of natural and manufactured graphite. 


Data may not add to totals shown because of independent rounding. 


Includes bearings and carbon brushes. 

Less than 1/2 unit. 

*Includes foundry facings. 

*Includes ammunition, packings, and seed coating. 


"Includes paints and polishes, antiknock and other compounds, soldering and/or weld, electrical and electronic 
products, mechanical products, magnetic tape, small packages, industrial diamonds, and drilling mud. 


GRAPHITE 


While electric arc steelmaking capacity 
has continued to grow worldwide, graphite 
electrode consumption has not kept pace 
because of technological advances in elec- 
trode construction. The shrinking market 
for electrodes has led Union Carbide Corp. 
to suspend production at its new plant at 
Clarksville, TN. In addition, the Airco Car- 
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bon Div. of BOC Inc. shifted most of its 
production from its old plant in Pennsylva- 
nia to its new plant at Ridgeville, SC. While 
Great Lakes Carbon Corp. has kept all of its 
plants going except for a small one in 
California, the present electrode market 
has resulted in the shelving of expansion 
plans at its two newest plants.? 


PRICES 


Graphite prices are often negotiated be- 
tween the buyer and seller, and are based 
on purity and other criteria. Therefore, 
published price quotations are given as a 
range of prices. Another source of informa- 
tion for graphite prices is the average cus- 
toms value per ton of the different imported 
classes. However, it should be noted that 
these mainly represent shipments of un- 
processed graphite. 

The average prices of crystalline flake 
and other natural graphite imports were 
little changed in 1985, while the prices of 
other types dropped or rose significantly 
from those of 1984. The prices of crystalline 
flake increased by 5% to $536 per ton; 


Mexican amorphous graphite rose by 25% 
to $50 per ton; all types of Sri Lankan lump 
graphite dropped by 26% to $790 per ton; 
and other natural graphite (mostly fine 
crystalline flake and dust) dropped by 5% to 
$441 per ton. 

Average prices for natural graphite at the 
point of consumption changed slightly in 
1985. The price for crystalline graphite 
(mostly crystalline flake, some crystalline 
dust, and a little lump graphite) was $1,192 
per ton, up 6% from that of 1984. The price 
for amorphous graphite (including small 
amounts of amorphous-synthetic graphite 
mixtures) was $587 per ton, up 15% from 
that of 1984. 


Table 7.—Representative yearend graphite prices’ 
(Per short ton) 


US and crystalline graphite, bags: 


Amorphous, nonflake, cryptocrystalline graphite (80% to 85% carbon): 


Korea, Republic of (bags) - / 
Mexico (bulk) “ A EN ee Ee 


F. ab foreign port or border. 


1984 1985 
PFC $54-$1,542 $54-$1,542 
3 286- 3,084 227- 3,357 
EE 227- 726 227- 816 
URN 181- 816 Se TE 
duas ADI LE ou 212- 1,361 272- 1,361 
CCC 82- 109 82- 113 
FFF 64- 109 82- 109 


Source: Engineering and Mining Journal. V. 185, No. 12, Dec. 1984, p. 27., and v. 186, No. 12, Dec. 1985, p. 11. 


FOREIGN TRADE 


Exports of both natural and artificial 
graphite increased by 71%. Exports of 
graphite electrodes totaled 58,675 tons 
worth $88.1 million, of which 10,275 tons 
($15.2 million) went to Canada, 7,210 tons 
($10.0 million) to Venezuela, 5,443 tons ($5.2 
million) to Norway, 5,117 tons ($9.9 million) 
to Brazil, 4,574 tons ($7.4 million) to the 


U.S.S.R., and the balance to other destina- 
tions. 

Imports of natural graphite decreased 9% 
to 52,737 tons. Imports of natural graphite 
from Brazil and Sri Lanka gained by 153% 
and 85% respectively, while imports from 
Canada and Mexico dropped sharply to 
about the 1983 levels. 
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Table 8.—U.S. exports of natural and artificial graphite, by country 


Natural! Artificial Total 
Coun Quantity Quantity Quantity 
i (short Value (short Value (short Value 
tons) tons) tons) 
1984: 
Brazil... 2222-2 -- $4, 153 $96,107 169 $101,008 
Germany Federal Republic et. 100 337907 MT 55 520 9.160 
I E 16 9,402 21 ; 37 29.536 
Japan- ---------------- 201 262,934 529 742,514 730 1,005,448 
Page a ear HRS 1,972 612,157 271 116,148 2,243 305 
United Kingdom _--------- 186,464 155 111,990 407 248,454 
Venezuelas 301 177,294 36 37,102 337 214,396 
ncm er Ee POPE SEE "145 1402,719 11,189 1958, 809 11.934 71,361,588 
gy, WEE 7,096 2,801,441 4,226 2,186,215 11,322 5,593,656 
1985: 
Brazil 49 22,879 783 992,413 832 1,015,292 
Canada_______________ - 4,065 1,866,750 1,240 592,536 5,305 ,959,286 
Germany, Federal Republic of 2,002 711,818 701 $19,315 2,709 1,031,133 
Italy- EE 1,174 205,953 164 91,765 1,338 297,718 
Japan- LLL LLL lll. 226 318,799 2,611 800,694 2,897 1,119,493 
Mexico 1.115 395,995 1,964 194,699 3,079 590,694 
United Kingdormnmn 212 133,984 186 141,121 398 215,105 
VenezuelLsas 241 152,561 98 74,390 339 226,951 
Otherr!,r 1.075 520,838 1,339 898,868 2,14 1,419,706 
Tot. ——— oe EES 10,159 3,829,577 9,152 4,105,801 19,311 7,935,878 


"Revised. 
1Amorphous, crystalline flake, lump or chip, and natural, not elsewhere classified. 
Source: Bureau of the Census. 


Table 9.—U.S. imports for consumption of natural graphite, by country 


Other natural ; 
flake chippy dust qu Amorphous Total 
———— dáÓ— T  —X  —— 
a Quan- Value Quan Value Quam value Quam value Quam value 
tity tity tity tity tity 
— (short ida) (short 4 (short < de) (short 3 
tons) tons) tons) tons) tons) 
1983 e eg 7,084 $3,866 751 $870 10,124 35,711 25,677 $1474 ?43,586 ?$11,921 
1984: 
Austrian MTS d puce E EN s 32 7 32 7 
Belgium-Luxembourg ` — 1 2 E £ ne ME 8 1 2 
razil S eer aero 2,208 1,492 = 22 513 238 BE -- 2716 1.730 
Canada 2,116 1.068 a ane 412 263 em ws 1,331 
China 4,602 1,812 MS -- 4,89 1,665 5,801 284 15,232 3,761 
Denmark nen 8 E M (3) s "T 5 2 
France 362 13 Së za 80 45 a a 442 258 
Gambia 220 83 oe is a = SCH Wo 220 83 
Germany, Federal Re- 
public o 20 62 oe TRA 840 691 bigs d 860 753 
Hong Kong 23 ace mS ES 897 214 BN ER 897 214 
india... -.-------- 77 88 iis Ga 332 211 cd Sek 409 249 
Italy vm E as us és 1 6 EN gius 1 6 
Japan 182 131 oe ae 273 291 ES " 455 422 
Korea, Republic of... — e S E We Zu "m" 53 12 B3 12 
Madagascar .. 828 481 at — 2,173 971 OM - 3.001 1,458 
Mexico ie 85 eo -- 1,943 995 25,922 1,025 27,865 2,020 
Netherlands (3) OI we Sc 3 1 an zh 3 1 
Norway |... ...--.- 4 a = 150 61 as ee 154 68 
E CCC E Eer AE, 
ngapore -- -- -- ae -- 2a 
South Africa, Republic of Be ENS Ge — 1200 645 DS -- 1200 645 
Sri Lanka ts Sos 892 950 ue zm no EN 892 950 
33 ie. ees xem E 28 59 SEH SEN 28 59 
Switzerland |. ...... ER E des ne 3 5 Rm ne 8 5 
itt. 2 "m EN EM 901 268 s PM 901 268 
United Kingdom 105 66 e Ge 122 106 Et E 221 172 
55 as mee "m mE BO 73 EE Se 80 73 
Total! zr 10,720 5,455 892 950 14,823 6.849 31.808 1.329 %58,246 ?*14,579 


See footnotes at end of table. 
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Table 9.—U.S. imports for consumption of natural graphite, by country —Continued 


: Other natural 
line Lump or 
rs chippy dust crude and Amorphous Total! 
dd Quan Value Quan- Value Quan value Quan- value Quan- Value 
(short (thou (hort (how ghort (thous ` wén (thou: (abort (thou: 
tons) sands) tons) sands) tons) sands) tons) sands) tons) sands) 
8 i 19 19 $8 
J 1. ⁰ wo O6 bo EE d 
Brazil ____________ 1,775 $1,081 o -. 5092 2,002 a __ 6,867 8,83 
Canada ___________ 114 58 SS SS 340 140 SE p 454 198 
China 2,480 1.054 Em ZZ 10,851 8,427 1,084 $74 14415 4,555 
France d um NN — 110 108 del cu 110 108 
Germany, Federal Re- 
public op 48 25 ae a 934 em 955 959 
Hong Kong - -------- 40 4 m Gees 982 168 212 19 1,184 191 
India 140 72 88 =. 430 325 A bi 570 397 
Japan | cms 62 144 Se ap 190 363 p SR 252 507 
iac cu ed v d HE SR 42 SE Sp 33 42 
— . d d më A Aë wë 
Mero k _- Se -- — 2118 1053 19.736 980 21854 2033 
Netherlands 5 d KS oe s 222 185 a Pi 222 185 
Sierra Leone n --- „%% ee a e | 
Sri Lanka 8 -z -5 1,654 $1,307 SÉ -- pn 2s 1,654 1,807 
Switserland ________ Es a n SS E 11 8 SS 88 11 
wan HM EN SES EM 93 ES Da 282 93 
United Kingdom 40 25 a ae (3) 16 2t E 40 41 
imbebwe |... bo ae x SS 175 108 Hs "e 175 108 
Total! `... 5,899 3.161 1,654 1,807 24152 10,646 21,082 1,078 352,797 716,186 
Data may not add to totals shown because of independent rounding. 
Pata do not include artificial graphite. 
Leas than 1/2 unit. 
Source: Bureau of the Census. 
The United States has the world's largest this is changing to some degree. 


capacity for fabricating graphite fiber into 
composites and was the world's leading 
consumer and producer of all kinds of fiber- 
reinforced materials in 1985. However, the 
United States was much less dominant in 
the production of the graphite fiber consum- 
ed as a raw material to make the compos- 
ites. The domestic graphite fiber capacity 
was about two-thirds of the Japanese capac- 
ity in 1982. Most of the polyacrylonitrile 
precursor used to make domestic graphite 
fiber (with the exception of fairly small 
amounts of fiber made from other materi- 
als) is now imported from Japan, although 


A U.S. Government study concluded that 
not only will the United States continue to 
encounter competition from Japan as it 
does now, but that it will encounter compe- 
tition in graphite fiber from other foreign 
producers, mostly the Federal Republic of 
Germany and the United Kingdom. Japa- 
nese competition will broaden into fabricat- 
ing the final materials. The authors expect 
that the United States and Japan will 
dominate world markets for graphite fiber 
during the 1990’s although they will en- 
counter increasing competition from Euro- 
pean producers.* 
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Table 10.—U.S. imports for consumption of artificial graphite and graphite electrodes, by 


country 
Artificial graphite Graphite electrodes 
Country Quantity Value Quantity Value 
(short tons) (thousands) (short tons) usands) 
1984: 
: MUI EROR EUN (7) $25 WI $16 
„ p ee ee (!) 21 998 1,915 
Brazil zn sua uud ue S EL en A" -— 116 29 
SC TEEN 995 239 3,801 4,188 
ChihB-- Et eben ee 467 625 551 900 
France- -oc oc ee EENG 270 350 8,096 7,061 
Cer aen Federal Republic of |... 3,670 564 SCH KE 
Italy eun wr dee iow 8,551 10,598 
Japan- ----------------------- ec 443 3,065 37,704 ,092 
Mexico 2.56 oe A ee Ic ee. m im 15 15 
Netherlands. - - - ----------------------—- 7 110 6,164 2,021 
NOPWAY oo dd eon ame cu P E 42 10 
„ cco emo wed ee tes 241 350 852 1,177 
Spain aa ß ea) ee 8 me 74 115 
WAGON n ie ee cas PR NS 54 21 
Switzerland .— -------------------------- 4,332 6,454 269 233 
Taiwan- Sca cha a ite ar ee A 1 9 20 60 
mee mne. 8 23 89 2.244 SEL 
OG s occ e UE ee 10,456 11,906 71,988 98,735 
1985: 

Austrálii- oo e eden Rasmus rte 3 29 a = 
Austria. ---------------------------— Sé 50 
ët, . . est, Cree 13 50 1,404 2,119 
r ß a a 20 29 BS SCH 
ENEE 1,117 422 2,625 3,770 

H ⁰»A ² 0. K E E 211 278 153 230 
E te a ee A tk EE 454 575 2,946 4,640 
Germany, Federal Republic of |... 906 2,217 6,730 8,780 
I ³˙¹w³ꝛ¹aaAa ĩðâ ⁵ GI 212 E ee 
II ĩðV-y y Le e oe Soe 20 44 
Haly o. he See ee ... 8 53 102 3,386 4,989 

Jamaica MM MEM "cO 5 33 WE z 
EE 964 5,200 36,736 64,752 
Korea, Republic of f HE 26 11 46 
Netherlands EE 23 113 1,642 2,167 
Singapore `- -------------------------—- oes es 1,473 2,195 
South A Africa, Republic of... 2 13 1 2 
DOIN EE Ge E T 10 
SWedel. uen s 8 4 12 NI 68 
Switzerland ~- ---------------------—-—-- 3,137 4,007 4,144 1,231 
77 eco Ee 2 7 65 120 
United KingdoU U 118 535 931 1.097 
Total! ord Sa ³⁰¹ -w ⁰ ota 7.241 13.847 62.296 96,913 
1Less than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


WORLD REVIEW 


World demand and world supply of graph- 
ite were about the same as those of 1984. 
China announced the discovery of a very 
large graphite deposit, and the major graph- 
ite mine in Norway was closed because of a 
fire. 

China.—Chinese sources announced that 
the largest graphite deposit discovered so 
far has been found in eastern Heilongjiang 
Province. It consists of 10 beds, each about 
5,000 feet long, 1,000 feet thick, and 150 feet 
wide. Reserves were estimated to be 680 
million tons averaging 12% carbon. AL 
though Chinese sources did not specify the 
type of graphite, it was believed to be 


amorphous. The deposit can be accessed 
easily by roads and utilities. The local 
government decided to invite foreign ten- 
ders for development of the deposit. Some 
crystalline flake deposits have been discov- 
ered on the island of Hainan; preliminary 
investigation indicated that reserves were 
about 5.5 million tons averaging 3.7% car- 
bon with a rate of recovery over 90%. 
Finland.—Information on graphite min- 
ing and usage in Finland appeared in 1985, 
for the first time. What is called "energy 
graphite" in Finnish has been found in 
three different regions of Finland. About 
20% graphite must be present to maintain 


GRAPHITE 


combustion; it is burned in special fluidized 
bed boilers. 

Germany, Federal Republic of.—Sigri 
GmbH announced the commissioning of a 
1,100-ton-per-year-capacity graphite fiber 
plant based on polyacrylonitrile as a raw 
material. 

Graphitwerk Kropfmuehl AG, the only 
West German miner of crystalline flake 
graphite, produced 18,700 tons of product at 
its Kropfmuehl plant and 8,800 tons of 
product at its Werk Wedel plant in 1984, of 
which 45% was exported. About one-half of 
its domestic sales were to the refractories 
industry for use in crucibles, continuous 
casting ware, and carbon-magnesite bricks. 
About one-third to one-half of the firm’s 
raw material was mined domestically at 
Kropfmuehl, the balance coming from its 
mine in Zimbabwe.‘ 

Japan.—Mitsubishi Chemical Industries 
Ltd. began building a 550-ton-per-year- 
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stream in late 1986. This supersedes earlier 
plans for a  1,100-ton-per-year-capacity 
plant. The plant will cost $10 million and 
use coal tar, which the firm produces, as a 
raw material. The graphite fiber was ex- 
pected to be lower in cost than polyacrylo- 
nitrile-based graphite fiber. The firm also 
announced plans to develop graphite fiber 
composites. 

The rapid growth of electric arc steelmak- 
ing in Japan, and therefore Japanese con- 
sumption of graphite electrodes, appeared 
to be coming to a halt. Accounting for a 
sizable fraction of Japan's total production, 
2896 in 1984, electric arc steelmaking will 
have trouble expanding further when the 
rest of the industry is in severe overcapacity 
and with increasing foreign competition 
from neighboring countries. The Ministry of 
International Trade and Industry has been 
pressing hard for a reduction in electric arc 
steelmaking capacity, with minimal indus- 


capacity graphite fiber plant at Sakoide, 


try response so far.* 
Kagawa Prefecture, that will come on- i 


Table 11.—Graphite: World production, by country! 


(Short tons) 
Country? 1981 1982 1983 1984P 1985° 

Argenting 2 13 22 16 20 
Austria oe cs Sees 26,243 26,953 44,553 48,269 44,000 
Brazil (marketable d 19,289 16.990 30,463 36,023 36,000 
Il! 0 ete ee cen 1,568 308 220 258 220 
Chinas -e Are e 8 203,000 204,000 204,000 204,000 204,000 
Czechoslovakia aa 155,000 155,000 155,000 755,000 65,000 
Germany. Federal Republic oz 59.024 512,845 11,023 13,228 12,000 
India (mines 80,240 57,735 43,615 42,975 44,000 
else 3,897 3,538 2,534 A "S 
Korea, North 28,000 28,000 28,000 28,000 28,000 

Korea, Republic of: 
Amorphous ~ -~ -------------- 37,533 29,033 35,903 62,014 55,000 
Crystalline flaaʒaa _ 928 691 766 2,541 2,200 
adagascaatt. l. 14.698 716,766 14,944 15,403 16,500 

Mexico: 

Amorphous 2. 22222222222 45,351 31,886 41,034 43,923 44,000 
Crystalineflake .. 1,270 1,989 1,828 1,855 1,900 
Norwaoyyh⏑! !,/„,n 4 9.552 8.213 8.888 10.508 2.500 
Romania 13.800 13.800 13,900 13,700 13,200 
Sri Lanna 8,348 9,704 6,094 6,198 6,000 
NIT BEEN 1,984 694 95 (7) SN 
Turkey c See deem mE Ie NA 3,704 5,297 (9) NA 
USSR? E x 77,000 83,000 88,000 88,000 90,000 
United States aer W W W sd 
Zimbabwe _ _ - .--------------—-—— 12,366 9,066 21,850 13,596 13,200 
Total =- -sonrada 8 T649,093 T619,928 664,029 685,507 676,740 
Estimated. Preliminary. Revised. NA Not available. W Withheld to avoid disclosing company proprietary 


data. 

Table includes data available through May 20, 1986. 

An addition to the countries listed, Namibia may have produced graphite during the period covered by this table, but 
ae is unreported, and available general information is inadequate for formulation of reliable estimates of output 

vels. 

Does not include the ete uantities sold directly without beneficiation, in short tons: 1981—17,988; 1982—6,758; 
1983— 12,278; 1984—2,902; and 1 85. 5.500 (estimated). 

*Data are for fiscal year beginning Apr. 1 of that stated. 

Data pres ntes represent estimated marketable product derived from raw graphite mined indigenously, assuming 
that marketable output equals one-half of officially reported raw graphite production. 

*Indian marketable production is about 10% to 20% of mine production. 

"T Revised to zero. 

Revised to not available. 
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Norway.—On April 4, the processing 
plant of A/S Skaland Grafitverk was de- 
stroyed by a fire. The mine and warehous- 
ing area were unaffected. The firm contin- 
ued its drilling and exploration program in 
the area and may move the mine a short 
distance for better access to the remaining 
ore. The firm tentatively has decided to 
build a new plant, which will be able to 
fabricate a much wider variety of products, 
including some high-purity, 99%-carbon 
product. 
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Spain.—The Government announced 
plans to set up a joint venture, Desarrollo 
de Nuevos Materiales, with the private 
sector, to develop and produce aramid and 
graphite fibers and fiber-reinforced compos- 
ite materials. 

Sri Lanka.—The Sri Lanka State Mining 
and Mineral Development Corp. and the 
Moriroko Co. Ltd. of Japan were negotiat- 
ing an agreement to rehabilitate and work 
two abandoned graphite mines, one at 
Pussehena and one at Sigambalptitya. 


TECHNOLOGY 


A review of the development of graphite 
fiber composite technology indicates that 
fabrication has become simpler and less 
expensive. There has been a fivefold reduc- 
tion in cost for many graphite fibers over 
the last decade, and an average drop in cost 
of fiber to one-half its former level in the 
same period. Although the bulk of compos- 
ite structures and parts for aerospace uses 
are now made using prepreg tape and hand 
layup, production is expected to incorporate 
less labor-intensive, lower cost techniques 
such as automated material placement, fila- 
ment winding, pultrusion, and thermoform- 
ing. Newly sophisticated aerospace require- 
ments reportedly are going to lead to higher 
performance fiber and resin systems to 
improve the damage tolerance of compos- 
ites, for example, such fiber forms as 2-D 
and 3-D woven fabrics and braided structur- 
al subelements.* 

When toxicological, epidemiological, and 
environmental sampling data on graphite 
fibers were examined along with the results 
of related studies of other fibrous materials, 
graphite fibers were shown to present little 
or no chronic health risk to people under 
present conditions of manufacture and use. 
Health effects appear to be limited to tem- 
porary skin irritations and upper respirato- 
ry tract irritations. Use of the fibers has 
grown in recent years, mostly because of the 
environmental health hazards associated 
with asbestos fibers." 

The environmental stability of several 
kinds of intercalated graphite fiber was 
investigated. The degree of environmental 
stability of this new conductive kind of 
graphite fiber will determine whether or 
not it can be used commercially. Four types 
of graphite fiber were tested; fibers inter- 
calated with bromine, with iodine mono- 
chloride, with ferric chloride, and with cu- 


pric chloride. All four types were unstable 
under conditions where water was absorbed 
from the air, but stable under conditions of 
high vacuum, such as found in space. When 
all the other tests were considered, bromine 
intercalated fiber appeared to be most 
stable.* 

Some experiments at Rice University 
with laser vaporization of graphite yielded a 
stable 60 carbon atom molecule, which was 
given the name buckminsterfullerene.“ 
The name was chosen because of its hypo- 
thetical structure; it seems to most closely 
resemble a truncated icosahedron or two 
geodesic domes attached at the base—soc- 
cerball shaped. The technique used to syn- 
thesize this material was laser vaporization 
of solid graphite into a pulsed high-density 
helium flow. The same researchers also 
discovered similarly shaped molecules com- 
posed of carbon atoms with a lanthanum 
atom at the center. If the molecule is stable 
in the condensed phase, it probably would 
have some unique chemical properties. So 
far, the molecule appears to be rather inert. 
This serendipitous discovery was the result 
of research into the formation of lengthy 
carbon chains in interstellar space.* 

Sumitomo Electric Co. perfected a tech- 
nique for the mass production of large 
industrial diamonds from graphite. The 
graphite was subjected to ultrahigh pres- 
sure in the range of 50,000 to 60,000 atmos- 
pheres at a temperature of 1,400° C to 
1,600° C for 100 hours. Until now, only 
small-sized diamonds have been mass pro- 
duced. The firm plans to underprice natural 
diamond slightly for sales mainly to the 
semiconductor and precision toolmaking 
industries. 


Physical scientist, Division of Industrial Minerals. 

*Meta! Bulletin Monthly. Present Imperfect-Future Un- 
certain. Changes and Challenges at Great Lakes Carbon. 
No. 176, Aug. 1985, pp. 9-19. 
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U.S. Department of Commerce, International Trade 
Administration, Nonferrous Metals Division. A Competi- 
tive Assessment of Selected Reinforced Composite Fibers. 
Sept. 1985, 48 pp. 

Robbins, J. The Industrial Minerals of West Germany. 
Ind. Miner. (London), No. 219, Dec. 1985, pp. 41-42. 

*Metal Bulletin Monthly. Electric Arcs Challenge to the 
Integrated. No. 174, June 1985, pp. 43-46. 

*Tenney, D. R., and H. B. Dexter. Advances in compo 
bp Technology. NASA Tech. Memo. 86353, Jan. 1985, 
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TDahlquist, B. H. Evaluation of Health Aspects of 
Carbon Fibers. Air Force Inst. of Tech., Wright-Patterson 
AFB, OH, 1984, 60 pp.; NTIS AD-A151 563/4 WEP. 

*Gaier, J. R, and D. A. Jaworske. Environmental 
Stability of Intercalated Graphite Fiber. Nat. Aeronaut. 
and Space Admin., Cleveland, OH, May 1985, 16 pp.; NTIS 
N85-26992/6/WMS. 

*Baum, R. M. Laser Vaporization of Graphite Gives 
Stable 60-Carbon Molecules. Chem. and Eng. News, v. 63, 
No. 51, Dec. 23, 1985, pp. 20-22. 

léIndustrial Minerals (London) Synthetic Diamond 
Breakthrough. No. 213, June 1985, p. 10. 
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Gypsum 


By Lawrence L. Davis! 


The gypsum industry, spurred by lower 
interest rates and pent-up demand for hous- 
ing, with 1.7 million public and private 
housing unit starts in 1985, ended the year 
with record-high shipments of gypsum wall- 
board, 19.5 billion square feet, an increase 
of 7%. Output of crude gypsum and calcined 
gypsum also increased. Sales of gypsum 
products increased slightly to 25 million 
short tons valued at $2.4 billion. Imports for 
consumption of crude gypsum increased 


1196 to about 10 million tons. Total value of 
gypsum product exports decreased 12% to 
$26 million. 

Domestic Data Coverage.—Domestic pro- 
duction data for gypsum are developed by 
the Bureau of Mines from a survey of U.S. 
gypsum operations. Of the 130 operations to 
which the annual survey request was sent, 
all responded, representing 100% of the 
total production shown in tables 1 and 2. 


Table 1.—Salient gypsum statistics 
(Thousand short tons and thousand dollars!) 


United States: 


Active mines and plants! |... 
Crud 


%).... 8 
Imports for consumption 
Byproduct gypsum sales 


cin 


Products sold (value) a eee eRe EE 
Exports (value·e )))) 
Imports for consumption (value) ~- ) 
World: Production n 


*Estimated. Preliminary. Revised. 


1981 1982 1983 1984 1985 
113 109 111 113 116 
11.497 10.538 12.884 14.319 14.726 
$98,101 $89,131 $101,361 $113,671 $114,229 
7,593 6,718 8,031 8,904 9,922 
696 697 760 780 779 
11,687 11,243 13,902 15,450 15,982 
$243,140 $196,488 $270,136 $820,518 $366,581 
81.196.236 $1,121,775 $1,605.605 $2,274,261 $2,418,296 
$35,434 $29,550 $32,088 $29,852 $26,419 
51,720 $53,646 $87,880 $169,667 $155,422 
83,970 79,847 86,718 P86,767 *89,220 


1Each mine, calcining plant, or combination mine and plant is counted as one establishment; includes plants that sold 
gypsum. 


byproduct 


DOMESTIC PRODUCTION 


The United States remained the world’s 
leading producer of gypsum, accounting for 
17% of the total world output. 

Crude gypsum was mined by 39 com- 
panies at 67 mines in 21 States. Production 
increased 3%. Leading producing States, in 
descending order, were Texas, Michigan, 
Iowa, Oklahoma, California, and Nevada. 
These six States produced more than 1 
million tons each and together accounted 


for 6596 of total domestic production. Stocks 
of crude ore at mines and plants at yearend 
were 3 million tons. 

Leading companies were U.S.G. Corp., 12 
mines; National Gypsum Co, 7 mines; 
Georgia-Pacific Corp, 6 mines; Celotex 
Corp., a subsidiary of Jim Walter Corp., and 
Genstar Gypsum Products Co., 3 mines 
each; and Weyerhaeuser Co., 1 mine. These 
6 companies, operating 32 mines, produced 
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79% of the total crude gypsum. 

Leading individual mines, in descending 
order of production, were U.S.G.’s Plaster 
City Mine, Imperial County, CA; U.S.G.’s 
Sweetwater Mine, Nolan County, TX; 
U.S.G.'s Alabaster Mine, Iosco County, MI; 
U.S.G.'s Shoals Mine, Martin County, IN; 
National Gypsum’s Tawas Mine, Iosco 
County, MI; Weyerhaeuser’s Briar Mine, 
Howard County, AR; U.S.G.’s Southard 
Mine, Blaine County, OK; National Gyp- 
sum's Sun City Mine, Barber County, KS; 
Georgia-Pacifics Acme Mine, Hardeman 
County, TX; and Republic Gypsum Co.'s 
Duke Mine, Jackson County, OK. These 10 
mines accounted for 41% of the national 
total. Average output per mine for the 67 
U.S. mines increased 6% to 219,800 tons. 

Gypsum was calcined by 14 companies at 
71 plants in 30 States, principally for the 
manufacture of gypsum wallboard and plas- 
ter. Calcined output increased 3% in ton- 
nage and 14% in value. Leading States, in 
descending order, were Texas, California, 
Florida, Iowa, and New York. These 5 
States, with 24 plants, accounted for 41% of 
the national output. 

Leading companies were USG., 22 
plants; National Gypsum, 18 plants; Geor- 
gia-Pacific, 9 plants; Genstar, 5 plants; and 
Celotex, 4 plants. These 5 companies, oper- 
ating 58 plants, accounted for 82% of the 
national output. 

Leading individual plants were, in de- 
scending order of production, U.S.G.'s Jack- 
sonville plant, Duval County, FL; U.S.G.'s 
Plaster City plant, Imperial County, CA; 
U.S.G.'s Sweetwater plant, Nolan County, 
TX; Weyerhaeuser's Briar plant, Howard 
County, AR; National Gypsum's Tampa 
plant, Hillsborough County, FL; U.S.G.'s 
Stony Point plant, Rockland County, NY; 
U.S.G.'s Shoals plant, Martin County, IN; 
National Gypsum's Medicine Lodge Plant, 
Barber County, KS; Georgia-Pacific's Acme 
plant, Hardeman County, TX; and Gen- 
star's Las Vegas plant, Clark County, NV. 
These 10 plants accounted for 27% of the 
national production. Average calcine pro- 
duction for the 71 U.S. plants was 225,100 
tons, a slight increase. 

The following companies sold a total of 
119,000 tons of byproduct gypsum, valued at 
$6 million, principally for agricultural use, 
but some for gypsum wallboard manufac- 
turing: Allied Chemical Corp. and J. R. 
Simplot Co., both in California; Occidental 
Petroleum Corp. in Florida; Kemira Inc. in 
Georgia; SCM Pigments Div. of SCM Corp. 
in Maryland; and Texasgulf Inc. in North 
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Carolina. Approximately 22% was of non- 
phosphogypsum origin, compared with 19% 
in 1984. Some byproduct gypsum was mixed 
with natural gypsum and commercially 
used in the manufacture of wallboard at 
U.S.G.'s Baltimore, MD, plant using by- 
product gypsum obtained from SCM Pig- 
ments Div.'s plant in Baltimore. 

Gypsum wallboard plant capacity in- 
creased 4% to 21.63 billion square feet. 
Total wallboard shipments were 19.5 billion 
square feet, indicating a 90% utilization of 
operating capacity. Shipments were a new 
record-high, a 7% increase compared with 
that of 1984. 

One new gypsum mine was opened during 
the year. Eagle Gypsum Ltd.'s Eagle Mine 
in Eagle County, CO, produced gypsum for 
use as a cement set retarder. 

Thomas Peck & Sons Inc. operated its 
mine near Nephi, UT, on an intermittent 
basis because of excessive fugitive dust 
emissions during the dry summer months 
and flooding problems in the wet months. 
The gypsum was used for cement produc- 
tion at portland cement plants in Juab and 
Salt Lake Counties. 

At yearend, Piedmont Energy Inc. of Salt 
Lake City, UT, purchased Houston-based 
Standard Gypsum Corp., a gypsum importer 
with facilities at Tampa, FL.? 

A new company, Atlantic Gypsum Co. 
Inc., was planning a $34 million gypsum 
importing, processing, and wallboard manu- 
facturing facility at Port Newark, NJ. The 
plant, to be fed by at least 250,000 tons per 
year of imported gypsum, was expected to 
begin operation in the spring of 1987.? 

Winn Rock Inc.'s Winnfield Mine in Winn 
Parish, LA, the only anhydrite mine in the 
United States, produced rock mainly for 
road construction, but some was sold for use 
as a cement set retarder. 

Reflecting sporadic markets for crude 
gypsum sold for cement or agricultural use, 
several gypsum mines remained closed dur- 
ing the year. CalMat Co.'s Shoveler Annex 
Mine in Imperial County, CA, was idle. 
Ernest W. Munroe, Joe C. Lackey, Colorado 
Lien Co., all in Colorado, were dormant. 
E. J. Wilson & Sons' Lidy Hot Springs Mine 
in Lemhi County, ID, remained inactive but 
shipped some gypsum from stockpile for 
agricultural use. Walter Fisk's Lovelock 
Mine in Pershing County, NV, was inactive. 
Raymond Schweitzer Gypsum Co.'s Calu- 
met Mine in Canadian County, OK, and 
Walton Gypsum Co.'s Okeene Mine in 
Blaine County, OK, remained dormant. 
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Figure 1.—Supply of crude gypsum in the United States. 
Table 2.—Crude gypsum mined in the United States, by State 
1984 1985 
State Active tity Value ive tity Value 
(thousand ^ (thousand 
mines short tona) (thousands) mines ibat toon (thousands) 
SEN no A acad dran datae 4 261 $2,332 4 251 $1,926 
Arkansas, Kansas, Louisiana 5 1,465 9,577 5 1,365 7,740 
CEN i AA 10 1,382 12,443 8 1,332 12,201 
Colorado, Idaho,! Montana, South 
Washington 7 428 3,576 7 375 3,086 
Indiana, New York, Ohio, Virginia 5 1,844 14 5 1,870 1 
CTT 6 1.527 12.421 6 1,639 13,682 
i E EE 5 1,534 10,304 5 1,772 11,883 
C0 4 1.192 8.860 4 1.207 8.942 
r EENS 3 318 1,622 3 350 1,570 
Oklahoma „ 6 1,549 13,485 6 1,595 12,548 
yo CP e CHEESE E 7 2,166 19,431 * 1.981 17,299 
DES oc WEE 5 4 277 2,671 4 413 4,033 
C Ess 8 376 2,618 3 576 4,488 
, ARR EE 69 14,319 113,671 67 14,726 114,229 
11984 only. 


*Data may not add to totals shown because of independent rounding. 
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Table 3.—Calcined gypsum produced in the United States, by State 
1984 1985 
State Active tity Value Active quantity Value 
(thousand (thousand 
plants short tona (thousands) plants short tons) (thousands) 

Arizona and New Mexico 8 382 $8,770 8 404 $10,016 
Arkansas, Louisiana, Oklahoma 6 1,600 30,318 6 1,664 34,905 
California 6 1.519 35.364 6 1.606 41.325 
Colorado and Uta g 8 352 7,010 3 354 8,164 
Delaware and Maryland 3 783 16,695 3 132 17,165 
Florida Ges et 3 1,160 25,774 3 1,185 27,974 

ee 3 702 15,940 3 740 18,161 
Illinois, Indiana, Kanaass __ 6 1,405 25,765 6 1,445 28,862 
Jö; ⁰m 5 1.173 22.931 5 1.168 26,589 
Massachusetts, New Hampshire, 

New Jersey, Pennsylvania 5 789 17,387 5 820 20,084 
Michigan 4 500 9,446 4 §71 12,217 
Montana, Washington, Wyoming 5 701 17,195 5 705 19,951 

r A 3 779 13.877 3 825 16,674 
New org 4 986 19,627 4 1,046 24,408 
North Carolina and Virginia 3 628 12,835 3 672 15,676 
Ohio ------------------ 3 404 9,425 3 432 9,998 
l!!! AA repu 6 1.587 32,157 6 1.614 34.412 

Total c Am d 71 15,450 320,518 71 15,982 366,581 
1Data may not add to totals shown because of independent rounding. 
CONSUMPTION AND USES 


Apparent consumption, production plus 
net imports plus industry stock changes, of 
crude gypsum, including byproduct gypsum, 
increased 5% to 25.4 million tons. Net 
imports provided 33% of the crude gypsum 
consumed. Apparent consumption of calcin- 
ed gypsum increased 4% to 15.9 million 
tons. 

Yearend stocks of crude gypsum at mines 
and calcining plants were 3 million tons. Of 
this, 46% was at calcining plants in coastal 
States. 

Of the total gypsum products sold or used, 
5.6 million tons, 23%, was uncalcined. Of 
the total uncalcined gypsum, 76% was used 
for portland cement, and 21% was used in 
agriculture. Of the total calcined gypsum, 


96% was used for prefabricated products 
and 4% for industrial and building plasters. 
Of the prefabricated products, based upon 
surface square feet, 67% was regular wall- 
board; 22% was fire-resistant type X wall- 
board; 3% was 5/16-inch mobile home 
board; 5% was lath, veneer base, sheathing, 
and predecorated wallboard; and 3% was 
miscellaneous board including water- 
and/or moisture-resistant board. Of the reg- 
ular wallboard, 83% was 1/2-inch and 11% 
was 5/8-inch. In descending order, the lead- 
ing sales regions for prefabricated products 
were the South Atlantic, Pacific, and West 
South-Central, which accounted for 54% of 
the total. 


~J 
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Table 4.—Gypsum products (made from domestic, imported, and byproduct gypsum) 
sold or used in the United States, by use 


(Thousand short tons and thousand dollars) 


U 1984 1985 
T Quantity Value Quantity Value 
Uncalcined: 
Portland cement 4,286 41,046 4,256 38,623 
hh ĩðV ELE =- 1,326 18,671 1,180 16,377 
and miscellaneous `... n „ 125 6,597 132 6,448 
Total. Lua modd mice ICE 5,131 66,314 35,567 61,448 
T. 
Rant base ee | oo noch acc Lu re 155 15,356 149 15,027 
Poured cement and concrete 4 365 2 192 
EN EE Aa EE 
and Keene's cement 08 ` 
Mee DP TR TER E S 9 1,201 8 1,105 
Total ie Sd ot ee 8 280 239 633 2288 35.075 
Industrial plaster _ |. - --- --------------——- 453 45,866 510 55,426 
Prefabricated product? 17,572 2,129,448 18,320 2,266,348 
Total calcined |... -- ~- ----- -----—- 18,305 2,207,947 319,117 2,356,849 
Grand total `- ----------------- 24,042 2,274,261 324,684 22,418,296 


Includes most of 779,603 tons of byproduct gypsum in 1984 and most of 778,515 tons in 1985. 
*Data do not add to total shown because of independent rounding. 
Includes weight of paper, metal, or other materials, and some byproduct gypsum. 


Table 5.—Prefabricated gypsum products sold or used in the United States 


1984 1985 
Product Thousand Thousand Value Thousand Thousand Value 
uae short (thou- uare short (thou- 
eet tons! sands) eet tons! sands) 
Lath: 
3/8 inen 30,600 23 $4,282 27,800 21 $4,404 
/ o AA uei 1,500 1 202 1,750 2 237 
Total? 2... 32,100 24 4,484 29,550 22 4,641 
Veneer base __________________ 408,270 470 50,882 428,860 435 58,167 
Sheathing. ___________________ 337,720 325 49,773 349,860 328 52,389 
Regular gypsumboard: 
inen 475,283 361 54,047 454,246 340 53,301 
WZ IRC ---------------- 10,490,118 9,262 1,135,688 10,851,776 9,539 1,134,940 
Sn)! ewe 1,298,586 1,430 162,942 1,395,919 1.252 173.496 
r Lacon 61.600 126 13.513 79,900 142 18,532 
GGG; eh le ee! 162,370 125 18,880 216,220 180 31,898 
6 uS ` "mm em imus "o ones 
———— — (a ` ` 4, 1 4. ` , , 
Predecorated wallboard |... 127,110 134 41,013 134,650 129 45,346 
5/16-inch mobile home board 853,850 615 04 651,549 489 ; 
J 8 25,930 23 3,423 483,420 448 82,209 
Grand total? _____________ 18,313,681 17,572 2,129,448 19,522,999 18,320 2,266,348 


‘Includes weight of paper, metal, or other material. 

Mata may not add to totals shown because of independent rounding. 

Includes | 1/4-, 7/16-, and 3/4-inch gypsumboard. 

“Includes approximately 478,000 square feet of water- and/or moisture-resistant board in 1985. 
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Figure 2.—Sales of gypsum products, by use. 


ENERGY 


Efficient production scheduling, superior 
insulation, and energy-saving processing 
equipment such as one-step drying and 
calcining continued to improve the utiliza- 
tion of energy per unit of wallboard as in 
the past few years. Energy consumption per 
thousand square feet of gypsum wallboard 


sales decreased slightly to 2.42 million Brit- 
ish thermal units. 

As reported by the Gypsum Association, 
fuel sources for the gypsum industry were 
natural gas, 84.596; electricity, 6.596; pro- 
pane, 1.0%; No. 2 fuel oil, 2.8%; No. 4 and 
No. 6 fuel oil, 2.0%; and coal, 3.0%. 


PRICES 


On an average value per ton basis, crude 
gypsum decreased slightly to $7.76, calcined 
gypsum increased 13% to $23.53, and by- 
product gypsum decreased 7% to $7.70. 

The average value of gypsum products 
sold or used increased 4% to $97.97 per ton. 
Prefabricated products were valued at 
$123.71 per ton, industrial plasters at 
$108.68 per ton, building plaster at $121.79 
per ton, and uncalcined products at $11.04 


per ton. 
Quoted prices for gypsum products were 


published monthly in Engineering News- 
Record. Prices in December, based on truck 
lots delivered to the job, showed a wide 
range. Regular 1/2-inch wallboard prices 
ranged from $97 per thousand square feet at 
Dallas and Denver to $268 at Boston. Aver- 
age price in December for 20 cities was $173 
per thousand square feet, with some minor 
discounts for prompt payment. This repre- 
sented a slight increase compared with that 
of December 1984. 


«e 
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FOREIGN TRADE 


The gypsum industry continued to rely on crude gypsum was mined by subsidiaries of 
imports of crude gypsum rock for a signifi- U.S. companies in Canada and Mexico. 
cant fraction, 33%, of apparent consump- Total value of gypsum and gypsum prod- 
tion. Imports of crude gypsum, principally ucts imported was $155 million, a decrease 
from Canada, 66%; Mexico, 22%; and Spain, of 8%. Gypsum wallboard imports, princi- 
12%, increased 11% to 9.9 million tons. pally from Canada, 82%, were 786 million 
Spanish imports into the South Atlantic square feet, a 9% decrease. Total value of 
Coast and Gulf Coast States increased 31% gypsum product exports to all countries was 
to 1.2 million tons. Most of the imported $26 million, a 12% decrease. 


Table 6.—U.S. exports of gypsum and gypsum products 
(Thousand short tons and thousand dollars) 


Crude, crushed, Mie cd 
Year or calcined factures, Total 
Quantity Value nec. value 
(value)! 
I••öÜÜ ³¹ ¹ ' ͤſĩĩ On A at a eee, 117 13,621 18,467 32,088 
I/ ³ĩÄ6A 0m EI c D D ee 131 12,711 17,141 29,852 
1 rome epa ILL i ͤ 8 83 13,021 13,398 26,419 


jj include gypsum or plaster building boards and lath (TSUS 245.7000) and articles, n.s.p.f., of plaster of paris (TSUS 
4500). 


Source: Bureau of the Census. 


Table 7.—U.S. imports for consumption of gypsum and gypsum products 
(Thousand short tons and thousand dollars) 


Other 
Ground or Alabaster 7 : 
Year Crude calcined EAM ener factures, Toal 
e E value 
Quantity Value Quantity Value alae} (value) vane 15 
198898 8.031 56.960 4 305 1,922 26,200 2,492 487.880 
19884 8.904 73,965 11 392 3.300 86.962 5.048 169.667 
„C 9,922 64,089 2 242 5,173 80,119 5,799 155,422 


Includes imports of jet manufactures, which are believed to be negligible. 
Wiesn gypeum or plaster building boards and lath (TSUS 245.7000). 
a opd of statues and articles, n.s.p.f., of plaster of paris (TSUS 512.4100 and 512.4400) and gypsum cement, (TSUS 
512.3100 and 512.3500). 
*Data do not add to total shown because of independent rounding. 


Source: Bureau of the Census. 


Table 8.—U.S. imports for consumption of crude gypsum, by country 
(Thousand short tons and thousand dollars) 


oe 1984 1985 
n 3 —————— — a —ÓM—————M————— (A: 
7 Quantity Value Quantity Value 
Australis tc oo See ic 888 15 160 16 130 
Canada! CEPI ONERE ͥ ͤ 6.006 58.980 6,516 45,445 
/ ⅛˙ͤ²ͤ¹dddddſdddſſſdd 8 112 977 17 118 
„ p ete See eae 1,837 7,392 2,162 9,896 
r ccs "cC 922 6,312 1,207 8,052 
Others enn a ee ec AAA a es ek ue 12 143 4 447 
Tota Ceo Se n Dae Et oe kf eom 8,904 13,965 9,922 64,089 


Includes anhydrite. 
?Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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WORLD REVIEW 


Production of gypsum from small deposits 
in the developing countries has been inter- 
mittent and often unreported. Total world 
production figures might be somewhat low 
because, in many countries, significant 
mine production was consumed captively in 
integrated industrial plants producing wall- 
board, plaster, and plaster products, and 
was unreported. 

Canada.—Canada was the second largest 
producer of crude gypsum, accounting for 
1096 of the world total. Shipments increased 
9% to 9.8 million tons, 75% of which came 
from Nova Scotia. 

Canada exported 6.4 million tons of crude 
gypsum, almost 70% of its production. Over 
99% of the exports were to the United 
States, principally to wallboard plants in 
the Atlantic and Gulf Coast States. Canada 
imported about 120,000 tons of crude gyp- 
sum, over 70% of which came from Mexico. 

Production of wallboard products decreas- 
ed because of a 4-month strike at Domtar 
Inc.'s plant at Caledonia, Ontario. As a 
result, exports to the United States decreas- 
ed from the record high set in 1984. Wall- 
board imports increased greatly in 1985 
because of reduced production and an in- 
crease in Canadian demand. 

Domtar purchased the gypsum wallboard 
plants of Genstar Gypsum Ltd. at Edmon- 
ton, Alberta, and Saskatoon, Saskatchewan. 
Westroc Industries Ltd. announced that its 
Vancouver, British Columbia, plant would 
be closed. Westroc then purchased Genstar 
Gypsum’s gypsum wallboard plant in Van- 
couver.‘ 

The Gypsum Association in the United 
States, of which all Canadian gypsum wall- 
board manufacturers were members, 
announced that yearend Canadian wall- 
board capacity was 3.64 billion square feet, 
a slight decrease from that of 1984. 

Finland.—Kemira Oy opened a plant to 
produce paper coating pigments using 
phosphogypsum. The plant, at Siilinjarvi, 
has a capacity of 55,000 tons per year.* 

Germany, Federal Republic of.—The 


Federal Republic of Germany is one of 
Western Europe's major producers of crude 
gypsum and a world leader in specialty 
gypsum used in molding, dental, and phar- 
maceutical applications that require very 
high purity gypsum. The largest producer of 
crude gypsum is Gebr. Knauf Westdeutsche 
Gipswerke with a capacity of about 3.3 
million tons per year from 11 mines in 
Bavaria and 6 others in Baden-Württem- 
berg, Hessen, Saarland, and Lower Saxony. 
The second largest crude gypsum producer 
is Rigips Baustoffwerke GmbH, with nu- 
merous mines in Baden-Württemberg and 
two in Lower Saxony. Both companies pro- 
duce building plaster and wallboard. Anoth- 
er 20 or so smaller companies produce 
gypsum retarders for the cement industry, 
building plasters, high-purity specialty plas- 
ters, and gypsum blocks.* 

Libya.—Libya awarded a convract to de- 
velop a 220,000- to 330,000-ton-per-year gyp- 
sum mine and to construct export facilities 
at a port east of Tripoli. Most of the crude 
gypsum was expected to be exported to 
Scandinavia and Europe and the remainder 
used to supply domestic demand for plaster 
and wallboard products.’ 

Thailand.—Fueled by rapid growth in 
building construction in the Bangkok area, 
gypsum production, used mainly by the 
cement industry, increased about 13%. Ex- 
ports, mainly to Taiwan and Malaysia, in- 
creased slightly. Exports faced increased 
competition from Australia and India.* Ma- 
jor gypsum deposits are in the northern 
Provinces of Pichit and Nakhon Sawan and 
the southern Provinces of Nakhon Si Tham- 
marat and Surat Thani. The largest produc- 
ers in the north are Thai Gypsum Co. Ltd. 
and its affiliate Thai Gypsum Products Co. 
Ltd. with a combined capacity of 330,000 
tons per year of crude gypsum. In the 
southern Province of Surat Thani, Taksin 
Sahakarn Co. Ltd. is the largest producer, 
while in Nakhon Si Thammarat Chokpana 
Co. Ltd. and S. K. Minerals are the princi- 
pal producers.* 


Table 9.—Gypeum: World production, by country! 


GYPSUM 


(Thousand short tons) 
Country 1981 
Afghanistans Win 
BT ⁵ ⁵ 220 
J0)õÜ˙¹Ü0rG. 22 
Ai ³ð eee 739 
Australia `.. 1,932 
Ausiria' oe 882 
Belgium? i cse b Di y ege e 170 
Bolivia Lour AAA 1 
Cr ³¹weꝛ mae . eee 659 
Buhl!!! ek oe oe ces 386 
FP ͤ-0G0 km; ee es ee 34 
Canada (shipment) 7,144 
Chilli d EBS 262 
ô§ö§ö§ö’B u ðͤ WA D DET 3,700 
Cole? eee edi 7928 
0M; ⁵ jr dgͥ̃ ⁵ K ie re 143 
ei e eee ewe 744 
Crechoslova in 845 
Dominican Republic. cc... 3225 
Ecuador ĩ; AAA 22 
pm 1,047 
El Salvador? _______-._____-________- 1 
Ethiopia - - . 5 
France? ergeet ee i a parom 6,839 
German Democratic Republic? 0c 397 
Germany, Federal Republic of (marketable)? _ _ _ _ 2,122 
Greece -------- -m 694 
Guatemala _____________-___________ 32 
Honduras 22 
Ill!!! E? 1.045 
//˙» ů-0m k- oe es 26.600 
WB co es ( e Ue. 190 
Ireland. Ee 1996 
J/ͤ -~-n 46 
ENEE 1,702 
Jamaica as a at fe TER 8 206 
Japan. ho ee 6,765 
JM Uu ue ue 
Kenya? oo hee loe v -- 
Korea, Republic of *700 
m ee ete ³ ois Nm 45 
Lebanon- uuo marc eee wee cee 10 
õöĩÄ¹¹ũj q n 8 198 
Luxembourg MF DROPS PR NONE 1 
Mauritania 22 
MM ðͤ 2.635 
Mongoo, EE Ow 35 
Moroco `- , accuse 439 
Nicaragua. —— ------------------—-— *33 
Niger t o. o c a oes 8 
iStan 22an WÉI? 
Paraguay -~ ------------------------ 11 
2 EE EE 3386 
Philippines! |... 2 LL cL cll lc2 122 
Poland? -Jeca c te 21,445 
Pert See eee aoe Sae 268 
Romania 1.800 
Saudi Arabia aii 386 
Sierra Leone UM 
South Africa, Republic of 612 
/ a ig es ce ICM §,829 
LE P EENEG reg 
Sitzerlanddddd ee 95 
Syria _ _-----------~--------------- 88 
Taiwan. oo EE 1 
Tanzania” --------------------————- 13 
z 596 
lll ³ðV ĩ re 80 
Furk e! 100 
USS Ree osseous a CEA 5,400 
United Kingdonſmdʒ̃ 3,245 
United States 11,497 
Uruguay- ------------------------- (*) 
Venezuela — 241 
See footnotes at end of table. 


1982 
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Table 9.—Gypsum: World production, by country' —Continued 
(Thousand short tons) 
Country 1981 1982 1983 1984P 1985* 

Vietnam? ^o i n D E 17 30 30 30 30 
Yemen Arab Republic _-________-__----- 22 24 26 27 27 
Yugoslavia ... 8 737 705 687 r e720 750 

CCC 183,970 179,847 86,718 86,767 89,220 


Estimated. Preliminary. Revised. 

Table includes data available through July 8, 1986. 
*Reported figure. 

Includes anhydrite. 

*Data are for years beginning Apr. | of that stated. 


5Includes byproduct gypeum. (In the case of Japan, byproduct gypsum was virtually all the gypsum consumed during 
) 


1981-85. 
*Less than 1/2 unit. 
"Excludes byproduct gypsum. 
Revised to zero. 


TECHNOLOGY 


Windsor Gypsum Co. began construction 
of a gypsum wallboard plant near Tatum, 
TX, close to the Martin Lake powerplants of 
Texas Utilities Co. The raw material feed 
for the wallboard plant will be high-quality 
synthetic gypsum from the flue gas desul- 
furization system of the powerplants. This 
would be the first U.S. wallboard plant 
designed and constructed solely on the basis 
of a synthetic gypsum feed. 

The Bureau of Mines conducted pull and 
creep tests on roof bolts anchored with 
gypsum plaster. Results showed that 2-foot 
bolts anchored with the gypsum plaster, 
which was allowed to cure for 10 minutes, 
sustained pull test loads equal to the ulti- 
mate strength of the bolt steel, about 37,000 
pounds.“ 

The Bureau of Mines investigated possi- 
ble high- volume uses of waste phosphogyp- 
sum. Admixtures of phosphogypsum, fly 
ash, and lime that could produce a coarse 
aggregate suitable for road construction 
were studied. Use of cement, cement-kiln 
dust, clays, oxychlorides, phosphogypsum 
asphalt, and silica were also investigated. It 
was found that a mix containing 7% grade 


AC-20 asphalt and 93% aggregate composed 
of 20% dried phosphogypsum, 30% sand, 
and 50% limestone met Florida Department 
of Transportation specifications for a type 
III surface course mix, a sand-asphalt hot 
mix for patching, and an ABC-1 base course 
mix. Thus, phosphogypsum could be used in 
asphalt-concrete mixes for surface or base 
courses or for patching, but none of the 
various mixes could meet specifications for 
wearing or friction courses.!! 


Physical scientist, Division of Industrial Minerals. 

2Rock Products. V. 89, No. 1, Jan. 1986, p. 36. 

3Page 8 of work cited in footnote 2. 

*Stonehouse, D. H. Gypsum and Anhydrite. Can. Miner. 
Yearbook 1985, pp. 30.1-30.8. 

*Griffiths, J. Kemira Mica-Utilising Resources. Ind. 
Miner. (London), No. 219, Dec. 1985, p. 81. 

*Robbins, J The Industrial Minerals of West Germany. 
Ind. Miner. (London), No. 219, Dec. 1985, pp. 23-24. 

Industrial Minerals (London). No. 219, Dec. 1985, p. 12. 

U.S. Embassy, Bangkok, Thailand. State Dep. Telegram 
24749, May 28, 1986, sec. 17 and 18. 

*Rachdawong, S. Industrial Minerals of Thailand. Ind. 
Miner. (London), No. 221, Feb. 1986, pp. 40-41. 

!?^Hansen, J. S., and S. J. Gerdemann. Pull and C 
Tests on Gypsum-Bonded Roof Bolts. BuMines RI 8937, 
1955, 36 pp. 

!! May, A., J. R. Cobble, and J. W. Sweeney. Assessment 
of Phosphogypsum as a Constituent of Aggregate Material. 
BuMines RY «039, 1985, 21 pp. 


Helium 


By William D. Leachman! 


Grade-A helium (99.995% or better) sales 
volume in the United States by private 
industry and the Bureau of Mines was 1,444 
million cubic feet (MMcf) in 1985.2 Grade-A 
helium exports by private producers were 
439 MMcf, for total sales of 1,883 MMcf of 
US. helium. The Bureau’s price, f. o. b. 
plant, for Grade-A helium was $37.50 per 
thousand cubic feet (Mcf). The price of 
Grade-A helium gas sold by private produc- 
ers was about $36 per Mcf at the end of the 
year, and the price of liquid helium aver- 
aged $55 per Mcf gaseous equivalent with 
some producers posting surcharges to these 
prices. 

Domestic Data Coverage.—Domestic pro- 
duction data for helium are developed by 
the Bureau of Mines from records of its own 
operations as well as the “High-Purity Heli- 
um” survey, a single, voluntary canvass of 
private U.S. operations. Of the six oper- 


ations to which a survey request was sent, 
100% responded, and those data plus data 
from the Bureau’s operations represent 
100% of the total production shown in table 
2. 

Legislation and Government  Pro- 
grams.—The Government's program for 
storage of private crude helium in the 
Government's helium storage facilities at 
the Cliffside Field near Amarillo, TX, was 
critical in supplying helium for the private 
helium market. Private helium production 
in 1985 was not sufficient to provide for the 
private market because one of its crude 
helium separation plants suspended oper- 
ations in April. Private crude helium pre- 
viously stored under contract with the Gov- 
ernment was returned to the owners for 
purification as needed to provide for private 
industry's demand. 


DOMESTIC PRODUCTION 


In 1985, 11 privately owned domestic 
helium plants were operated by 8 compa- 
nies. Seven privately owned plants and one 
Bureau of Mines plant extracted helium 
from natural gas. Both private and Bureau 
plants use cryogenic extraction processes. 
Pressure-swing adsorption is used for heli- 
um purification at two newer private heli- 
um plants and at the Bureau's plant. Cry- 
ogenic purification is used by other pro- 
ducers. The Bureau and all six private 
plants that produce Grade-A helium also 
liquefy helium. They are Air Products and 
Chemicals Inc., Hansford County, TX; Nav- 
ajo Refined Helium Co. Shiprock, NM; 
Kansas Refined Helium Co., Otis, KS; and 
Union Carbide Corp., Linde Div., in Bush- 
ton, Elkhart, and Ulysses, KS. 

The volume of helium recovered from 
natural gas decreased in 1985 because one 


of the larger private crude helium plants 
shut down in April and did not resume 
operation owing to the declining market for 
natural gas and natural gas liquids. All of 
the natural gas processed for helium extrac- 
tion came from the gasfields in Kansas, 
New Mexico, Oklahoma, and Texas. 

The Bureau of Mines' 500-liter-per-hour 
helium liquefier was modified in 1985 to 
increase its efficiency. The control system 
was changed, and a wet-expansion engine 
was installed to increase its output. The 
modifications and new equipment increased 
liquefaction capacity about 30%, with an 
increase of only 11% in operating costs. The 
Federal demand for liquid helium continues 
to grow as national defense, space, and 
energy research and development projects 
using liquid helium increase. 
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Table 1.—Ownership and location of helium extraction plants in the United States 
in 1985 
Category and owner or operator Location Product purity 
Government-owned: 
Bureau of Mines Masterson, IX. Crude and Grade-A helium.! 
Dos ud e ete mE LH E Keyes, OK . Helium tank car maintenance 
only.? 
Private industry: 
Air Products and Chemicals Ine Hansford County, TX Grade-A helium. 
Cities Service Cryogenics Ine Scott City, 8s. . Crude helium.? 
Cities Service Helex In CCG Ulysses, KS. -------- Crude helium. 
Kansas Refined Helium C Oo. Otis, 8s Grade-A helium.! 
Navajo Refined Helium Co- ~- ~- ~- -- -- --- -- - -- Shiprock, NM ......- Do. 
Northern Helex Co -------------------- Bushton, 8s . Crude helium. 
Phillips Petroleum Co ---- Dumas, TX `- ------- Do. 
JJ y Hansford County, TX Do. 
Union Carbide Corp., Linde Div... „ Bushton, KS &s — Grade-A helium.’ 
Ee. enee ee le Elkhart. 8s Do. 
|» or IT ³ĩð2,ÄAu y Ulysses, K.. Do 
Including liquefaction. 


Tank car maintenance relocated to Masterson, TX, in May 1985. Keyes plant deactivated. 
*Output is piped to Ulysses, KS, for purification. 


Table 2.—Helium recovery in the United States! 


(Thousand cubic feet) 
1981 1982 1983 1984 1985 
Crude helium: 
Bureau of Mines: 
storage -257,799 -350,235 -275,114 -314,969 -411,681 
Private aduy 
Stored by Bureau of Mines 452,880 113,261 282,018 506,092 487,576 
Withdrawn- ---------------—-- -304,987 -724,113 -729,134 -605,935 -956,462 
Total private industry storage 147,893 -610,852 -447,116 -99,843 -468,886 
Total crude helium `. -109,906 -961,087 -722,830 -414,812 -880,567 


Stored private crude helium withdrawn from 
storage and purified by the Bureau of Mines 


for redelivery to industry. / -80,208 -51,234 -65,015 -49,057 -5,339 
Grade-A helium: 

Bureau of Mines sold 240,880 305,071 241,733 294,460 397.446 

Private industry sold 1.014.543 939,496 1,120,955 1,342,961 1,485,662 

Total sold 22.2... 1,255,423 1,244,567 1,362,688 1,637,421 1,883,108 

Total stored -190,114 -1,012,321 -187,845 -463,869 -885,906 

Grand total recovery ---------- 1,065,309 232,246 574,843 1.173.552 997.202 


Negative numbers denote net withdrawal from the Government's underground helium storage facility, a partially 
depleted natural gas reservoir in Cliffside Field near Amarillo, TX. 


Table 3.—Summary of Bureau of Mines helium plant operations 


(Thousand cubic feet) 
1983 1984 1985 
Grade-A supply: 
Inventory at beginning of period! _._.__._-.._-------.------ 20,368 22,400 18.163 
Helium recovered: Exell plant „„ 308,780 339,280 387,795 
NV WEE 329,148 861.680 405,958 
Grade A disposal: 
SJöùĩ§ĩꝙ m ð ð ß 241.733 294.460 397,446 
Redelivered to private producer g 65.015 49.057 5,339 
Inventory at end of periolldʒl 22,400 18,163 3,173 
„ ⁵ cunt E LIE pO ML eee eL 329,148 361,680 405,958 


! At Amarillo and Exel! helium plants. 
*Includes 65,015 Mcf purified for private industry in 1983, 49,057 Mef in 1984, and 5,339 in 1985. 
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Figure 1.—Helium recovery in the United States, 1960-85. 
i WYOMING KANSAS 
! @ Riley Ridge Area 
| (Church Buttes Field 


COLORADO 


Greenwood Fleid 
" Ute Dome Pie Keyes Field 
9 Shiprock K ey ge 


NEW MEXICO 


Panhandle Field 
KEY | | 


4 Bureau of Mines Clifteide 


SE OKLAHOMA 
Hellum Conservation j 
Pipeline System 


Amarillo 
Hellum — bearing 
natural gaa fields 


TEXAS 


Figure 2.—Major U.S. helium-bearing natural gas fields. 
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CONSUMPTION AND USES 


The major domestic end uses of helium 
were cryogenics, welding, and pressurizing 
and purging. Minor uses included synthetic 
breathing mixtures, chromatography, leak 
detection, lifting gas, heat transfer, and 
controlled atmospheres. The Pacific and 
Gulf Coast States were the principal areas 
for helium demand. 

Nine more successful space shuttle 
launches were made by the National Aero- 
nautics and Space Administration (NASA) 
in 1985 using Bureau helium. The Discovery 
space shuttle was launched four times, the 
Challenger and Atlantis orbiters were each 
launched twice, and the Columbia made one 
flight. Each space shuttle launch requires 
about 7.5 MMcf of helium for purging and 
pressurizing. Helium demand for space ac- 
tivity is increasing and is expected to in- 
crease more when the U.S. Department of 
Defense 's space shuttle facilities at Vanden- 
burg Air Force Base, CA, become operation- 
al 


The Federal agencies purchase their ma- 
jor helium requirements from the Bureau of 
Mines. Direct helium purchases by the U.S. 


Department of Energy, the U.S. Depart- 
ment of Defense, NASA, and the National 
Weather Service constituted most of the 
Bureau's Grade-A helium sales. All of the 
remaining sales to Federal agencies were 
through private helium distributors, who 
purchased equivalent volumes of Bureau 
helium under contracts described in the 
Code of Federal Regulations (80 CFR 602). 
Some of the private distributors also have 
General Services Administration helium 
supply contracts. These contracts make rel- 
atively small volumes of helium readily 
available to Federal installations at reduced 


freight charges. 


Table 4.—Total sales of Grade-A helium 


Table 5.—Bureau of Mines sales of Grade-A helium, by purchaser’ 
(Thousand cubic feet) 


Federal 
Department of Ene 


National Aeronautics and Space Administration 


National Weather Se 
Oth 


— — — —— — em mn em e e — — emm em ops 


— 2 wm ew wm em zm — m em ps vm vm ew vn e o wn mm o 


agencies: 
Department of Defense `... „„ 


— em mm ee — ee vm — ee — 


in the United States 
(Million cubic feet) 

Year Volume 

e EE 866 
1982 4. oo Ee ee 867 
1983 MBA ↄ ↄ 8 995 
IIJJövÜ·Ü EE 1,245 
1985: Lt eA uber eum e E 1,444 

1983 1984 1985 

T 105,372 117,047 120,225 
ORERE PONE 32,821 34,599 37,731 
„355 31,614 49,323 103,144 
EUR 814 752 909 
EEN 2,957 4,052 7,604 
uude Scag eee 179,698 205,773 269,613 
59,059 86,434 124,299 

MN 2,916 2, 3,034 
DESEE 241,783 294,460 397 446 


Table identifies Federal purchaser, who may redistribute the helium to another Federal helium user. 
3Purchased from the Bureau of Mines by commercial firms and redistributed to Federal installations under contract 


authority of 30 CFR 602. 
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ESTIMATED TOTAL HELIUM USED 
1,444 million cu. ft. 


(10.7%) 


Pressunzing 
and purging 


329 


(22.8%) 


(2.2%) 


Figure 3.—Estimated helium consumption in the United States in 1985, by end use 
(million cubic feet). 


STOCKS 


The volume of helium stored for future 
use in the Bureau of Mines helium conser- 
vation storage system, which includes the 
conservation pipeline network and the Cliff- 
side Field near Amarillo, TX, totaled more 
than 37 billion cubic feet (Bcf) at yearend. 
The conservation storage system contains 
crude helium purchased by the Bureau 


under contract, Bureau helium extracted in 
excess of sales, and privately owned helium 
stored under contract. During 1985, 488 
MMcf of private helium was delivered to 
the Bureau’s helium conservation storage 
system and 962 MMcf was withdrawn, for a 
net decrease of 474 MMcf of private helium 
in storage. 
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Table 6.—Summary of Bureau of Mines helium conservation storage system’ operations 
(Thousand cubic feet) 


Helium in conservation storage system at beginning of period: 
Stored under Bureau of Mines conservation program 
Stored for private producers under contract ..-------- 


Input to system: 


Net deliveries from Bureau of Mines plant. 
Stored for private producers under contract |... 


Helium in conservation storage system at end of period: 


Stored under Bureau of Mines conservation program 
Stored for private producers under contract - -------- 


1983 1984 1985 

3 35,787,375 35.511.661 35.196.692 
. 3,475,638 2,963,507 2,814,606 
3 as 39,263,013 38.475.168 38.011.298 
FF -215,714 -314,969 -411,681 
F 282.018 506.091 487,576 
F 6.304 191.122 75,895 

-794,149 -654,992 -961,801 
Dedm ro nai 787.845 463.870 -885,906 
See 35,511,661 35,196,692 34,784,996 
o te 2,963,507 2,814,606 2,340,396 
Nm 38,475,168 38.011.298 37,125,392 


Crude helium is injected into or withdrawn (-) from the Government's underground helium storage facility, a partially 


depleted 
I Negative numbers denote net withdrawal from storage. 


natural gas reservoir in Cliffside Field near Amarillo, 


RESOURCES 


Domestic measured and indicated helium 
resources as of January 1, 1985 (the latest 
figures available), are estimated to be 504 
Bcf. The total identified helium resources 
are about 20 Bcf more than reported in 
1984. This change is due to the identifica- 
tion of additional helium reserves in the 
Pecos Slope area of New Mexico and an 
increase in the undefined indicated catego- 
ry. The resources included measured re- 
serves and indicated resources estimated at 
240 and 29 Bcf, respectively, in natural gas 
with a minimum helium content of 0.3%. 
The measured reserves included 38 Bcf 
Stored in the Bureau of Mines' helium 
conservation storage system. Measured he- 
lium resources in natural gas with a helium 
content of less than 0.3% are estimated to 
be 44 Bcf. Indicated helium resources in 
natural gas with a helium content of less 


than 0.3% are estimated to be 191 Bef. 
Approximately 89% of the domestic helium 
resources under Federal ownership are in 
the Riley Ridge area and the Church Buttes 
Field in Wyoming, and in the Cliffside Field 
in Texas. 

Most of the domestic helium resources 
are in the midcontinent and Rocky Moun- 
tain regions of the United States. The meas- 
ured helium reserves are in approximately 
95 gasfields in 11 States. About 92% of these 
reserves is contained in the Hugoton Field 
in Kansas, Oklahoma, and Texas; the Keyes 
Field in Oklahoma; the Panhandle and 
Cliffside Fields in Texas; and the Riley 
Ridge area in Wyoming. The Bureau of 
Mines analyzed a total of 381 natural gas 
samples from 27 States during 1985 in 
conjunction with a program to survey and 
identify possible new sources of helium. 


TRANSPORTATION 


All Grade-À gaseous helium sold by the 
Bureau was shipped in cylinders, special 
railway tank cars, or highway tube semi- 
trailers. Liquid helium was shipped in dew- 
ars and semitrailers from the Exell helium 
plant. Private industrial gas distribu- 


tors shipped helium as gas or liquid. Much 
of the private helium was transported in 
liquid form by semitrailers to distribution 
centers, where a portion was gasified and 
compressed into trailers and small cylinders 
for delivery to the end user. 


HELIUM 
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The Bureau of Mines price, f.o.b. plant, 
for Grade-A helium was increased from $35 
to $37.50 per Mcf effective October 1, 1982. 


for Grade-A helium was about $36 per Mcf 
at yearend. The price of liquid helium 
averaged $55 per Mcf gaseous equivalent, 


The $37.50-per-Mcf price remained in effect plus possible surcharges. 
throughout 1985. Private producers’ price 
FOREIGN TRADE 


Exports of Grade-A helium, all by private 
industry, increased by 12% in 1985 to 439 
MMcf (table 7). Over 62% of the exported 
helium was shipped to Europe. Belgium- 
Luxembourg, France, and the United King- 
dom, collectively, received more than 94% 
of the European helium imports. About 
25% of the U.S. helium exports went to 
Asia, 4% to South America, 3% to Central 
America, 2% to North America, 1% to the 
Middle East and Australia-New Zealand, 
and less than 0.5% each to Africa and the 
Caribbean. The shipments of large volumes 
of helium to Western Europe were attrib- 
uted to helium’s use in breathing mixtures 
for diving and for welding in the explora- 
tion for North Sea oil and gas. Liquid heli- 
um is also being used in significant quanti- 


ties in cryogenic research and supercon- 
ducting equipment. Although no helium 
was imported in 1985, import tariffs on 
helium decreased 0.2% on January 1, 1985, 
to 4.0%. Future decreases are planned, with 
the import tariff finally reaching 3.7% on 
January 1, 1987. 


Table 7.—U.S. exports of Grade-A helium 
(Million cubic feet) 


Year Volume 

Ir TTT 88 389 
1982 ſime%ê „ EE 378 
1 E ERREUR CURAS vv 368 
1984 MERERETUR K EN 392 
Ee MERERI ⁰ytt MODERNE 439 


Source: Bureau of the Census. 


WORLD REVIEW 


World production of helium, excluding 
the United States, was estimated to be 100 
MMcf, most of which was extracted in 


Poland. The remainder was attributed to 
centrally planned economy countries. 


TECHNOLOGY 


Magnetic resonance imaging (MRI) con- 
tinues to gain acceptance in the medical 
field. About 125 units were installed during 
the year, which doubled the units in oper- 
ation at the end of 1984. MRI utilizes a 
superconducting magnet cooled by liquid 
helium to produce a magnetic field. The 
patient is placed in the magnetic field, 
where molecules in the body align them- 
selves with magnetic field lines. Radio 
waves are then beamed through the patient 
causing a different molecular alignment. 
When the radio waves are turned off, the 
molecules oscillate as they attempt to swing 
back to their prior magnetic alignment. 
This oscillation generates extremely weak 
radio waves that are received and analyzed 
by computer to obtain an image of the 


inside of the body. MRI and computer- 
assisted tomography (CAT) scans are now 
being utilized extensively at U.S. clinics. 
MRI offers several advantages over older 
methods of imaging, such as X-rays, as 
there are no harmful effects associated with 
this procedure. 

Commissioning of Fermi National Accel- 
erator Laboratory's (FNAL) Tevatron/Tev- 
atron 1 is proceeding with the first experi- 
ment scheduled for 1986. When the collider 
begins to function, it will be the highest 
energy accelerator in the world. If the 
Tevatron operates as designed, the focus of 
particle research will shift from the Europe- 
an Center for Nuclear Research (CERN) in 
Geneva, Switzerland, which presently has 
the highest energy accelerator, to FNAL in 
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Batavia, IL. Tevatron/Tevatron 1 is the 
world’s first liquid-helium-cooled supercon- 
ducting particle accelerator. The Govern- 
ment-owned, contractor-operated project at 
Batavia, IL, is a major advance in high- 
energy physics research, and the total sys- 
tem design is a major engineering achieve- 
ment. The use of superconductivity technol- 
ogy means that less electricity is required, 
reducing energy requirements, while in- 
tense and extremely steady magnetic fields 
are achieved. This application of supercon- 
ductivity for the Tevatron demonstrates its 
commercial value and the reliability of 
large helium liquefiers and refrigerators. 
The liquid helium that cools the magnets is 
supplied by a 5,000-liter-per-hour central 
helium liquefier coupled to 24 satellite heli- 
um refrigerators. It roughly doubles the 
world’s helium liquefying capacity. 
Researchers have begun final preparation 
for a 2-year test program aimed at develop- 
ing large superconducting magnets for fu- 
sion power reactors of the future. Installa- 
tion of the final magnet in Oak Ridge Na- 
tional Laboratory’s International Fusion 
Superconducting Magnet Test Facility com- 
pleted the assembly work with testing 
scheduled to begin in 1986. The facility is 
designed to simultaneously test six 45-ton, 
6- by 10-foot, D-shaped, helium-cooled super- 
conducting electromagnets under condi- 
tions simulating a tokamak fusion reactor 


MINERALS YEARBOOK, 1985 


(a doughnut-shaped chamber for confine- 
ment of ionized gas in a magnetic field). The 
international program includes three mag- 
nets from the United States and one each 
from Japan, Switzerland, and Euratom (a 
consortium of European countries engaged 
in atomic research). The test program will 
allow the U.S. Department of Energy to 
select the best design for future liquid- 
helium-cooled superconducting magnets, 
which will be used in the final nuclear 
fusion reactor design. 

Other technologies that are presently 
evolving and require helium’s unique prop- 
erties are (1) superconducting magnets used 
to separate weakly magnetic materials, (2) 
helium-neon lasers used to detect gas leaks, 
(3) helium ions used to treat tumors, (4) 
infrared mapping of infrared emissions in 
and beyond our galaxy, (5) helium pillow to 
analyze thermonuclear airbursts, (6) ‘‘Stra- 
tegic Defense Initiative" equipment, such as 
lasers and surveillance, and (7) new lighter- 
than-air activities. 

High-field design, liquid-helium-cooled su- 
perconducting magnets were selected for 
the proposed ‘Superconducting Super Col- 
lider.” Actualization of this project could 
have an impact on helium usage. 


Chemical engineer, Helium Field Operations, Amarillo, 


2 All helium volumes herein reported at 14.7 pounds per 
square inch absolute and 70° F. 


Iodine 


By Phyllis A. Lyday' 


Reported domestic consumption of iodine 
decreased during 1985. Three producers of 
crude iodine supplied less than one-half of 
domestic demand; the remainder was im- 
ported. Excess from the National Defense 
Stockpile remained unavailable for sale but 
could be bartered for other materials need- 
ed to meet goals. 

Domestic Data Coverage.—Domestic pro- 
duction data for iodine are developed by the 
Bureau of Mines from a voluntary survey of 
U.S. operations. Of the three operations to 
which a survey request was sent, two re- 
sponded, representing an estimated 88% of 
the total production. Production data are 
withheld to avoid disclosing company pro- 
prietary data. 

Legislation and Government Pro- 
grams.—The National Defense Stockpile 
contained 7.4 million pounds of crude iodine 
valued at $47 million in inventory at year- 
end. The stockpile goal remained at 5.8 
million pounds. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, 
iodine would be categorized in tier II, and 
the goal would be 5.5 million pounds of 
crude iodine. At yearend, this proposal was 
under consideration by Congress. The De- 
partment of Defense Authorization Act, 
1986 (Public Law 99-145), signed by the 
President on November 8, 1985, stated that 
no action may be taken before October 1, 
1986, to implement or administer any re- 


duction in a stockpile goal in effect on 
October 1, 1984. 

The Federal Emergency Management 
Agency (FEMA) published a notice to pro- 
vide guidance to State and local agencies 
responsible for radiological emergency plan- 
ning and preparedness regarding the distri- 
bution of potassium iodide (KI) for use as a 
thyroidal blocking agent by the general 
public in the vicinity of nuclear power- 
plants.? The U.S. Department of Health and 
Human Services delegated responsibility to 
the Food and Drug Administration (FDA) to 
provide guidance to State and local govern- 
ments on the use of radioprotective sub- 
stances and prophylactic use of KI to reduce 
the radiation dose to specific organs, includ- 
ing dosage and projected radiation expo- 
sures at which such drugs should be used. 
Recommendations were that KI could be 
used during radiation emergencies by peo- 
ple who are likely to receive more than 10 
to 20 rad to the thyroid. KI at recommended 
doses could block at least 90% of radio- 
iodine abeorption if the first dose is given 
shortly before or immediately after expo- 
sure to radioiodine, and the drug could 
block 50% of radioiodine uptake if the first 
dose was administered within 4 hours after 
exposure. State and local officials were 
responsible for establishing a system for 
informing the public how to use KI, report 
side effects of the drug, and get treatment 
for any adverse reactions. FEMA took the 
position that the predistribution or stock- 
piling of KI for use by the general public 
should not be required. 

The Federal Radiological Preparedness 
Coordinating Committee of FEMA publish- 
ed advisory guidelines to State and local 
governments who, within the limits of their 
authority, should consider the recommenda- 
tions in the development of emergency 
plans and in determining appropriate ac- 
tions to protect the general public. In sum- 
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mary, the policy recommends the stockpil- 
ing or distribution of KI during emergen- 
cies for emergency workers and institution- 
alized persons, but does not recommend re- 
quiring predistribution or stockpiling for 
the general public.? 

The FDA proposed amending regulations 
providing for the safe use of elemental 
iodine, KI, and isopropanol as components 
of a sanitizing solution produced by the 
Diversey Wyandotte Corp. for use on food- 
contact surfaces. 

The FDA continued to list Red No. 3 dye, 
erythrosine, on the provisional list of color 
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additives. Red No. 3 contains 58% iodine by 
weight and has a grape-like color used in 
carbonated soft drinks, powdered drinks, 
gelatin desserts, icings, and pet foods. Al- 
though under pressure by one citizens 
group, the FDA declined to make a final 
decision on the provisional list until all the 
relevant issues were considered. Amend- 
ments to the Food, Drug, and Cosmetic Act 
of 1960, the Delaney Clause, required that 
all permanently listed dyes be proven safe. 
The FDA announced that a decision on the 
provisional status was expected to be made 
in 1986.* 


DOMESTIC PRODUCTION 


The Dow Chemical Co. continued to re- 
cover iodine from mineral-rich brines as a 
byproduct of bromine and other salts such 
as sodium, magnesium, and calcium-magne- 
sium compounds. Dow's iodine production 
decreased during 1985 because of a planned 
shutdown of brine operations by 1986. 

North American Brine Resources operat- 
ed three miniplants at Dover and Hennes- 
sey in Kingfisher County, OK. The plants 
were located at oilfield reinjection disposal 
sites. Iodine of 95% purity was produced. 
Plant capacity was between 260,000 and 


350,000 pounds per year. North American 
was a joint venture among Godoe USA Inc., 
a wholly owned subsidiary of United Re- 
sources Industry Co., 50%; Beard Oil Co., 
40%; and Inorgchem Development Inc., a 
wholly owned subsidiary of Mitsui & Co. 
USA Inc., 10%. . 

Woodward Iodine Corp., a subsidiary of 
Asahi Glass Co. of Japan, produced iodine 
from brines using the blowing out proc- 
ess. Iodine purity was greater than 99.8%. 
Plant capacity was reported at 2 million 
pounds per year. 


CONSUMPTION AND USES 


An accurate iodine end-use pattern was 
not available because intermediate com- 
pounds were marketed before reaching 
their ultimate end uses. The downstream 
uses of iodine continued to be animal feed 
supplements, catalysts, pharmaceuticals, 
sanitary and industrial disinfectants, sta- 
bilizers, inks and colorants, photographic 
equipment, and other uses. Other uses in- 
cluded production of high-purity metals, 
motor fuels, iodized salt, smog inhibitors, 
and lubricants. Iodine also had application 
in cloud seeding and radiopaque diagnosis 
in medicine. 

Deepwater Chemical Co. Inc., sole pro- 
ducer of calcium iodide in the United 
States, reported a stable market of less than 


111,000 pounds.* 
The U.S. International Trade Commission 
(ITC) publication, Synthetic Organic 


Chemicals, 1984,” reported that the Sterling 
Organic Div. of Sterling Drug Inc. and 
Mallinckrodt Inc. were the only domestic 
producers of roentgenographic contrast me- 
dia used in X-rays. Substances listed as 


being produced were meglumine diatri- 
zoate, sodium diatrizoate, iopanoic acid, 
meglumine iothalamate, meglumine, sodi- 
um tyropanoate, and an “other” category. 
These substances contained between 47% 
and 67% iodine by weight. Sterling discon- 
tinued the production of radiopaque com- 
pounds in June 1984 and began importing 
compounds for domestic sales that occurred 
throughout 1985. 

Radioactive iodine-125 was shipped by 
New England Nuclear Products, an E. I. du 
Pont de Nemours & Co. Inc. subsidiary, to 
Daiichi Pure Chemicals Co. Ltd., its exclu- 
sive distributor in Tokyo, Japan. Isotopes 
were used in university and hospital re- 
search. 

Modern day rainmakers used silver io- 
dide and sometimes dry ice as a nucleating 
agent to "seed clouds" by attracting cloud 
droplets to produce rain. About 25,000 
pounds of silver iodide was used throughout 
the world for cloud seeding, including about 
1,000 pounds in the United States. The 
amount used varied but averaged between 
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10 and 50 grams per cloud seeding. Deepwa- 
ter Chemical was the sole supplier. 

The ITC reported in “Synthetic Organic 
Chemicals, 1984," that 357,000 pounds of 
Red No. 3 was sold at a value of $5.2 million. 
The four companies reporting production 
were H. Kohnstamm & Co. Inc., Sterling 
Drug, McCormick & Co. Inc., and Warner- 
Jenkinson Co. . 

Several major companies that consume 
iodine were for sale during 1985. Mal- 
linckrodt, a specialized chemicals and medi- 
cal products company, was the largest do- 
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mestic consumer of crude iodine and had 
been acquired by Avon Products Inc. in 1982 
for $715 million. Uniroyal Chemical Co., a 
subsidiary of Uniroyal Inc., was also for 
sale. The subsidiary manufactured agricul- 
tural and industrial chemicals, specialized 
rubber and plastic products, and other spe- 
cialty chemicals. Such catalysts as titanium 
tetraiodide and diethylaluminum iodide 
were used to produce stereospecific poly- 
butadiene and polyisoprene, major synthet- 
ic rubbers. 


Table 1.—U.S. consumption of crude iodine, by product 


1984 1985 
Consump- Consump- 
Product Number tion Number tion 
of plants (thousand  ofplants (thousand 
pounds) pounds) 

Reported consumption: 
Resublimed iodiuniuninneN ni 4 161 6 191 
Potassium iodide - - - - --- - ------------—------—-—— 8 1,281 8 1,077 
Sodium iodide ~- _------------=~---------------—- 6 122 5 145 
Other inorganic compounds 15 1,286 28 1,248 
Ethylenediamine dihydroiodide. .. - - - - -- -- ----------- T6 1,137 5 1,199 
Other organic compounds - -----------------------—- 22 1,540 16 1,312 
Total a Sc a tre et a a Ue eiue da e 129 5,527 127 5,172 
Apparent consumptiol “! XX XX W 

"Revised. W Withheld to avoid disclosing company proprietary data. XX Not applicable. 


!Nonadditive total because some plants produce more than one product. 


PRICES 


In April, the major suppliers of crude 
iodine increased prices about 14 cents per 
pound to $5.72 per pound for truckload 
quantities; smaller quantities were reported 


Calcium iodate, FCC drums, f.o.b. works _ _ 


at $6.35 per pound. Silver iodide for cloud 
seeding was about $2.00 per gram. The 
quoted yearend U.S. prices for iodine and its 
primary compounds were as follows: 


Per pound! 
$5.50 


Calcium iodide, 50-kilogram drums, f.o.b. 


o 
Iodine, crude, drums |. .. 


9.07 
$5.60- 5.72 


Iodoform, N.F., 300-pound drums, f.o.b. 


works 


24.00 


Potassium iodide, U.S.P., granular, crystals, 


drums, 1,000-po 


und lots, delivered 


10.72- 12.39 


Resublimed iodine, U.S.P., granular, 100- 


pound drums, works 


14.21- 14.59 


Sodium iodide, U.S. P., crystals, 300- to 500- 


pound lots, drums, freight equalized _ - 


14.72 


Conditions of final preparation, transportation, quanti- 
ties, and qualities not stated are subject to negotiations 
and/or somewhat different price quotations. 


Source: Chemical Marketing Reporter. V. 228, No. 25, 


Dec. 16, 1985, pp. 40-48. 
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FOREIGN TRADE 


The U.S. Department of the Treasury 
began charging a duty of 6.7 cents per 
pound on iodine of 99.9% or greater purity 
in September 1984. Treasury decided to 
take Japanese-produced iodine imported 
under item 415.25, Tariff Schedule of the 
United States (TSUS), and classify it under 
the provisions for resublimed iodine in item 
415.27, TSUS. This decision was based on 
the various filtering, separating, and heat- 
ing procedures that used sulfuric acid, hy- 
drochloric acid, and chlorine. Although the 
product was not resublimed, Treasury con- 
sidered it to be something other than crude 


because of further processing. Under the 
similitude provision, item 798.00, TSUS, it 
was classified "a nonenumerated product 
most resembling as to use the product 
resublimed iodine at the same rate of duty 
as that applicable to as resublimed iodine."* 

At yearend 1985, the collection of the 
duty caused delays in the delivery of iodine 
while the U.S. Customs Service sent sam- 
ples to laboratories for analysis. The duty 
rate during 1985 on crude and resublimed 
iodine was $0.00 and $0.065 per pound, 
respectively. 


Table 2.—U.S. imports for consumption of crude iodine, by type and country 
(Thousand pounds and thousand dollars) 


Type and country 


Belgium. s / ³ AAA 
J ⁰wπ˖‚gæ m0k K et 


Japan- e . et 
United KingdoPdmtmmnnns LL 22 LL lll 


P ³ð-Zſ ĩͤ . 


"Revised. 


1984 1985 

Quantity Value? Quantity Value! 
8 mc sch 21 174 
5 1,176 "5 304 1,651 8,105 
„„ 3.711 719,404 3,299 18,479 
PENA 179 93 A E 
hc e (3) T2 wad zt 
Br 5,067 rg, 809 4.971 26.761 
. 2 3 3 17 
5 a dl 1 3 
MI e 3 126 6 30 
MN REM 24 1124 12 64 
cc eee 1 1 2 3 
8 25 "138 41 226 
„5 4 145 2 54 
FF 63 1344 67 396 
VEMM T2) " e s 
3 SES m 2 4 
. ($) ($) 408 2,158 
ee V ne 1 13 
8 71 79 2 17 
. 1 110 410 2.198 
EE 5,131 125,158 5.448 29.350 


1Declared c i.f. valuation (1984 value previously published as custom value). 


3] ess than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 


*Revised to zero. 


Source: Bureau of the Census. 


WORLD REVIEW 


Chile.—María Elena and Pedro de Valdi- 
via, the only remaining nitrate mines in the 
world, were owned by the Sociedad Química 
y Minera de Chile (SOQUIMICH). Final 


products included sodium nitrate, potassi- 
um nitrate, sodium sulfate, and iodine. 
From each 2,000 pounds of caliche ore 
mined, 75 pounds of potassium nitrate, 13 


IODINE 


pounds of sodium sulfate, and 0.2 pound of 
iodine were produced.* Maria Elena employ- 
ed about 1,800 workers, and Pedro de Valdi- 
via employed about 2,000 workers. 

SOQUIMICH announced the completion 
of a new iodine plant at yearend 1985 with 
a capacity between 440,000 and 550,000 
pounds per year. Potential iodine reserves 
were estimated at 300 million pounds of 
economically recoverable iodine in ore sur- 
rounding the existing mining operations, 
and another 440 million pounds in overbur- 
den and waste dumps close to the plants.* In 
addition to the new plant, SOQUIMICH had 
developed a new mineral fertilizer byprod- 
uct, "astrakanite," or bloedite, a magnesi- 
um-sodium hydrous sulfate, utilizing resi- 
dues that were disposed of in the playa for 
30 years from the Coya Sur evaporation 
ponds that concentrate the iodide liquor 
leached from the nitrates. 

Japan.—Japan led the world in produc- 
tion of iodine in 1985. Japan produced wet, 
propane-butane-rich, and dry, methane-rich 
natural gas, but all of the iodine produced 
in Japan occurred in the brines in the dry 
type of gasfields. Production was from vari- 
ous strata buried with natural gas between 
1.7 and 24 million years ago. The natural 
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gas reservoirs were found within the sedi- 
mentary basin of the marine Kazusa Group 
of Late Pliocene to Middle Pleistocene in 
sediments deposited in water about 600 feet 
or more in depth. The group is distributed 
over an area of about 12,000 square kilo- 
meters. The major iodine-producing area 
was the southern Kanto Gasfields, which 
extend into Chiba, Tokyo, and Kanagawa 
Prefectures. Iodine was produced in the 
Niigata and Nakajo Gasfields in Niigata 
Prefecture, on the Sea of Japan side of 
central Japan, and the Sadowara Gasfield 
in Miyazaki Prefecture, southern Kyushu. 
The occurrence of iodine was confirmed in 
gasfields in southern Okinawa, the Osham- 
ambe, Hokkaido, and the  Ishikawi, 
Honshu. 

U. S. S. R.—At the Neftechala iodine-bro- 
mine plant in Azerbaidzhan, construction of 
the first stage of renovation was reported 
completed. At the Nebit-Dag iodine-bromine 
plant in Turkmens S. S. R. (Turkmenistan), 
an experimental facility was planned to 
study extraction of coproduct boron, calci- 
um, magnesium, and sodium compounds 
from the brines during 1986-90. It was 
reported that the brines contain 250 grams 
per liter combined of these various ele- 
ments.!! 


Table 3.— Crude iodine: World production, by country! 


(Thousand pounds) 
Country? 1981 1982 1983 1984P 1985* 
Chill aat etas cM ie 5,926 5,123 6.158 5,866 5,700 
Chinat oc esce xxx scope E 1,000 1,000 1,000 1,000 1,000 
Indonesia... = 2 --- -----------—---—-——- T55 64 55 55 55 
Japan o cua no uen el ate ee E 15,128 15,829 16,034 16,098 315,986 
USSR EE 4,400 4,400 4,400 4,400 4,400 
United States W w W W W 
I!! ths eet te oe 26,509 27,016 27,647 27,419 27,141 


“Estimated. Preliminary. "Revised. 
Table includes data available through June 17, 1986. 


W Withheld to avoid disclosing company proprietary data. 


In addition to the countries listed, New Zealand also produces elemental iodine, but production data are not available, 
and available information is inadequate for formulation of reliable estimates of output levels. 


3 Reported figure. 
*Excludes U.S. production. 


TECHNOLOGY 


The National Oceanic and Atmospheric 
Administration reported in 1984 that there 
were 32 domestic cloud-seeding projects 
covering 66,120 square miles. Cloud seeding 
was accomplished in two ways. In the first 
method, silver iodide, dissolved by ammo- 
nium iodide, was sprayed into a cloud 
through a propane flame, usually from the 
wing of an airplane flying through or just 


below a cloud. In the second method, an 
aluminum canister containing a pyrotech- 
nic mixture of silver iodide, silver iodate 
oxidizer, aluminum, and magnesium was 
used. The canister, attached to an airplane 
wing, was ignited electrically, thus releas- 
ing the iodide particles. The canister could 
also be dropped through the cloud.'? 

Recent experiments demonstrated the sil- 
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ver ions diffuse rapidly when a potential 
was applied across a silver mercury iodide 
solid electrolyte. At temperatures less than 
50* C, silver mercury iodide existed in an 
ordered structure. At temperatures equal to 
and above 50° C, the cations demonstrated a 
disordered structure. Although details dif- 
fer from one compound to another, most 
crystalline inorganic electrolytes followed a 
similar temperature pattern described from 
silver mercury iodide. Each had a low- 
conductivity phase in which ions were or- 
dered in a subeet of lattice sites. Over some 
higher temperatures, the ions became disor- 
dered among the sites and conductivity was 
high. This predictable behavior has guided 
solid-state chemists searching for new high- 
conductivity solid electrolytes. High-conduc- 
tivity solid electrolytes have revolutionized 
conventional concepts of ionic compounds 
and have potential in high-energy-density 
battery and fuel cells and lasers. 

An organic material, named ET-iododi- 
bromide, that becomes superconducting at 
2.8 kelvin (K) and ambient pressure has 
been produced. The transition temperature 
is twice as high as the level achieved by 
earlier organic superconductors at ambient 
pressure. Evidence indicates that this com- 
pound can become superconducting at 4 K 
under different pressure conditions.“ 

The 28th biennial Kirkpatrick Chemical 
Engineering Achievement Award was be- 
stowed on Tennessee Eastman Co. for pio- 
neering a coal-based acetic anhydride proc- 
ess that offers lower costs using a rhodium, 
methyl iodide, and lithium catalyst. The 
firm was the first to manufacture an indus- 
trial chemical that used a second-genera- 
tion coal-gasification process to produce ace- 
tic anhydride, a key raw material 

Studies of two strains of chickens geneti- 
cally susceptible to autoimmune thyroiditis 
indicate a direct link between the rising 
incidence of autoimmune thyroiditis in 
chickens and their consumption of large 
amounts of iodine. The research can be 
applied to similar incidents of autoimmune 
thyroiditis in Americans and their con- 
sumption of large amounts of iodine. When 
iodine concentrates in the thyroid, it is 
incorporated into thyroglobulin molecules, 
altering the shape of the molecules and 
probably increasing their immunogenicity. 
This may account for the initiation of au- 
toimmune disease. 
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Iodophors, carriers of iodine, are the least 
expensive way to sterilize water. Starch and 
iodine solutions are capable of annihilating 
bacterial flora, yeasts, and molds. Polyvinyl 
alcohol and iodine are also other common 
antiseptic bases. In addition, the same type 
of starch and iodine solution can be used to 
preserve fruit for several months.“ 

Energy-efficient lamps containing iodine 
in metal halide compounds were developed 
specifically for the Statue of Liberty by 
General Electric Co.s Lighting Business 
Group. The lamps are activated by passing 
current through a quartz tube and exciting 
the metal halides to higher energy levels. 
The colors depend on the chemical makeup 
of the iodine compounds. The expected con- 
sumption of 17.9 kilowatt hours per year 
will result in a savings of over 50% of the 
cost of the electricity. 


physical scientist, Division of Industrial Minerals. 

*Federal Register. Federal Emergency Management 
Agency. Federal Policy on Distribution of Potassium 
Iodide Around Nuclear Power Sites for Use as a Thyroidal 
Pio cing Agent. V. 50, No. 119, June 20, 1985, pp. 25624- 


3 . Federal Emergency Management Agency. Fed- 
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Nuclear Power Sites for Use as a Thyroidal Blocking 
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$—— —. Food and Drug Administration (Dep. Health 
and Human Services). Indirect Food Additives; Adjuvants, 
Production Aids and Sanitizers. V. 50, No. 110, June 7, 
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5Chemical Week. FDA Eyes Six Certified Dyes. V. 136, 
No. 4, Jan. 23, 1985, p. 9. 

Chemical Marketing Reporter. Drugs and Fine Chemi- 
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Washington, DC 20241. 
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able on request from P. A. Lyday, Washington DC 20241. 
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Iron Ore 


By Peter H. Kuck! 


U.S. production of iron ore declined 
slightly in 1985, as the recovery of the basic 
industries sector from the 1982-83 recession 
began to slow. Demand for pellets from the 
iron and steel industry leveled off in mid- 
year compared with 1984 levels, but firmed 
in the fourth quarter. The domestic ore 
industry suffered from excess production 
capacity and was forced to schedule a num- 
ber of shutdowns ranging from 4 to 15 
weeks as well as production cutbacks. One 
mine was closed and the future of several 
others was uncertain. Both the ore and steel 
industries underwent more restructuring as 
part of the continuing struggle since 1982 to 
reduce production costs and improve effi- 
ciency. Production of usable ore in 1985 was 
about 56% of productive capacity. Yearend 
stocks of iron ore at U.S. docks and furnace 
yards were at their lowest levels in more 


than 30 years. 

In the rest of the world, iron ore produc- 
tion and trade were slightly higher in 1985 
as consumption stabilized in both the Euro- 
pean Communities (EC) and Japan. New 
markets for ore from market economy coun- 
tries continued to grow in China, the Repub- 
lic of Korea, Taiwan, Eastern Europe, and 
the Middle East. Nevertheless, worldwide 
overcapacity remained a serious problem 
for most producers and was expected to 
worsen when the 34-million-ton-per-year?® 
Carajás project in Brazil, the 7.4-million- 
ton-per-year Kudremukh project in India, 
and the 4.9-million-ton-per-year San Isidro 
Mine in Venezuela are brought into full 
production. International iron ore prices 
firmed, while ocean freight rates for spot 
charterings, in constant dollars, declined to 
their lowest levels in 7 years. 


Table 1.—Salient iron ore statistics 
(Thousand long tons and thousand dollars unless otherwise specified) 


1981 1982 1983 1984 1985 
United States: 
Iron ore (usable, 1 less than 5% manganese): 
Production... 73,174 35,433 37,562 §1,269 48,751 
Shipmenttn3 72.181 35,756 44.596 50,883 49,411 
Value -------------------- $2,915,239 $1,491,809 $1,944,988 $2,247,686 22,076,730 
Average value at mines 

dollars per ton $40.39 $41.72 $43.61 $44.17 $42.03 
TO oe rl oer 5, 3,178 3,781 4,993 5,033 
l. mE $244,685 $150,522 $182,144 $239,251 $240,557 
Imports for consumption 28.3. 14.501 13.246 17.187 15.771 
Vd feces T $947,977 $470,847 $445,731 29,065 $452,240 
8 tion iron ore and agglomerates) _ 104, 63,916 70,629 72,514 70,575 
At mines 12.734 12.129 34,122 35,265 35,951 
At consuming plant 36,203 29,923 25,494 24,017 21,290 
At U.S. dockk s 6,571 5,750 3,174 2,942 2,404 

iferous iron ore (5% to 35% 

manganese) 

Shipment 156 28 30 79 18 
World: Production "844,606 768,011 726,399 P817,428 845.251 


“Estimated. Preliminary. Revised. 


Direct-chipping ore, concentrates, agglomerates, and byproduct ore. 


7Excludes byproduct ore. 


These stocks are not comparable to those of previous years owing to the reclassification of some stocks from the usable 


to the byproduct category. 
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Figure 1.—U.S. iron ore production and imports for consumption. 


Domestic Data Coverage.—U.S. produc- 
tion data for iron ore are developed by the 
Bureau of Mines from three separate volun- 
tary surveys of domestic operations. The 
annual "Iron Ore" survey (1066-A) provides 
the basic data used in this report. Of 55 
addressees to whom the 1066-A form was 
sent, 52 responded, representing 78.3% of 
total production shown in tables 1 through 
4. Production for nonrespondents to the 


annual survey was estimated from monthly 
surveys (1066-M), using data from railroad 
reports and reported production levels in 
prior years, supplemented by employment 
data, mine inspection reports, and informa- 
tion from consumers. Consumption data 
were mostly provided by the annual ‘‘Blast 
Furnace and Steel Furnace" survey (1067- 
A). Data coverage for this survey is reported 
in the “Iron and Steel" chapter. 


EMPLOYMENT 


Statistics on employment and productivi- 
ty in the U.S. iron ore industry in 1985, 
shown in table 2, were derived from quar- 
terly employment data supplied by the 
Mine Safety and Health Administration 
(MSHA) of the U.S. Department of Labor, 
and from production data derived from 
Bureau of Mines surveys. Both sets of data 
were obtained from producers' reports. 

The statistics include production workers 
employed at mines, concentrators, and pel- 
letizing plants, and in repair and mainte- 
nance shops, but do not include 1,014 per- 
sons engaged in management, research, or 
office work at mines and plants. Employees 
engaged in ore preparation, such as sinter- 
ing, at blast furnace sites are not included. 


Because employment data reported to 
MSHA are primarily for safety analysis, 
hours spent by salaried employees in mines 
or plants may be included by operators in 
the total number of hours worked at indi- 
vidual mines or plants. This has resulted in 
understatement of calculated productivity 
by 10% to 25% for some operations, but its 
effect on others is not known. If company 
reporting practice is consistent, however, 
comparison of productivity from 1 year to 
the next should be reasonably valid. 
Average quarterly employment decreased 
slightly compared with that of 1984, with 
total hours worked and output of usable ore 
decreasing by 16% and 5%, respectively. In 
the Lake Superior district, which accounts 
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for the bulk of U.S. output, average produc- 
tivity for usable ore was only 14% higher 
than that of 1984 but 59% higher than that 
of 1981. The significant gain since 1981 is 
the result of drastic reductions in employ- 
ment made by the principal producers in 
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1982, which have allowed the potential 
productivity of highly mechanized oper- 
ations to be increasingly realized. The con- 
centration of production in large-scale taco- 
nite operations of the Lake Superior district 
was an important contributing factor. 


DOMESTIC PRODUCTION 


A leveling off of demand from the iron 
and steel industry in midyear was largely 
responsible for the 5% decline in iron ore 
production from the 1984 level of 51.3 mil- 
lion tons. A small increase in demand from 
Canada helped moderate the decline. Out- 
put of usable ore in the first half of the year 
was 8% lower than that in the comparable 
period of 1984, shipments were down 6%, 
and production of pig iron decreased 10%. 
In August, demand began to recover and, 
during the last 5 months of the year, month- 
ly production of pig iron was above 1984 
levels. Several mines and pelletizing plants 
were closed for periods of 4 to 15 weeks 
during the second half of the year. By 
December 1, four of the eight taconite 
operations in Minnesota had been shut 
down for an indefinite period, and one had 
been permanently closed. The patterns of 
production, shipments, and plant closings 
were similar to those experienced in 1984 
and reflected a continuing weakness in 
demand for domestic iron and steel. Total 
output of usable ore was equivalent to about 
56% of installed production capacity on 
January 1. 

Iron ore was produced by 19 open pit 
mines and 1 underground mine. Fifteen 
mines produced ore for the iron and steel 
industry but only 2 mines were operated 
throughout the year and only 1 of the 2 
produced at its rated capacity. One taconite 
mine and associated pelletizing plant re- 
mained idle, while one large, permanently 
closed “natural ore" mine shipped pellets 
and concentrates from stocks. Installed pro- 
duction capacity for usable ore at yearend 
was estimated at 86 million tons per year, 
including 82 million tons of capacity for 
pellets. Effective production capacity for 
pellets was at least 15 million tons less than 
installed capacity. 

An average of 3.1 tons of crude ore was 
mined in 1985 for each ton of usable ore 
produced. This ratio does not take into 
account the tonnage of waste rock or over- 
burden removed. The ratio of total materi- 
als mined to usable ore produced was proba- 
bly greater than 5 to 1. Low-grade ores of 


the taconite type mined in Minnesota and 
Michigan accounted for 97.9% of total crude 
ore production. U.S. production of pellets 
totaled 47 million tons in 1985, 96% of 
usable ore output. Average iron content of 
usable ore produced was approximately 
64.2%, while that of usable ore shipped was 
63.8%. 

Inland Steel Co. combined the activities of 
its former Raw Materials Department (iron 
ore, coal, limestone, and fleet operations) 
with those of its coke, ironmaking, and 
materials control operations to form a new 
Materials and Energy Group. The company 
continued to restructure its iron ore oper- 
ations in order to reduce costs and match 
the downsizing of its steelmaking oper- 
ations. Inland Steel retained its wholly 
owned Minorca Mine and pelletizing facili- 
ties at Virginia, MN, along with its shares 
in the Empire Mine at Palmer, MI, and the 
Wabush Mines operations in Labrador and 
at Pointe Noire, Quebec. However, the But- 
ler Taconite project, in which Inland Steel 
has 38% ownership, was permanently 
closed on June 29. 

The closure of the Butler Taconite project 
at Nashwauk, MN, was the first permanent 
shutdown among the eight taconite oper- 
ations on the Mesabi Range. Butler Taco- 
nite had an annual production capacity of 
2.7 million tons of pellets. The decision to 
close was precipitated by the bankruptcy 
filing in April of Wheeling-Pittsburgh Steel 
Corp., which owned 24.5% of the venture. 
The remaining 37.5% share was held by 
The M. A. Hanna Co. (formerly Hanna 
Mining Co.), which managed the project. 
With the closure of Butler Taconite, Hanna 
no longer has ownership in any operating 
U.S. iron mine. As recently as 1980, Hanna 
was among the leading iron ore producers 
and merchants in the United States. How- 
ever, the company continues to manage the 
National Steel Pellet Co. project at Keewa- 
tin, MN. Hanna is also manager and a 
major shareholder of the Iron Ore Co. of 
Canada, the largest iron ore producer in 
Canada, as well as a major shareholder in 
Minerações Brasileiras Reunidas S.A. 
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(MBR), the second largest iron ore producer 
in Brazil. 

Minnesota produced 72% of the national 
output of usable ore in 1985. Production of 
pellets totaled 33.4 million tons, equivalent 
to about 53% of installed production capaci- 
ty of the State’s eight taconite plants. The 
remainder of the output consisted of hema- 
tite concentrates produced from “natural” 
ores by LTV Steel Co. and Rhude & Fryber- 
ger Inc. Pittsburgh Pacific Co. shipped 
29,000 tons of concentrates recovered from 
stockpiled ores. All of the taconite plants 
were operated in 1985 but most were idle for 
part of the year. 

National Steel Pellet was operated 
throughout the year, except for a 21 day 
period in April and produced 4.4 million 
tons of pellets, a level slightly lower than 
that of 1984. However, in mid-December, 
the company announced that it would close 
for a total of 3 months in 1986 because of a 
planned cutback to 4.0 million tons. 

Butler Taconite was operated from March 
4 until June 29, when it was permanently 
closed. During the 4-month period, the oper- 
ation produced about 960,000 tons of pellets. 
Approximately 450 employees were affected 
by the closure. 

Reserve Mining Co., a joint venture of 
Armco Inc. and LTV Steel, recalled an 
additional 145 employees on January 6 and 
restarted the second of eight pelletizing 
lines at its Silver Bay plant. Ore was provid- 
ed by the Peter Mitchell Mine at Babbitt. 
The company had been operating only one 
of its lines since September 1984 when 
production was cut and 200 employees were 
laid off. Both lines remained in operation 
until June 30, when Reserve shut down 
both Silver Bay and Babbitt for 4 weeks and 
temporarily laid off 1,000 employees. The 
company produced only 3.2 million tons 
during the year, slightly less than 33% of 
capacity. 

Erie Mining Co. resumed production of 
pellets at Hoyt Lakes on March 3, after a 3- 
month shutdown, and produced 5.0 million 
tons before being shut down again on No- 
vember 30. 

Hibbing Taconite Co. was operated from 
March 17 to October 26 and produced 5.1 
million tons of pellets, about 18% less than 
in 1984. 

The Minntac facility of United States 
Steel Corp. was operated from January 13 
to June 30 and from July 28 to December 1, 
producing about 9.9 million tons of pellets 
or 53% of installed capacity. The pelletizing 
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plant operated only three of its seven pro- 
duction lines, as in 1984. The work force 
varied from 1,450 to 1,700 and was some- 
what smaller than before owing to stream- 
lined operations. 

Oglebay Norton Co. suspended production 
at Eveleth Mines on June 30 for 15 weeks 
because of reduced demand for pellets. Only 
735 of the 750 laidoff workers were recalled 
when operations were resumed on October 
13. Because of the summer shutdown, Eve- 
leth produced only 3.0 million tons, 50% of 
capacity. A 380,000-ton production run was 
made at Eveleth Mines’ Fairlane plant 
using the organic compound "Peridur" as a 
substitute pellet binder. These lower silica 
pellets were used by two of the operation’s 
partners in closely monitored blast furnace 
trials with encouraging results. 

The Minorca Mine of Inland Steel Mining 
Co. was operated from February 24 to June 
29 and from August 4 to November 16, 
producing 1.9 million tons of pellets. Ap- 
proximately 405 workers were laid off when 
the mine and pelletizing facilities were 
temporarily shut down in November. The 
shutdown was triggered by cutbacks in steel 
production at Inland Steel’s Indiana Harbor 
Works, which uses Minorca pellets exclu- 
sively. Only five of the nine blast furnaces 
at Indiana Harbor were running at the end 
of December. 

More than 4,500 employees were out of 
work in Minnesota at yearend as a result of 
the permanent closure of Butler Taconite 
and the temporary shutdowns in the fourth 
quarter of four other taconite plants. 

Michigan produced 26% of the national 
output of usable ore in 1985. Production 
consisted entirely of pellets produced from 
ores mined at the Empire and Tilden Mines 
in Marquette County. Both mining ventures 
are managed and partially owned by the 
Cleveland-Cliffs Iron Co. (CCI). The compa- 
ny's wholly owned Republic Mine remained 
idle throughout the year. Production of 
pellets totaled 12 5 million tons, of which 6.9 
million tons was produced at the Empire 
plant and 5.6 million tons was produced at 
Tilden. The Empire facility was operated all 
year except for a 7-week period between 
September 1 and October 20 and produced 
at 86% capacity. The average operating 
rate at Tilden was only 70%. CCI was forced 
to suspend all operations at the Tilden Mine 
and temporarily lay off 850 employees after 
a fire extensively damaged the mine’s main 
conveyor system on June 12. On July 7, 300 
workers were called back and assigned to 
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stripping operations and maintenance. Full 
operations were resumed on July 29. 

In Missouri, Pea Ridge Iron Ore Co. 
produced about 1.1 million tons of iron ore 
products, including 1.03 million tons of self- 
fluxing olivine pellets, from magnetite ore 
produced at its underground mine near 
Sullivan. The mine and plant, wholly owned 
by St. Joe Minerals Corp., were operated 
throughout 1985. 

In Wyoming, Universal Equipment Co. 
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purchased the Atlantic City iron mine from 
U.S. Steel. The sale included iron ore proc- 
essing facilities, mining equipment, water 
rights, and a 76-mile railroad line from 
the mine to Winton Junction near Rock 
Springs. Universal Equipment will mine 
the site for road construction materials. 
U.S. Steel halted mining operations at At- 
lantic City in October 1983 and officially 
closed the mine on April 1, 1984. 


CONSUMPTION AND USES 


Consumption of iron ore was about 3% 
less than that of 1984, owing to decreased 
demand from the iron and steel industry. 
Consumption for ironmaking and steel- 
making totaled about 63.7 million tons, 
including 54.7 million tons in blast fur- 
naces, 8.3 million tons in sintering plants, 
0.2 million tons each in steelmaking fur- 
naces and for production of direct-reduced 
iron (DRI), and 0.3 million tons for miscella- 
neous and unspecified purposes. Consump- 
tion of iron ore for manufacture of cement, 
heavy-medium materials, pigments, and 
miscellaneous products was approximately 
1.2 million tons. 

In the iron and steel industry, monthly 
consumption of ore averaged 5.3 million 
tons, compared with 5.5 million tons in 
1984. The decrease in consumption occurred 
mainly in the first half of the year. Between 
January 31 and June 30, the number of 
operating blast furnaces actually increased 
from 49 to 53 to meet the traditional season- 
al increase in demand for pig iron. Monthly 
consumption during the 6 months averaged 
5.5 million tons and reached a peak of 6.0 
million tons in May. In June, however, 
demand for ore began to slide. By Septem- 
ber, monthly consumption had fallen to 4.9 


million tons and remained low for the rest 
of the year. Consumption of ore for the 
second half averaged 5.1 million tons, with 
only 43 blast furnaces operating at the end 
of October. During the last 2 months of 
1985, 4 additional blast furnaces were 
brought on-line, bringing the total at year- 
end up to 47. 

Consumption of iron ore and agglomer- 
ates reported by integrated producers of 
iron and steel totaled 69.4 million tons, 
including 50.8 million tons of pellets, 16.5 
million tons of sinter, and 2.1 million tons of 
natural coarse ore. Of the primary ore 
consumed, an estimated 72% was of domes- 
tic origin, 14% came from Canada, and 14% 
came from other countries. 

Estimated consumption of other materi- 
als in sintering plants included 3.0 million 
tons of mill scale, 1.4 million tons of flue 
dust, 3.6 million tons of limestone and 
dolomite, 1.3 million tons of slag and slag 
scrap, and 0.8 million tons of coke breeze. 
Other iron-bearing materials charged di- 
rectly to blast furnaces included about 
14,000 tons of manganiferous iron ore, 1.2 
million tons of steel-furnace slag, 0.3 million 
tons of mill scale, and 1.0 million tons of 
slag scrap. 


STOCKS 


Stocks of iron ore and agglomerates re- 
ported at U.S. mines, docks, and consuming 
plants at yearend continued to decline in 
1985 and were at their lowest level in more 
than 30 years. The decline of 8% in total 
stocks from that of 1984 was due primarily 
to a reduction of stocks of imported ore at 
U.S. docks and furnace yards. Stocks re- 

at these facilities at yearend includ- 
ed 18.5 million tons of domestic ores, 3.0 
million tons of Canadian ores, and 22 


million tons of other foreign ores. Mine 
stocks at yearend were about 13% higher 
than those of 1984, as the quantity of ore 
shipped from most Minnesota mines was 
less than production. 

End-of-month stocks reported at mines 
peaked at 13.4 million tons in April and 
declined to 6.0 million tons at yearend, 
while stocks of ore reported at consuming 
plants ranged from a low of 13.8 million 
tons in March to a high of 21.3 million tons 
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in December. As in previous years, these 
variations were principally caused by the 
seasonal nature of ore shipping on the 
Great Lakes. 

Stocks of unagglomerated concentrates 
reported at pelletizing plants totaled 
331,000 tons at yearend. This material is not 
included in mine stocks of usable ore re- 
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ported in the accompanying tables because 
it is considered an intermediate product. 
Also, mine stock data after 1983 do not 
include byproduct ore, owing to the change 
in classification reported in this publication 
in 1983; data for previous years remain 
unchanged to avoid disclosing company pro- 
prietary information. 


TRANSPORTATION 


Vessel shipments of iron ore from U.S. 
ports on the upper Great Lakes totaled 44.2 
million tons, about 4% less than those of 
1984. Nearly 90% was destined for U.S. 
consumers and the rest was destined for 
Canada. Shipments of iron ore through the 
St. Lawrence Seaway to U.S. ports on the 
Great Lakes totaled approximately 4.8 mil- 
lion tons and accounted for about 3096 of 
U.S. imports. The balance of imports, about 
11.0 million tons, was shipped through ports 
on the east and gulf coasts. 

Ore shipments from four of the seven U.S. 
ports on the upper Great Lakes declined 
from the levels of 1984, with the largest 
decrease at Superior, WI. Shipments from 
Two Harbors, Taconite Harbor, and Mar- 
quette increased. Tonnage shipped from 
each port in 1985 was as follows: 


Total 
Dateof Deter (thou. 
Port first last sand 
shipment shipment long 
tons) 
uth, MW Apr. 2 Dec. 15 6,133 
Two Harbors, MN. Apr. 3 Dec. 21 8,719 
Silver Bay, S Apr. 7 Dec. 14 3,426 
E bor, Apr. 5 Dec. 21 4,972 
Superior, WI Apr. 5 Dec. 22 8,506 
Marquette, MI Apr. 3 Jan. 4 5,071 
Escanaba, MI . 28 Dec. 26 7,385 
Tol Luc sre eek St EE 44,212 


Source: Lake Carriers Association, 1985 Annual Report. 


The number of vessel shipments from all 
seven ports totaled 1,283, indicating an 
average cargo of 34,460 tons. Individual 
cargoes of 60,000 tons or more were loaded 
at six of the ports during the year, although 
the average shipment from individual ports 
ranged from 24,264 tons at Marquette to 
60,107 tons at Silver Bay. Relatively high 
water levels in Lakes Michigan and Superi- 
or permitted record loadings of iron ore at 
Escanaba and Silver Bay. The largest car- 
go shipped during the year was 69,701 tons, 


an all-time high for the Great Lakes, loaded 
on Bethlehem Steel Corp.’s 1,000-foot car- 
rier Lewis Wilson Foy at Escanaba for de- 
livery to Indiana Harbor. A record high 
cargo of 64,188 tons was loaded on Oglebay 
Norton’s Columbia Star at Silver Bay for 
transit through the Soo Locks to Toledo, 
OH. Previous records were about 68,000 
tons at Escanaba and 63,000 tons at Silver 
Bay, both set in 1983. 

Lake freight rates for iron ore, in effect 
since April 1984, were as follows, per ton: 
from the Head of the Lakes to lower lake 
ports, $7.41; from Marquette to lower lake 
ports, $6.11; from Escanaba to Lake Erie 
ports, $5.64; and from Escanaba to lower 
Lake Michigan ports, $4.45. 

Published bulk vessel freight rates from 
the Gulf of St. Lawrence to Lake Erie and 
Lake Michigan were $5.00 and $7.00 per 
ton, respectively. Freight rates for self- 
unloading vessels were $1.50 per ton higher. 
These rates may include toll charges on the 
St. Lawrence Seaway, which amount to 
about $1.24 per ton. 

The collapse of a 150-foot section of the 
west wall of Lock 7 in the Welland Canal 
blocked shipping on the St. Lawrence Sea- 
way between Lakes Erie and Ontario from 
October 14 to November 7. By the time 
repairs were made and the lock was reopen- 
ed, 118 vessels were waiting for transit, 
including 12 carrying iron ore from eastern 
Canada to U.S. lake ports. Although the 
closure did not cause significant shortages 
of iron ore at U.S. blast furnaces, and all 
waiting vessels were locked through by 
November 12, the delay called attention to 
the vulnerability of Seaway shipping to 
damage or obstruction of each of the many 
locks, bridges, or narrow channels that 
control navigation along the 1,340-mile 
route between Duluth and Montreal. 

The principal issues concerning U.S. lake 
Shipping in 1985 were proposed construc- 
tion of a second Poe-class lock at Sault Ste. 
Marie, and proposed taxes (user charges) on 
shippers to recover the costs of operation 


IRON ORE 


and maintenance of shipping facilities and 
most of the costs of new construction, which 
historically have been paid by the Federal 
Government. 

As a result of the construction of 13 self- 
unloaders with a length of at least 1,000 feet 
in the last 14 years, and the retirement of 
smaller vessels, about one-third of the ves- 
sels in the U.S. Great Lakes fleet (compris- 
ing more than one-half of the fleet's carry- 
ing capacity) must use the Poe Lock to 
transit the St. Mary's River Canal. A 
malfunction of this lock could seriously 
disrupt lake shipping and increase costs. 
The cost of converting the aging and narrow 
Sabin and Davis Locks into a new Poe-sized 
lock was estimated to be $227 million. The 
U.S. Army Corps of Engineers, which has 
studied the problem for many years, issued 
a feasibility report on March 29 recom- 
mending construction of a second lock that 
could accommodate all vessel sizes in the 
fleet. 

Although the Lake Carriers’ Association 
advocated construction of the new lock at 
Sault Ste. Marie, it was opposed to the 
imposition of user charges. The Office of 
Management and Budget has proposed that 
the Congress levy both Port User Charges 
and U.S. Coast Guard User Charges. The 
port tax would be used to defray the costs of 
channel dredging and other harbor mainte- 
nance, while the Coast Guard tax would 
help pay for icebreaking, navigational aids, 
and vessel documentation. The proposed 
port tax alone could cost lake shippers more 
than $4 million annually; charges for new 
construction would greatly increase this 
figure. According to the Association, taxes 
of this magnitude would be an unfair bur- 
den on the lake shipping industry. AL 
though the Association remains adamantly 
opposed to the proposed Coast Guard tax, it 
has reluctantly agreed to work with the 
Congress and the Administration to develop 
an equitable port charge in the form of an 
ad valorem tax on cargo that would be 
assessed only once and paid by the shipper. 
Proponents of the user charges feel that 
costs of shipping facilities should be largely 
borne by the shippers instead of by the 
Federal Government. 
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Published railway freight rates for pellets 
from mines to upper lake shipping ports 
increased in Minnesota in 1985 but were 
essentially unchanged in Michigan, com- 
pared with rates in late 1984. On April 1, 
the rate for pellets from the western Mesabi 
Range to the Allouez docks at Superior, WI, 
was raised from $4.87 to $4.96 per ton. On 
June 3, the rate was increased an additional 
$0.03 to $4.99. For pellets from the Mar- 
quette Range of Michigan, the rates to 
Presque Isle and Escanaba were $2.40 and 
$2.68 per ton, respectively. Dock charges at 
Duluth, Superior, and Escanaba ranged 
from 64 to 92 cents per ton. At Lake Erie 
ports, ore transfer charges from rail-of- 
vessel or dock receiving area direct into 
railway cars ranged from about $0.96 to 
$1.15 per ton, up slightly from those of 1984. 
Most rail rates from lower lake ports to 
consuming districts were also unchanged; 
the volume rate from Lake Erie ports to the 
Pittsburgh and Wheeling districts was 
$10.16 per ton. Single-car rates for ore 
imported through east coast ports to inland 
consuming points were mostly unchanged. 
The rate to Pittsburgh from Baltimore and 
Philadelphia remained at $14.93 per ton. 
All-rail rates from mines to consuming 
points rose in several instances. However, 
the volume rates to Granite City, IL, from 
the Mesabi Range and from Pea Ridge, MO, 
were unchanged at $18.82 and $6.41 per ton, 
respectively. The published volume rate to 
Geneva, UT, from the Mesabi Range was 
$41.03 per ton. All-rail shipments of pellets 
from Minnesota by the Duluth, Missabe and 
Iron Range Railway and connecting lines 
totaled 1.5 million tons; the greater part of 
this tonnage was shipped to Geneva, UT, 
from the Minntac plant. 

Published nominal ocean freight rates for 
iron ore from eastern Canada to U.S. east 
coast ports were $3.50 to $3.75 per ton, but 
spot rates quoted for cargoes of 50,000 to 
60,000 tons ranged from $1.85 to $3.80 per 
ton. A few shipments reported from Brazil 
to east coast ports indicated freight rates of 
$4.50 to $5.50 per ton. 


PRICES 


Producers’ published prices for Lake Su- 
perior iron ores in the first 7 months of 1985 
were unchanged from those quoted in Au- 
gust 1983. The pellet prices thus ranged 
from 80.5 cents to 86.9 cents per long ton 


unit (ltu) of iron, natural, delivered rail-of- 
vessel at lower lake ports, with the lower 
price quoted by Pickands Mather & Co. and 
the higher price quoted by CCI, Hanna, 
Oglebay Norton, and U.S. Steel. The range 
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in unit price was equivalent to approxi- 
mately $50.71 to $54.75 per long ton of 
pellets containing 63% iron. 

Late in 1984, Mineral Services Inc. (MSI) 
of Cleveland, OH, began offering pellets ata 
published price of 66 cents per ltu, on the 
same basis as the producers' prices. Al- 
though the source of pellets was not identi- 
fied, the company said that at least 2 
million tons per year would be available. 
This was the first time that a nonproducer 
had publicly quoted a price for Lake Superi- 
or pellets since commercial pellet produc- 
tion began in the district in 1955. The MSI 
price was equivalent to about $41.58 per ton 
of pellets containing 6396 iron. 

On August 1, 1985, Pickands Mather ef- 
fectively lowered its pellet price while 
changing its price base from the traditional 
“lower lake port“ to upper lake port, thus 
transferring charges for lake freight and 
some handling operations to the buyer. The 
new quotation was 59.4 cents per ltu of iron, 
natural, delivered to hold of vessel at upper 
lake port. Although not specified by the 
company, the net reduction in price appear- 
ed to be about 12%, taking into account 
published lake freight rates and unloading 
charges. Inland Steel Mining later adopted 
the new price base and began quoting an 
identical price. 

On August 16, U.S. Steel switched its 
price base from natural ltu to dry ltu. The 
new, effectively lower, price of Minntac 
pellets was 72.5 cents per dry ltu of iron, 
delivered rail-of-vessel at lower lake ports. 
Three weeks later, on September 1, MSI 
lowered its pellet price from 66 cents to 58 
cents per natural ltu of iron, delivered at 
lower lake ports. At yearend, there were at 
least three different published price bases 
being used by Lake Superior producers. The 
range of prices was approximately equiva- 
lent to $37.12 to $55.62 per ton of pellets 
containing 6496 iron, delivered rail-of-vessel 
at lower lake ports. The departures from 
traditional pricing and individual price cuts 
were believed to reflect declining produc- 
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tion costs as well as increasing competition 
between domestic and foreign producers in 
the U.S. market. 

Published prices for other Lake Superior 
ores, per ton, basis 51.5% iron, natural, 
delivered rail-of-vessel at lower lake ports, 
remained as follows: Mesabi non-Bessemer 
ore, $30.03 for coarse ore and $31.53 for 
fines; and manganiferous ore, $32.78. CCI 
continued to quote a price of $28.75 for Old 
Range non-Bessemer ore, based on rail and 
lake freight rates and handling charges 
in effect on April 27, 1981. These prices 
were not very significant because most Me- 
sabi non-Bessemer ore was produced and 
consumed by LTV Steel, and little or none 
of the other grades of ore was produced. 
Pellets made up more than 98% of ore 
shipped from the Lake Superior district. 

Prices for most Canadian and other for- 
eign ores marketed in the United States 
were not available. The published price of 
Wabush pellets, f.o.b. Pointe Noire, Quebec, 
remained at 63.5 cents per ltu. The average 
f.o.b. value of all Canadian ores imported by 
the United States, as determined from data 
compiled by the Bureau of Census, was 
$38.01 per long ton. Data from this source 
indicated average f.o.b. values of $14.05 per 
ton for Liberian ores and $19.42 per ton for 
Brazilian ores. Other sources indicated that 
most imported Canadian ore consisted of 
pellets; Liberian ores consisted of fines and 
washed lumpy ore; and about two-thirds of 
the ore imported from Brazil consisted of 
pellets. F.o.b. value data for Venezuelan 
ores were not determinable, because much 
of the ore was apparently valued on a c.i.f. 
basis. 

Published f.o.b. prices for DRI were also 
unchanged from those quoted in 1984, and 
were as follows, per metric ton: at George- 
town, SC, $125 to $135; at Contrecoeur, 
Quebec, $115; and at Point Lisas, Trinidad, 
$120. The apparent f.o.b. value of some 
shipments of DRI imported from Venezuela 
ranged from about $75 to $102 per long ton. 


FOREIGN TRADE 


U.S. exports of iron ore were only slightly 
higher than those of 1984, because of a 
leveling off of demand from the Canadian 
Steel industry. Virtually all exports consist- 
ed of pellets shipped via the Great Lakes to 
Canadian steel companies that are partners 
in U.S. taconite projects in Minnesota and 
Michigan. Consumption of iron ore at Cana- 


dian blast furnaces totaled 13.3 million 
tons, an amount identical to that of 1984. 
U.S. imports of iron ore decreased 8% in 
1985, partially reversing the 1984 gain of 
30%. Tonnage decreased by 1.4 million tons 
compared with that of 1984. A sharp decline 
of ore imports into the Cleveland and Balti- 
more customs districts accounted for essen- 


IRON ORE 


tially all of the decrease. Imports from 
Canada fell 24% from the 1984 level, but 
still accounted for more than one-half of 
total U.S. imports. Imports from Liberia 
and Venezuela rose 26% and 36%, respec- 
tively, while those from Brazil were un- 
changed. Brazil, the next largest supplier 
after Canada, retained its 16% share of U.S. 
imports. 

On December 20, 1984, Pickands Mather, 
Oglebay Norton, CCI, and the United Steel- 
workers of America petitioned the U.S. 
International Trade Commission (ITC) for 
countervailing duties on imports of iron ore 
pellets from Brazil. The petitioners said 
that subsidies granted by the Brazilian 
Government allow Brazilian pellets to be 
delivered to U.S. consumers for at least 30% 
less than pellets produced in the United 
States, causing injury to the U.S. iron ore 
industry and particularly to U.S. merchant 
producers. Cia. Vale do Rio Doce (CVRD), 
through its U.S. subeidiary, Rio Doce 
America Inc., responded for Brazil. 

U.S. imports of iron ore from Brazil in 
1984 totaled 2.5 million tons, including an 
estimated 1.8 million tons of pellets. The 
pellet imports equaled an estimated 496 of 
U.S. consumption, but the petitioners stated 
that this quantity was equivalent to about 
30% of the amount available for sale by 
U.S. merchant producers. CVRD claimed 
that it did not need subsidies to compete in 
the U.S. market because the high grade of 
its ore allowed pellets to be made in Brazil 
for about $20 per ton less than what it cost 
U.S. producers. CVRD also stated that 75% 
of its 1984 pellet sales in the United States 
were under long-term contracts to US. 
Steel and Armco, and that about one-half of 
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the remainder was sold in areas of the 
United States where U.S. pellets could not 
compete because of high transportation 
costs. Armco is the principal shareholder in 
Eveleth Mines, a Minnesota producer op- 
erated by Oglebay Norton. U.S. Steel oper- 
ates the largest pelletizing facility in 
Minnesota. 

On January 28, 1985, the ITC unanimous- 
ly agreed there was a reasonable indication 
that imports of Brazilian pellets were mate- 
rially injuring U.S. pellet producers. The 
case was referred to the U.S. Department of 
Commerce on February 4 for investigation 
of the alleged subsidies granted to Brazilian 
producers and for recommendation of a 
countervailing duty. On March 19, Com- 
merce recommended that an ad valorem 
duty of 5.15% be imposed on Brazilian 
pellets. This recommendation automatically 
returned the case to the ITC for a final 
decision. However, the countervailing duty 
investigation was suspended on May 29, 
following agreement by CVRD and the Gov- 
ernment of Brazil to eliminate all benefits 
determined by Commerce to constitute sub- 
sidies on exports of pellets to the United 
States. The suspension agreement would 
have eliminated imposition of any counter- 
vailing duty, as well as any further action 
on the matter by Commerce or the ITC. 

The countervailing duty investigation 
was unexpectedly reopened in mid-June at 
the request of CVRD. On December 18, the 
Government of Brazil formally notified 
Commerce of CVRD’s withdrawal from the 
suspension agreement. The trade case was 
still active at the end of 1985. 


WORLD REVIEW 


World production, trade, and consump- 
tion of iron ore increased slightly in 1985, 
compared with the levels of 1984, as output 
of iron and steel stabilized in most indus- 
trialized countries and in many developing 
countries as well after recovering from the 
1982-83 recession. World trade was esti- 
mated at 360 million long tons, of which 
about 85% was oceanborne. Brazil was the 
leading exporter, followed by Australia, 
with each country shipping more than 87 
million tons to world markets. Japan re- 
mained the principal importer, receiving 
123 million tons in 1985, while countries of 
the EC imported about 118 million tons. 

World production of pellets was estimated 
at 195 million tons, about 80% of installed 


capacity. Several pelletizing plants were 
reactivated because of declining fuel costs, 
while most others operated close to rated 
capacity owing to relatively improved de- 
mand from their principal markets. A new 
plant was completed in Bahrain, while oth- 
ers were under construction in India, the 
Republic of South Africa, and Turkey. 
World output of DRI was estimated at 
slightly more than 10.8 million tons, about 
51% of installed capacity, as low prices for 
ferrous scrap continued to limit production. 
About 51% of the total output was produced 
in Mexico, Venezuela, and other countries 
in Latin America. New direct-reduction 
(DR) plants were completed in Iran, Malay- 
sia, the Republic of South Africa, and the 
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U.S.S.R., while others were under construc- 
tion in at least seven countries. 

Most negotiations of 1985 iron ore prices 
under Japanese and Western European con- 
tracts with foreign producers were com- 
pleted by mid-August. Overall, compared 
with 1984 prices, prices for lump ore and 
fines increased 1.5% to 6%, while prices for 
pellets declined slightly. Japanese prices for 
fines from Canada, Chile, and Peru were 
unchanged, while prices for Indian ores 
were increased despite an earlier agree- 
ment to maintain them at 1984 levels. Price 
declines for Peruvian pellets and for South 
African ores destined for Japan ranged 
from 4% to nearly 7%, possibly because of 
the relatively high alkali content of the 
ores. The price increases for lump ore and 
fines, which together made up about 85% of 
Japanese imports, were similar to those 
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negotiated between producers and Western 
European buyers earlier in the year. Nego- 
tiations in both consuming regions were 
protracted, as buyers were determined to 
hold prices down because of the strength of 
the U.S. dollar (in which prices are quoted), 
and producers held out for increased prices 
because of stronger demand, especially for 
lump ore and pellets. On an f.o.b. (shipping 
port) basis, most 1985 prices apparently 
ranged from about $15 to $17.50 per long 
dry ton (ldt) for fines, $16 to $20.50 per ldt 
for lump, and $22.50 to $25.50 per ldt for 
pellets. Delivered prices (at receiving port) 
were about $2 to $9 higher, depending on 
ocean freight costs. The Japanese contract 
prices listed below are f.o.b., in U.S. cents 
per dry ltu of iron unless otherwise indica- 
ted: 


Oret Prices 

ES FY 1984 FY 1985 
n a eee 30.87 31.55 
FFF 26.67 27.05 
H ee eee 23.67 24.0 
FCC 88.30 37.10 
EE 24.27 24.65 
117. E 24.94 25.38 

EE 20.25 20. 

) 31.31 36.25 
FFP 23.31 23.31 
77... ed s 38.80 $1.60 
F 30.06 90.73 
EE 8 25.86 26 23 
%% 22.20 23 30 
)) 30.80 29 50 
EE 127.19 125.86 
CCC 123.89 122 26 


Source: TEX Report (Tokyo), v. 17, Nos. 4009 and 4013, Aug. 2, and 9, 1985. 


Australia.—Shipments of iron ore by Aus- 
tralian producers in 1985 totaled about 94 
million tons, including 87 million tons for 
export and 7 million tons for domestic 
consumption. Actual exports totaled about 
84 million tons, of which 82% was destined 
for Japan and other Asian countries and 
18% was destined for Western Europe. Ex- 
ports consisted of about 58% sinter fines, 
39% lump ore, and 3% pellets. Shipments 
by individual producers follow, in million 
tons: Hamersley Iron Pty. Ltd., 38.6; Mount 


Newman Mining Co. Pty. Ltd., 28.5; Cliffs 
Robe River Iron Associates, 14.9; The Bro- 
ken Hill Pty. Co. Ltd. (BHP), 5.2; Goldswor- 
thy Mining Ltd., 4.5; and Savage River 
Mines Ltd., 2.6. 

In June, Mount Isa Mines Holdings Ltd. 
completed the sale of its 20% interest in 
Goldsworthy Mining to Renison Gold Fields 
Ltd., one of its partners in the venture. As a 
result of this sale, ownership will be shared 
between Renison Gold Fields (58.3%) and 
BHP (41.7%). Goldsworthy Mining operates 
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the Shay Gap and Sunrise Hill iron mines 
in the Pilbara region of Western Australia. 
The company recently installed a_ pilot 
beneficiation plant at its Mount Goldswor- 
thy Mine, where mining was suspended in 
December 1982, to test the feasibility of 
upgrading 100 million tons of marginal 
reserves containing 58.0% to 60.7% iron 
that occur at five deposits in the area. 

In December, BHP Minerals Ltd. ac- 
quired the 25% and 30% interests in the 
Mount Newman Joint Venture held, respec- 
tively, by AMAX Iron Ore Corp. and Pilba- 
ra Iron Ltd. The two acquisitions raised 
BHP's equity in the venture from 30% to 
85%. The joint venture mines the 1.1- 
billion-ton Mount Whaleback ore body and 
the 153-million-ton Marra Mamba No. 29 
ore body in the southeastern corner of 
Western Australia's Hamersley Iron Prov- 
ince. AMAX will no longer act as sales 
agent outside Australia for Mount Newman 
and has agreed to transfer this function to 
BHP as well, effectively withdrawing from 
the world iron ore market. Earlier in the 
year, BHP shut down its mine on Cockatoo 
Island in Yampi Sound, northeast of the 
Pilbara coast. The mine, which shipped 31 
million tons of ore during its 33-year life, 
will continue to ship stockpiled material 
over the next 2 years. 

Bahrain.—The pelletizing plant of Arab 
Iron & Steel Co. (AISCO) shipped about 
700,000 tons of pellets during its first year of 

operation. The Bahraini facility is the 
world's first merchant pelletizing plant to 
be based wholly on imported iron ore. The 
$310 million plant, commissioned in Novem- 
ber 1984, has a production capacity of 4 
million tons of pellets per year and uses a 
grate-kiln pelletizing system fueled by natu- 
ral gas from local oilfields. It is a joint 
venture of Arab organizations and the pub- 
lic sectors of Bahrain, Kuwait, Saudi Ara- 
bia, and the United Arab Emirates, and was 
built to produce pellets for DR plants along 
the Persian Gulf and in Southeast Asia. 
Difficulty in finding buyers for AISCO's 
product has forced management to adopt a 
30-day-up and 30-day-down production 
schedule. Saudi Iron & Steel Co. has re- 
portedly placed an order for 60,000 tons to 
be delivered in 1986 to its DR plant at 
Jubail. However, the ongoing war between 
Iran and Iraq has completely disrupted 
markets in the rest of the region, forcing 
AISCO to seek out customers in the EC, 
Turkey, and northern Africa. 
Brazil.—-Shipments of iron ore for export 
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and domestic consumption rose to record- 
high levels for the second year in a row. 
Exports totaled about 91 million tons, 4% 
more than those of 1984, while net ship 
ments for domestic consumption increased 
more than 55% to 34 million tons. Exports 
included about 45 million tons to Europe 
and 27 million tons to Japan. Total ship- 
ments of pellets were estimated at about 20 
million tons. 

CVRD produced 73.7 million tons of iron 
ore products and exported 50.6 million tons. 
CVRD also exported 18.9 million tons for 
other companies, including about 8.7 mil- 
lion tons of pellets for its joint ventures 
at Tubarão with Japanese, Italian, and 
Spanish companies, 7.4 million tons of ore 
products for Ferteco Mineração S.A., and 
2.8 million tons for S.A. Mineração da 
Trindade (SAMITRD. Most of CVRD's pro- 
duction came from the Caue and Conceição 
Mines near Itabira. Minas da Serra Geral 
S.A., owned 51% by CVRD, sold about 10.3 
million tons of ore from the Capanema 
Mine for beneficiation at the Timbopeba 
plant and shipment to the Tubarao steel- 
works. 

CVRD's huge $5 billion Carajás project in 
the State of Pará was more than 80% 
completed by yearend. The N4E Mine be- 
gan shipping trial amounts of ore in mid- 
year, and was scheduled to reach full pro- 
duction capacity of 35 million tons per year, 
averaging 66.13% iron, in July 1987. About 
12 million tons of overburden already had 
been removed at the N4E project site. The 
$1.3 billion, 550-mile-long railroad between 
the mine and Sao Luis on the coast of 
Maranháo was inaugurated on February 28, 
1985, with the first cargoes of iron and 
manganese ores being transshipped to the 
old port of Itaqui. A total of 539,000 tons of 
iron ore was exported through Itaqui during 
the year. The new marine terminal at 
nearby Ponta da Madeira was almost com- 
pleted and was scheduled to open in Janu- 
ary 1986. The terminal will be able to 
accommodate vessels with a carrying capac- 
ity of 280,000 tons. 

MBR, Brazil's second largest producer, 
shipped 15.1 million tons of ore in 1985, 
including 13.1 million tons for export. Most 
of the ore was produced at the Aguas Claras 
Mine, southeast of Belo Horizonte in the 
Minas Gerais Iron Ore Quadrangle. Em- 
preendimentos Brasileiros de Mineração 
S.A. owns 51% of MBR, while Hanna has an 
indirect interest of 34% through the St. 
John d'el Rey Mining Co. PLC. Another 5% 
is indirectly held by Bethlehem Steel. 
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Ore shipments by other producers, in 
million tons, follow: Ferteco (sales), 8.6; 
SAMITRI, 8.9; Samarco Mineração S.A., 6.7; 
Cia. Siderürgica Nacional, 4.8 (estimated); 
William H. Mueller S.A., 1.1; and Empresa 
de Mineração Esperanca S.A., 0.2. 

Canada.—Shipments of iron ore products 
totaled 40.2 million tons, compared with 
40.7 million tons in 1984. Exports totaled 
about 24.7 million tons, of which 57% was 
destined for EC countries and 29% was 
destined for the United States. Domestic 
consumption was estimated at 14.8 million 
tons. 

Shipments of ore by individual producers, 
in million tons, follow: Iron Ore Co. of 
Canada, 14.9 including 8.3 of pellets, 4.8 of 
concentrates, and 1.8 of direct-shipping ore; 
Quebec Cartier Mining Co., 15.6, including 
8.9 of concentrates and 6.7 of pellets; Pick- 
ands Mather, 6.0 of pellets including 5.5 
from Wabush Mines; Cliffs of Canada Ltd. 
(for Dofasco Inc.), 2.1 of pellets from the 
Adams and Sherman Mines; and Inco Ltd., 
0.09 of pellets from stockpile. The Algoma 
Steel Corp. Ltd. shipped 1.4 million tons of 
superfluxed sinter from Wawa, Ontario, to 
its steelworks at Sault Ste. Marie. Feed to 
the sinter plant included 1.6 million tons of 
siderite ore produced at the MacLeod un- 
derground mine. 

Stelco Inc. took steps to permanently 
close its Griffith Mine and pelletizing plant 
near Red Lake, Ontario. The mine produced 
only 475,000 tons of pellets, 50% of capacity 
in 1985 and is operated for Stelco by Pick- 
ands Mather. 

China.—China was expanding the iron 
and steel complexes at Panzhihua near 
Dukou in Sichuan Province, Maanshan in 
Anhui Province, and Handan in Hebei 
Province as part of its seventh 5-year plan 
(1986-90). Construction of new steelmaking 
facilities and modernization of existing 
plants was in progress at each of three sites 
and was expected to be completed by 1995. 
Panzhihua and Maanshan both have their 
own titaniferous magnetite mines and are 
major producers of vanadiferous slags that 
average 17% vanadium pentoxide. The 
Panzhihua blast furnace operations also 
produce a titaniferous slag containing 12% 
to 14% titanium dioxide. This second type 
of slag is used as feed for the Zunyi titanium 
sponge plant in Guizhou. 

The Panzhihua complex would have an 
annual production capacity of 2.8 million 
tons of pig iron when the new 1,350-cubic- 
meter blast furnace is completed. The pres- 
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ent plant reportedly was producing 1.5 
million tons of pig iron annually with its 
three existing blast furnaces. The project 
would include the construction of a new 
sinter plant, a hot rolling mill, and two 
coke oven batteries. According to Xinhua, 
an official Chinese news agency, the Pan- 
zhihua deposit contains more than 10 bil- 
lion tons of iron ore and accounts for 93% of 
the country’s titanium reserves and 87% of 
its vanadium reserves. An earlier report 
stated that the iron mine had only 1.03 
billion tons of ore grading 33.2% iron, 
11.6% titanium dioxide, and 0.3% vana- 
dium pentoxide. The 10-year expansion pro- 
gram was expected to raise raw steel pro- 
duction capacity from 1.75 million metric 
tons per year to 2.5 million tons per year, 
making Panzhihua the largest iron and 
steel center in southwestern China. 

A new 2,500-cubic-meter blast furnace 
and a new sinter plant would also be in- 
stalled at Maanshan. Existing plans called 
for the 30% to 50% iron ore at Maanshan to 
be blended with Australian ore as feed for 
the new sinter plant. The existing open 
hearth furnaces were to be replaced by 
either oxygen converters or electric arc 
furnaces. One of the first improvements 
would be the construction of a new oxygen 
plant for the steel mill. Maanshan has an 
annual raw steel capacity of 1 million tons 
and employs 60,000 workers. 

Guinea.—A recently completed, $500,000 
study to examine the most economical 
means of developing the Mifergui-Nimba 
Co. iron deposit found that the deposit 
would require a $267 million investment for 
a 10-million-ton-per-year operation. An 11- 
mile rail line would be built to haul the ore 
from its location on the Liberian border to 
the existing railway of the LAMCO Joint 
Venture Operating Co. (LJV) inside Liberia. 
The Guinean ore could then be processed 
along with LJV’s ore and shipped an addi- 
tional 167 miles to the Liberian Port of 
Buchanan for export. The port facilities can 
currently handle vessels with a carrying 
capacity of 80,000 tons. The results of the 
study were being reviewed by both the 
Government of Guinea and the Mifergui- 
Nimba shareholders. The study was funded 
by the International Bank for Reconstruc- 
tion and Development (World Bank) and 
carried out by Granges International Min- 
ing and U.S. Steel. According to the World 
Bank, a follow-on study was being under- 
taken to assess the economic viability of the 
project and the marketability of the ore. 


IRON ORE 


Development of the deposit could extend 

the life of LJV's Nimba Mine by permitting 
the company to mix its diminishing, lower 
grade Liberian ore with the richer Guinean 
ore. Furthermore, Nigeria, an investor in 
Mifergui-Nimba, could benefit from access 
to West African ore that might be more 
economic because of lower ocean shipping 
costs. 
Hungary.—The Ministry of Industry 
announced that the Rudabanya Mine, near 
Miskolc in Borsod-Abauj-Zemplen County, 
would be closed on January 22, 1986. Pro- 
duction at the country’s only active iron 
mine declined from 434,000 tons in 1983 to 
306,000 tons in 1985. The grade of the 
Rudabanya ore traditionally has been low 
and reportedly has fallen to a point where 
beneficiation is no longer economical. The 
mine has been able to satisfy only a minor 
part of Hungarian demand. 

India.—Production, exports, and con- 
sumption of iron ore increased in 1985 
compared with 1984 levels. Exports totaled 
28.4 million tons and domestic consumption 
was estimated at 13.5 million tons. Exports 
included 19.2 million tons to Japan, 2.9 
million tons to the Republic of Korea, and 
2.5 million tons to Romania. Shipments 
from Goa totaled 13.7 million tons, and 
shipments from east coast ports by the 
National Mineral Development Corp. to- 
taled 7.5 million tons. 

The 3-million-ton pelletizing plant of 
Kudremukh Iron Ore Co. Ltd. (KIOC) at the 
Port of Mangalore was completed in June 
and was undergoing testing. The plant will 
receive concentrates through a 42-mile pipe- 
line from the Kudremukh Mines in the 
Western Ghats. Commissioning was delayed 
by a miners' strike that lasted from Septem- 
ber 3 to November 2. The opening ceremony 
has been rescheduled for April 1, 1986. The 
first pellets are to be shipped to Malaysia 
for feed in DR plants. KIOC shipped about 
1.6 million tons of pellet feed in 1985, most 
of which went to Japan. The company has 
signed a contract with AISCO to supply 6.5 
to 8.8 million tons of concentrates to Bah- 
rain between April 1985 and March 1989. 

Minerals and Metals Trading Corp. of 
India was seeking financial assistance for a 
$90 million port expansion and channel 
dredging project at Paradip. The port would 
be able to accommodate ships up to 200,000 
deadweight tons, compared with the exist- 
ing limit of 60,000 tons. The project would 
also increase iron ore handling capacity 
from the present 2 million tons per year to 6 
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million tons per year. 

Japan.—Imports of iron ore decreased to 
122.5 million tons from 123.4 million tons in 
1984. Production of pig iron, in contrast, 
rose slightly from 79.1 to 79.3 million tons. 
The principal suppliers continued to be 
Australia, Brazil, and India. Consumption 
of ore was estimated at 130 million tons. 

Liberia.—Exports of iron ore products 
totaled 16.1 million tons, of which 81% was 
destined for the EC and 13% was destined 
for the United States. Exports included 11.9 
million tons of sinter fines, 3.2 million tons 
of pellets, and 1.0 million tons of lump ore. 
All of the pellets and slightly more than 
one-third of the sinter fines were shipped by 

Shipments by LJV totaled 8.4 million 
tons, about 7% less than in 1984. The 
company planned to resume production 
near Tokadeh and was seeking loans for the 
purchase of mining equipment. The main 
ore body at the Nimba Mine could be 
exhausted as early as 1989. However, the 
western concession areas, which include the 
Tokadeh, Gangra, and Yuelliton ore bodies, 
have a total reserve of 400 million tons of 
crude ore, averaging 50.8% iron. Bethlehem 
Steel sold its 25% interest in LJV to the 
Government of Liberia in January 1984 and 
agreed to purchase 2 million tons of ore 
annually for a period of 3 years. 

The National Iron Ore Co. (NIOC) pro- 
duced only about 211,000 tons of ore prod- 
ucts in 1985. The company has had increas- 
ing difficulty finding buyers for its ore in 
recent years. The financial condition of 
NIOC has continued to deteriorate despite a 
loan from the World Bank. On April 1, 1985, 
NIOC closed its mine near the border with 
Sierra Leone and began winding down oper- 
ations. Only limited amounts of siliceous 
fines have been produced since April. 

Malaysia.—The DR plant of Sabah Gas 
Industries Sdn. Bhd. (SGI) on Labuan Island 
was completed in early 1984, but did not go 
into production until the end of the year 
because of technical problems in the bri- 
quetting plant. Since then, SGI has shipped 
a total of 30,000 tons of hot-briquetted iron 
to 30 Indian minimills for evaluation. The 
SGI operation is somewhat unique because 
it is the first plant to use a modified version 
of the Midrex process that permits the hot 
DRI to be discharged directly into the bri- 
quetting machines. At Trengganu, the new 
DR plant of Perwaja Trengganu Sdn. Bhd. 
reached full-scale production in March. The 
company initially was using Brazilian and 
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Swedish pellets along with high-grade Bra- 
zilian lump ore as feed. Designed production 
capacity of each plant is about 650,000 tons 
of DRI per year. 

Mauritania.—Exports of iron ore totaled 
9.2 million tons, about 2% less than those of 
1984. As in the past 2 years, more than 90% 
of shipments was destined for EC countries. 

The first stage of the Guelbs project was 
inaugurated in July 1984 and scheduled to 
reach a production rate of 6 million tons per 
year by the end of 1987. Mechanical difficul- 
ties with a conveyor belt and other ore 
handling equipment at the mine temporari- 
ly delayed the first shipments. Magnetic 
concentrates were being produced from 
crude ore mined at El Rhein, about 15 miles 
north of the Kedia d'Idjil hematite mines. 
Owing to scarcity of water, the ore was 
being beneficiated in the dry state, using 
semiautogenous mills and low-intensity 
magnetic separators. 

New Zealand.—New Zealand Steel Min- 
ing Ltd. produced 1.9 million dry tons of 
titaniferous magnetite concentrates at its 
beach sand operations on the North Island. 
Shipments of the concentrates, loosely re- 
ferred to as “iron sand,” included exports of 
about 1.8 million tons to Japan and 201,000 
tons to the Woolf Fisher steelworks of the 
parent company in South Auckland. New 
Zealand is currently the sole supplier of 
iron sand to the Japanese steel industry, 
where it is added to the blast furnace feed to 
extend the life of the refractories. Three 
specially equipped Japanese carriers—the 
Taharoa Maru (126,604 deadweight tons), 
the Slurry Express (122,042 deadweight 
tons), and the Taharoa Venture (124,589 
deadweight tons)—haul the iron sand to 
Japan. 

Peru.—Exports of iron ore by Empresa 
Minera del Hierro del Perú in 1985 totaled 
5.2 million dry tons, of which 44% consisted 
of sinter fines, 3796 consisted of pellets, and 
the remainder was pellet feed. About 2.0 
million tons of products was shipped to the 
Republic of Korea, and 1.4 million tons was 
shipped to Japan. All of the material passed 
through the Port of San Nicolás. An addi- 
tional 345,000 tons of mostly pellets went to 
the Chimbote steel mill operated by Empre- 
sa Siderúrgica del Perú. 

South Africa, Republic of.—Production 
and exports of iron declined slightly from 
1984 levels. Production totaled 24.0 million 
tons, compared with 24.3 million tons in 
1984. Exports totaled 10.0 million tons, 
mostly to Japan and the EC. Domestic sales 
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were 10.4 million tons, as production of pig 
iron increased 21% and output of DRI 
jumped to 405,000 tons. All four of the new 
Lurgi DR rotary kilns at the Vander- 
bijlpark steelworks of South African Iron 
and Steel Industrial Corp. Ltd. (Iscor) were 
in operation at the beginning of 1985. The 
units have a total design capacity of 709,000 
tons of DRI. 

Iscor was supplied with 8.4 million tons of 
ore products from the Sishen Mine and 2.3 
million tons from the Thabazimbi Mine. An 
additional 8.71 million tons was exported 
from the Sishen Mine through Saldanha 
Bay. Increased freight charges on the rail- 
way from Sishen to Saldanha Bay, reduced 
ore prices, and nonrenewal of several sales 
contracts in Western Europe had made 
exports of ore products increasingly un- 
profitable. However, the decline of the rand 
against the dollar and the adoption of cer- 
tain rationalization measures by Iscor im- 
proved the company's position. On Septem- 
ber 7, the company exported its 100 mil- 
lionth ton of ore from Saldanha Bay. At the 
Sishen Mine, the South Plant, which ac- 
counts for one-third of the mine's produc- 
tion capacity of 27 million tons per yeer, 
was reopened in the second quarter at a 
reduced rate. At midyear, the North Plant 
was operating at full capacity. The life of 
the Thabazimbi Mine has been extended by 
the discovery of a minable ore body west of 
the Donkerpoort open pit. At Iscor's Preto- 
ria Works, workers began constructing the 
foundations for a 300,000-ton-per-year iron- 
making plant. The new plant will utilize the 
KR—Kohle reduktion (coal reduction)— 
process developed by Korf Engineering 
GmbH in Austria and the Federal Republic 
of Germany. 

Spain.—Production of iron ore products 
in 1985 included a record high 3.7 million 
tons by Cía. Andaluza de Minas S.A. (CAM), 
1.8 million tons by the Agruminsa subsid- 
iary of Altos Hornos de Vizcaya S.A. (AHV); 
and 1.2 million tons by Cía. Minera de 
Sierra Menera S.A. CAM's production, con- 
sisting of sinter fines, came from the Mar- 
quesado Mine at Alquife. Agruminsa's pro- 
duction included siderite concentrates from 
ore mined underground at Bodovalle as well 
as oxide ores from four other locations in 
Spain. In September, Agruminsa closed its 
Gallarta Mine near Bodovalle for at least 6 
months to reduce stocks of sinter feed from 
l.l million tons to 400,000 tons. The Gal- 
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larta ores traditionally have been shipped 
to AHV’s sinter plant at Sestao. However, 
renovation of the No. 2A blast furnace at 
the Sestao steelworks temporarily reduced 
demand for the mine’s product. 

Spanish exports of iron ore totaled 2.0 
million tons, of which CAM shipped 1.8 
million tons from the Port of Almeria; most 
of the remainder was shipped from Sagunto 
by the Sierra Menera company. Imports 
totaled 4.9 million tons, of which 60% came 
from Brazil. 

Sweden.—Production and exports of iron 
ore products increased by 28% and 5%, 
respectively, from 1984 levels. Exports to- 
taled 18.4 million tons including 5.5 million 
tons of pellets. About 3.8 million tons was 
shipped for domestic consumption. Stocks of 
iron ore were reduced by 0.9 million tons, to 
3.6 million tons at yearend. 

Luossavaara-Kiirunavaara AB (LKAB) 
produced 17.6 million tons including 8.6 
million tons of pellets. Of the company’s 
output, 52% was produced at Kiruna, 34% 
was produced at Malmberget, and the rest 
was produced at the Svappavaara pelletiz- 
ing plant, which resumed production in 
November 1984. Shipments totaled 18.6 mil- 
lion tons, mostly for export. LKAB increas- 
ed the capacity of its pelletizing plant at 
Kiruna to 4 million tons per year, and a 
steel-belt pelletizing plant began production 
at Malmberget in late 1985. 

Svenskt Stal AB produced 1.9 million tons 
of concentrates at Grangesberg, including 1 
million tons of granulated sinter feed, and 
produced 500,000 tons of ore products at the 
Dannemora Mine. These production levels 
were almost identical to those of 1984. 
Combined shipments totaled 3.1 million 
tons including 1.9 million tons for export. 

U.S.S.R.—Soviet exports were estimated 
at 45.0 million tons. According to the Asso- 
ciation of Iron Ore Exporting Countries, 
exports in 1984 totaled 45.2 million tons, of 
which 10.5 million tons were pellets and 
34.7 million tons were lump ore and other 
products. The material in the latter catego- 
ry included 10.9 million tons to Poland, 9.4 
million tons to Czechoslovakia, 4.3 million 
tons to Romania, and 3.9 million tons to 
Hungary. 

On June 16, the Soviet Premier and the 
President of Finland formally inaugurated 
the third stage of the Kostamush project 
near Lake Kujto in the Karelia A.S.S.R. The 
mining complex, begun in late 1977, is 
designed to produce 9 million tons of 
nonfluxed pellets per year from 24 million 
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tons of ferruginous quartzite ores. The proj- 
ect began production in 1982 when the first 
of three pelletizing plants, each with a 
capacity of 2.9 million tons per year of 
pellets, was completed. All three plants 
were in operation at mid-1985. The bulk of 
the pellets reportedly were being railed to 
the new, 5,600-cubic-meter blast furnace of 
the Cherepovets Iron and Steel Works, 
while most of the remainder was being 
exported to the Raahe Steel Works of Rau- 
taruukki Oy in Finland. 

The main processing facilities of Kosta- 
mush were designed by the Mekhanobr 
Institute of Leningrad, with supervision 
from the Giproruda Planning Institute of 
the Soviet Ministry of Ferrous Metallurgy. 
Much of the construction and civil engineer- 
ing work was carried out by a consortium of 
15 Finnish companies led by Finn-Stroi Ltd. 
The ore body, which was discovered in 1945, 
contains some 2 billion tons of magnetite 
ore averaging 31% iron. Beneficiation is 
complicated by the presence of 0.1% to 3% 
pyrrhotite and other sulfides in the ore. The 
finished pellets contain 65.6% iron and less 
than 0.05% sulfur.‘ 

In the fall, the second of four Midrex DR 
modules was commissioned at the Stary 
Oskol Iron and Steel Works near Kursk. 
The third module was already under con- 
struction and was expected to be operation- 
al by mid-1987. When completed, the DR 
complex, which is operated by Oskolskiy 
Electro-Metallurgicheskiy Kombinat (OE- 
MK) will have a capacity of 1.7 million tons 
of DRI. OEMK produced 420,000 tons of DRI 
in 1985, primarily with the No. 1 module, 
and now has an existing capacity of 830,000 
tons. OEMK also has its own pelletizing 
plant, which receives concentrates through 
a 16-mile-long slurry pipeline from the Gub- 
kin Mine and beneficiation plant in the 
Kursk Magnetic Anomaly. The Gubkin 
Mine produced 40 million tons of Lake 
Superior-type ore, averaging 33% iron, in 
1984 and has reserves in excess of 35 billion 
tons. 

Venezuela.—Shipments of iron ore prod- 
ucts by the state-owned CVG Ferrominera 
Orinoco C.A. totaled 14.5 million tons and 
included about 8.9 million tons for export. 
Domestic consumption was estimated at 4.8 
million tons. 

Ferrominera began production in Sep- 
tember at its Cerro San Isidro Mine near 
Cerro Bolivar. The new mine is linked by an 
11-mile railway to the main line between 
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Cerro Bolivar and the docks at Puerto 
Ordaz. Ore from the open pit operation, 
which had a capacity of 5 million tons per 
year, was scheduled to replace about 45% of 
the production from the Cerro Bolivar Mine 
in 1986. To accomplish this, San Isidro’s 
output would be raised to 9 million tons per 
year. Shipments for the first year totaled 
about 1.4 million tons. A primary objective 
of the $20 million development was to 
improve the average grade of ore marketed 
by the company, creating savings in benefi- 
ciating costs. San Isidro ore contains about 
0.06% phosphorus, compared with 0.11% at 
Cerro Bolivar, and the iron content of San 
Isidro ore is reportedly higher than that at 
Cerro Bolivar. El Pao, Ferrominera's third 
mine, shipped about 3 million tons in 1985, 
but its reserves could be exhausted as early 
as 1991. 

Production of DRI in 1985 was 2.6 million 
tons, of which about 52% was produced by 
the Midrex process, 3896 was produced by 
the HYL process, and the rest was produced 
by Fior de Venezuela S.A. Under contract 
with Ferrominera, Midrex Corp. was study- 
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ing the feasibility of modifying the high- 
iron briquet (HIB) reduction plant at Puerto 
Ordaz to use the Midrex process. The HIB 
plant, closed since 1982, would primarily 
use screened lump ore from San Isidro as 
feed material. The plant belongs to Miner- 
ales Ordaz C.A., a subsidiary of Ferromin- 
era. 

Yugoslavia.—Rudarsko Metalurski Kom- 
binat Zenica commissioned its $12 million 
Omarska Mine on November 1. The mine, 
near Prijedor in Bosnia-Hercegovina, had 
been under development for 10 years and 
will permit Yugoslavia to reduce drastically 
its dependency on imported ore. In recent 
years, the country has imported from 1.0 to 
1.5 million tons of ore and concentrate per 
year, mainly from Brazil, India, Peru, and 
the U.S.S.R. Omarska has an initial produc- 
tion goal of only 400,000 tons of concen- 
trates per year containing 53% iron, but is 
designed to produce 1.7 million tons per 
year, which will more than compensate for 
the exhaustion of several smaller oper- 
ations. 


TECHNOLOGY 


Intense competition in iron ore and steel 
markets and the need to reduce costs con- 
tinued to stimulate technological improve- 
ments in iron ore production and use. 

In December, Michigan Technological 
University (MTU) received a $5.75 mil- 
lion appropriation from the State of Mich- 
igan for construction of a demonstration 
plant that would test a novel ironmaking 
operation.“ The ironmaking operation 
would integrate two patented technologies. 
The MTU-PELLETECH or cold-bond ag- 
glomeration process first would be used to 
form pellets from a mixture of iron ore 
fines, carbon fines, and burnt lime. The 
carbon-bearing pellets would then be re- 
duced in a hot blast cupola to produce 
molten iron, using a process developed by 
Pellet Technology Corp. (PTC). PTC, a part- 
nership between MTU and a Pennsylvania 
entrepreneur, would be responsible for op- 
erating both the 80,000-ton-per-year demon- 
stration MTU-PELLETECH pelletizing 
plant and the 1-1/2-ton-per-hour PTC hot 
metal pilot plant. Construction of the new 
facility, which would cost $16 to $20 million 
in State and private funds, was scheduled to 
begin in July 1986 at Eagle Mills on the 
Marquette Range. 

The cold-bond agglomeration process has 


been under development at MTU since the 
1960’s. The carbon-bearing pellets made by 
this process can be used either in a blast 
furnace to produce conventional pig iron, or 
in a cupola furnace to produce a variety of 
reduced iron products. The PTC hot metal 
process should cut pellet reduction time and 
furnace fuel costs as well as eliminate the 
enormous costs of building and maintaining 
a blast furnace. Relatively small amounts of 
hot metal could be produced profitably in a 
scaled-down cupola, an impossibility with a 
conventional blast furnace. The pellets can 
be used successfully in the cupola because 
the carbon fines and burnt lime incorpo- 
rated into the pellet accelerate the rate of 
reduction. The carbon fines act as a reduc- 
ing agent, while the burnt lime serves as a 
bonding agent. Hot metal costs are reported 
to be as low as $100 to $110 per ton in the 
PTC process compared with the current 
$160 to $170 per ton for the blast furnace. 
The MTU pellets can also be fed into rotary 
kilns to produce DRI. A large variety of iron 
oxides of varying quality can be utilized for 
pellet feed, including iron ore concentrates, 
steel dust from basic oxygen furnaces, mill 
scale, and blast furnace sludge. Carbon 
sources can include coke breeze, anthracite, 
and coal char. Pellet production costs were 
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expected to be less than those for conven- 
tional processes because the pellets are 
indurated at a lower temperature in less 
time than in existing pelletizing facilities 
(i.e., a PTC autoclave would be operated at 
approximately 390° F compared with 2,400° 
F for a conventional kiln). Because of the 
lower temperature of the autoclaving proc- 
ess, the MTU pellets are in the form of 
magnetite, instead of hematite. This phase 
phenomenon creates a pellet that has more 
iron per unit volume and that requires less 
energy to reduce. 

Oxide Recycle Corp. has been designated 
PTC’s exclusive licensee for the North 
American iron and steel industry. In late 
1985, Oxide Recycle began building a PTC 
hot metal facility in Gary, IN, that would 
produce iron from steel-plant wastes. This 
second facility, scheduled for completion by 
the end of 1987, will have a design capacity 
of 1.5 million tons per year of molten iron. 
Production costs would be partially offset by 
earnings from the waste collection part of 
the operation. Disposal charges for mill 
scale, dust, and slag have been running as 
high as $150 per ton of waste. 

The State of Minnesota, U.S. Steel, and 
Korf Engineering have applied for nearly 
$100 million in Federal grants and loans to 
demonstrate new ironmaking technology 
that could make domestic steel more com- 
petitive with imports. The funds would be 
used to finance a plant in northern Minne- 
sota that would produce 360,000 tons of iron 
per year with less pollution and possibly at 
lower cost than iron produced by the con- 
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ventional coke oven and blast furnace proc- 
ess. The plant would be the first in North 
America to produce iron commercially 
through the method developed by Korf En- 
gineering. The KR process eliminates the 
blast furnace in pig iron production by 
using coal instead of coke, thus avoiding the 
costs and environmental problems of coke 
production. The reactions in the process are 
similar to those in the conventional blast 
furnace, but they take place in two separate 
chambers. One contains a fluidized bed 
where coal is gasified and prereduced iron is 
melted. The second chamber is a vertical 
shaft furnace where ore is reduced by gas 
from the fluidized bed. Korf Engineering, 
U.S. Steel, and the State of Minnesota 
submitted the $94.8 million proposal in 
February to the U.S. Department of Energy. 

Weirton Stee! Corp. has also applied to 
Energy for a $65 million grant to cover 
about one-half the cost of building and 
operating, for 1 year, a similar KR plant. 
Funds for the other half of the project 
would be provided by the State of West 
Virginia and West Virginia coal producers. 


Physical scientist, Division of Ferrous Metals. The 
author was assisted in preparation of this chapter by F. L. 
Klinger. physical scientist, Division of Ferrous Metals 
(retired), and William I. Spinrad, Jr., physical scientist, 
Division of Ferrous Metals (now with the National Park 
Service, Atlanta, GA). 

2Unleas otherwise specified, the unit of weight used in 
this chapter is the long ton of 2.240 pounds. 

Engineering and Mining Journal. Carajas Iron Ore. 
V. 186. No. 1L Nov. 1985, pp. 34-42. 

*Mining Magazine. The Kostomuksha Project. V. 153, 
No. 3, Sept. 1985, pp. 193-197. 

5Skillings’ Mining Review. Pellet Technology Corp. To 
Demonstrate New Ironmaking Process at Eagle Mills, MI. 
V. 75, No. 15, Apr. 12, 1956, pp. 4-6. 
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Table 3.—Crude iron ore' mined in the United States in 1985, 
by district, State, and mining method 


(Thousand long tons and exclusive of ore containing 5% or more manganese) 
Number 
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Under- 
District and State of Open pit ground 
Lake Su d 
Michigan F es UA MM EU 2 $8,656 m 
immer 8. 11 108,394 um 
Total P IA a E E 18 147,060 m 
Other States: 
Missouri EE 1 ex 1,675 
z p ̃ p i eL LE 6 486 Sa 
Total- T Soe ð . 1 438 1,675 
Grand total 5 ⅛ m4 3 20 147,536 1,675 
1 Excludes byproduct ore. 
"Includes California, Colorado, Montana, Nevada, and Texas. 
Data do not add to total shown because of independent 
Table 4.—Usable iron ore produced in the United States in 1985, 
by district, State, and type of product 
(Thousand long tons and exclusive of ore containing 5% or more manganese) 
Direct- 
Concen- 
District and State shipping rates 1 
1 
pact e E S be e ³ðV— es C zm — 12,479 
All“ euim A é . 1,462 30 
z ona eoe te i su tux edu Muta aree eee 1,462 45,927 
Other States: 
J! ee S Ze 56 1,044 
Or oe eo eee ee Sate aped du. 58 206 em 
Toute c ß 58 261 1,044 
Grand total? |... Le 58 1,728 46,970 


Data may not add to totals shown because of independent rounding. 
Includes California, Colorado, Montana, Nevada, and Texas. 


48,751 
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Table 5.—Shipments of usable iron ore! from mines in the United States in 1985 
(Exclusive of ore containing 5% or more manganese) 


Gross weight of ore shipped (thousand long tons) Average 
District and State Direct- Atoni (thousand 
(oke Concen- Agglom- T con 
shipping trates erates quantity (natural) dollars) 
ore percent 
Lake Superior: 
Michigan PFC =e eum 12,629 12,629 64.2 w 
Minnesota... a 1,458 33,519 34,977 63.7 1,480,353 
Total reportable _ _____ _- -- 1,458 46,148 41,606 63.9 1,430,853 
Other States: ee Oe ee CE ME M M 
Missouri _. -.---------- 8 56 1,054 1,110 65.9 w 
G- eR 60 634 () 694 55.1 12,997 
Total reportable _ _ _ ~ - _ - - 60 690 1,054 1,804 61.8 12,997 
Total withheld... ... zi E E» EM Gs 683,381 
Grand total 60 2.148 47,208 49,411 63.8 2,076,730 
Ww Withheld to avoid disclosing company proprietary data; included in Total withheld.” 
Includes byproduct ore 
"Includes California, Colorado, Montana, Nevada, New Mexico, New York, and Texas. 
*Included in concentrates. 


*Data may not add to totals shown because of independent rounding. 


Table 6.—Usable iron ore produced in the U.S. Lake Superior district, by range 
(Thousand long tons and exclusive after 1905 of ore containing 5% or more manganese) 


: Black 
Mar. Menom- : Ver- . ring : 1 
Year quette ingé Gogebic milion Mesabi Cuyuna Vale jx Total 
185419788 478,058 325.267 320,834 103,528 3,182,512 70,336 3,149 7,221 4.495. 401 
1999 ed eo 15,100 2,032 Sen Si §9,320 e Sie 698 77,151 
1980... 14,450 1,970 s am 45,162 EIS Se 699 
C 15.508 75 det on 51,025 ne MT 854 67 
EE 6,874 2t EA 2a ,898 m ge 241 81,013 
18733 339 nS e cu 26,255 M Em Net 504 
1984_---------- 12,982 SE bm ae 36,697 gie mom ees 49,679 
11 su 12,479 Su en dem 84,910 € 2 Ee 988 
Total .......- 564,190 — 329,344 820,334 108,628 3,459,779 70,3886 — 8,149 9,713 4,865,970 


Data may not add to totals shown because of independent rounding. 


Table 7.—A verage analyses of total tonnage’ of all grades of iron ore shipped from 


the U.S. Lake Superior district 
tity Content (percent)* 

Year (thousand . —————————————T——————. ——. j E 

long tons) Iron Phosphorus Silica Manganese Alumina Moisture 

181111 ee eek 64,925 63.13 0.020 5.70 0.17 0.30 2.59 
8 32,173 63.50 .018 5.40 .18 31 260 
1983 eee ee 42,418 63.32 .018 5.35 .12 .29 2.64 
1984 A 48,613 63.48 .018 6.28 .14 32 2.66 
1985... Loo 46,916 63.64 .016 5.17 11 29 263 

‘Railroad weight gross tons. 


Aron and moisture on natural basis; phosphorus, silica, manganese, and alumina on dried basis. 
Source: American Iron Ore Association. 
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Table 8.—U.S. consumption of iron ore and agglomerates in 1985, by State 
(Thousand long tons and exclusive of ore containing 5% or more manganese) 


Iron ore and 
concentrates! Agglomerates" Miscella- Total 
m Blast Steel Blast Steel neous? reportable 
furnaces furnaces 
Alabama, Kentucky, Texas, Utah .... W W 7,606 w w 7,606 
Hlinois, Indiana, Michigan F W W $1,972 W W 81,972 
Maryland and Pennsylvania 995 W 11,885 W W 12.880 
Ohio and West Virginia 1,236 W 15,072 W W 16,308 
Undistributdl ____ 292 11 x 268 1,129 1,808 
c 2,524 119 66,535 5268 1,129 10,575 


W Withheld to avoid disclosing company proprietary data; included with Undistributed.“ 
!Excludes pellets or other agglomerated ucts. 
?Includes approximately 42,878 units of pellets produced at U.S. mines and 7,117 units of foreign pellets and other 
DM iron ore consumed ini production of comment and iron ore shipped for Use in manufacturing pein’ ceria, 
heavy media, cattle feed, refractory and weighting materials, and for use in smelting. 


*Data may not add to totals shown because of independent rounding. 
"Includes an estimated 220 units of ore and agglomerates used for production of direct-reduced fron for steelmaking. 


Table 9.—Iron ore consumed in production of sinter at 
iron and steel plants in the United States in 1985, by State 


(Thousand long tons) 
Iron ore Sinter 
State consumed! produced 
Indiana, Kentucky, Michigan, and Utah `. ------------------------------ 8,779 7,988 
Pennsylvania , e ue Rr RW cu Qo apri e ides S 
Ohio and West Virginiuiu˖iuiuniuiuiuinunninnnꝭnn!!j!!.mds 4 1,859 
Tell. ss sss eee hs a oes iM ee IRL E ee 8,520 16,557 


‘Includes domestic and foreign ores. 


Table 10.—U.S. production of iron ore 


agglomerates,' by type 
(Thousand long tons) 
Type 1984 1985 
Sinter _____________- 316,926 316,557 
Pellets 50,083 46,970 


Total- ae eee 67,009 63,527 


‘Production at mines and consuming plants. 
?Includes 7,983 units of self-fluxing sinter. 
Includes 7,256 units of self-fluxing sinter. 
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Table 11.—U.S. exports of iron ore, by country 
(Thousand long tons and thousand dollars) 


1983 1984 1985 
id Quantity Value Quantity Value Quantity Value 
Canada -_ 8,780 182,490 4,988 238,856 5,083 240,435 
C A (È) 12 (?) 2 E an 
led Soto ee ee OH 16 ed ee 
EE (*) 4 (1) 24 (*) 10 
Netherlands Sé Sg 262 NE im 
Saudi Arabia ($) 84 Sie e om CH 
United Kingdom () 5 (1) 82 ne 
33 (!) 10 ($) 15 ( 22 
(iber... ee 1 118 1 66 () 87 
„% oe ee eres 8,781 182,744 4,993 239,251 5,083 240,557 
Les than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 


Table 12.—U.S. imports for consumption of iron ore, by country 
(Thousand long tons and thousand dollars) 


1983 1984 1985 
"T Quantity Value Quantity Value Quantity Value 
Braaliill!l! 1.276 80,192 538 182 2,540 49,322 
nada 8582 880,472 11.180 anes 8,557 $25,248 
Chile coe ee mmc T La 164 2,320 
Liberia 1.782 31,487 1,745 26,270 90,987 
Peru `... ( 5 176 121 2,722 
ibe 7 ESE E d e 2 1,540 8 salary 2068 giess 
enezuela _.______________ 42,984 1,524 1,377 
Other... 22-22-22 ee 5 102 104 2,078 50 199 
Totál ncc cem 18,246 8446, 781 17,187 629,065 15,771 452,240 
!Less than 1/2 unit. 
udes 000 tons of sponge iron valued at $6,516,000, originally reported as iron ore. 


*Excludes approximate 214,000 long tons of sponge iron valued at $15,685,822, originally reported as iron ore. 
5 Data do not add to shown because of independent rounding. 


Table 13.—U.8. imports for consumption of iron ore, by customs district 
(Thousand long tons and thousand dollars) 


1963 1964 1985 
88 ~ Quantity Value Quantity Value Quantity Valus 
Baltimore 3,062 63,216 4,668 193,448 3,678 71,386 
Buffalo_._______________- "198 - 8902 U Ou 1 5 
Chicago. VF 1 2.514 50,706 2504 58.712 
7 4491 179,771 1850 654 1,646 
Beer: 1 4.400 393 542 19,107 
F 1,169 188 2/168 1 
Nebilisss 625 25,118 1,548 2,000 111.772 
New Orleans -L IILI 2455 12,989 643 12,315 1438 135555 
oa ( 91 3.768 119 4.198 266 5,620 
7 MR 18,246 445,731 17,187 529,065 15,771 452,240 
‘Less than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 
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Iron Oxide Pigments 


By Donald P. Mickelsen! 


U.S. mine production of crude iron oxide 
pigments increased in 1985 while shipments 
declined and total value of shipments re- 
mained practically unchanged. Total do- 
mestic shipments of natural and synthetic 
finished iron oxides decreased and unit 
values increased slightly over those of 1984. 
Synthetic iron oxide comprised 59% of all 
shipments. Reichard-Coulston Inc. filed for 
protection under Chapter 11 of the Federal 
Bankruptcy Code on October 22, 1985, and 
closed its plant at Bethlehem, PA. Chesa- 
peake Specialty Products, a division of 
Bethlehem Steel Corp., began processing an 
iron oxide product in Baltimore, MD. 

Paint and coatings was the largest end 
use for iron oxide pigments, followed, in 
order of ranking, by construction materials; 
colorants for glass and ceramics, plastics, 
paper and textiles, and rubber; foundry 
uses; industrial chemicals; ferrites; and 
other end uses. 

Price increases proposed by several major 
producers had little effect on the market 
because of competitively priced imports 
that influenced continued discounting for 
larger orders. 

The United States imported 34% more 
iron oxide pigments than it exported, partly 


owing to an 8% drop in U.S. exports of 


pigment-grade iron oxides from 1984 levels. 
Increased imports were attributed to a 
strong U.S. dollar compared with foreign 
currencies. U.S. imports of synthetic iron 
oxides showed another strong increase in 
1985 while imports of natural iron oxides 
continued to decline. World mine produc- 
tion of natural iron oxide pigments for 
reporting countries increased compared 
with that of 1984. 

Domestic Data Coverage.—Mine produc- 
tion and sales data for crude iron oxide 
pigments and sales data for finished iron 
oxide pigments and iron oxides from steel 
plant wastes were compiled from voluntary 
responses received from an annual survey 
of U.S. producers conducted by the Bureau 
of Mines. Responses for crude iron oxide 
mine production and sales data were receiv- 
ed from five companies representing 100% 
of all producers that are known to mine 
and/or ship crude iron oxide pigments in 
the United States, as shown in table 1. Of 
the 17 companies canvassed for finished 
iron oxide pigments sales data in 1985, 
100% responded, representing 100% of the 
total production shown in table 2. Of the 
five companies canvassed for sales data for 
iron oxides recovered from steel plant 
wastes, including steel plant dust and re- 


Table 1.—Salient U.S. iron oxide pigments statistics 


1981 1982 1983 1984 1985 
Mine production `... short tons. . 28,731 28,082 26,499 29,307 32.234 
Crude pigments sold or use do 49.732 46.548 41.875 53,017 46,585 
KEE thousands. . $1,743 $2,059 $2,427 $2,819 $2,826 
Finished pigments sold ___ _ __ __ _ short tons. 128,290 104,951 122,461 129,492 126,822 
. ĩ uS thousands. . $95,199 $54,736 $110,662 $122,620 $122,716 
Exports short tons. . 4,967 9,065 12,661 32.428 29,720 
!( ise vac d thousands. _ $11,704 $17,795 $20.692 331.832 327.574 
Imports for consumption _ __ _ ____ short tons. . 39,661 25,855 30,747 38.239 39,799 
Valie oe de SE thousands. _ $18,915 $13,330 $16,684 $21,523 $22,565 
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generator oxide, 100% responded, repre- 
senting 34% of the estimated production 
shown in the text discussion under ‘‘Domes- 
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tic Production." Remaining data were esti- 
mated through analysis of industry trends 
and practices. 


DOMESTIC PRODUCTION 


Mine production of crude iron oxide pig- 
ments increased 10% over 1984 levels while 
shipments decreased 12% and total value of 
shipments remained practically unchanged. 
One company in Georgia mined and shipped 
ocher and umber; magnetite was mined and 
shipped by a company in Missouri; and of 
two companies in Virginia, one mined and 
shipped sienna and umber and the other 
shipped umber. Cleveland-Cliffs Iron Co. 
continued to ship hematite from a stockpile 
at its Mather Mine in northern Michigan, 
which permanently closed in 1979. 

Total domestic shipments of finished iron 
oxide pigments, excluding regenerator ox- 
ide, steel plant dust, and magnetic iron 
oxide, remained virtually unchanged in 
quantity and value when compared with 
that of 1984. Synthetic iron oxides com- 
prised 59% of total shipments, the same as 
that of 1984. Unit values for all categories of 
finished iron oxides, except for the “Other” 
category, increased. Natural iron oxides 
remained practically the same in both 
quantity and value when compared with 
that of 1984. Natural raw umber and red 
iron oxide underwent large and moderate 
increases, respectively, while raw sienna, 
ocher, burnt sienna, and burnt umber 
decreased, the total of which slightly 
outweighed the increases. Of the 13 natural 
iron oxide producers canvassed, 6 reported 
increases in domestic shipments while the 
remaining producers reported decreases. 
Total synthetic iron oxide shipments and 
value remained relatively stable, with in- 


creases in synthetic brown and red oxides 
offsetting decreases in synthetic yellow and 
other iron oxides. Only one of the six 
synthetic iron oxide producers canvassed 
reported increases in shipments. 

Iron oxide for use in magnetic applica- 
tions, not shown in table 2, was produced by 
two domestic companies. Production and 
shipment data are unavailable because of 
their proprietary nature. 

An estimated 38,000 short tons? of steel 
plant byproduct iron oxides, in the form of 
regenerator oxide and steel plant dust, were 
shipped in 1985. Of the five plants can- 
vassed, representing 34% of estimated ship- 
ments with a value of $1.2 million, two 
showed decreases in shipments, two showed 
increases, and one continued to remain 
inactive. The remaining steel plant wastes, 
while unaccounted for, are estimated to be 
used in the manufacture of ferrites accord- 
ing to officials in the industry. 

In October, Reichard-Coulston filed for 
protection under Chapter 11 of the Federal 
Bankruptcy Code and permanently closed 
its Bethlehem, PA, plant. The 131-year-old 
business employed almost 100 workers as 
late as 1984. The plant has since been sold 
to the Pennsylvania Perlite Corp. and will 
be refitted to prepare and package perlite. 
Reasons for the closure were attributed to 
competitively priced imports and a strong 
U.S. dollar. Chesapeake Specialty Products, 
a division of Bethlehem Steel, began proc- 
essing an iron oxide product at their new 
plant in Baltimore, MD. 


Table 2.—Finished iron oxide pigments sold by processors in the United States, by kind 


Kind 


Natural: 


Black: Magnetite `... 


Brown: 
Iron oxide! 


Red: 


Iron oxide? ... ........... PENNE RNC 
Sienna, burn: A El ET 
Yellow: 


See footnotes at end of table. 


1984 1955 

Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands! 
5,389 $871 5,440 $908 
W W Ww Ww 
3,432 2,903 3,135 2.778 
1,559 1,151 1,863 1,340 
24,648 4,353 25,913 4,321 
631 Kal 554 902 
17,272 4,968 14,613 4,494 
280 249 233 225 
53.211 415,063 51,751 14.571 
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Table 2.—Finished iron oxide pigments sold by processors in the United States, by kind | 


— Continued 
1984 1985 
Kind Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 
Synthetic: 

Brown: Iron oxide „„ 16,307 $22,128 18,484 ,566 
Red: Iron oxide_ - - -- ----- --------------—-- 33,435 45,403 33,729 47,045 
Yellow: Iron oxide 21,482 27,431 18,112 24,225 
Other: Specialty oxides? ss 5,057 12,594 4,746 11,309 
— ——— ͤ UV 76,281 107,556 15,071 108,145 

Mixtures of Gees and synthetic iron oxides... W W W 
Grand total _ - - -- ---------------- 129,492 *122,620 126,822 122,716 


W Withheld to avoid disclosing company proprietary data. 
‘These data are included with yellow ocher to avoid disclosing company proprietary data. 
3Includes pyrite cinder. 
Includes yellow and brown iron oxides. 
*Data do not add to total shown because of independent rounding. 
Includes synthetic black iron oxide. 
*Includes mixtures of natural and synthetic iron oxides. 


Table 3.— Producers of iron oxide pigments in the United States in 1985 


Pulaski, VA 24301 


Producer Mailing address Plant location 
Finished pigments: 
American Minerals In Foot of Jefferson St. Camden, NJ. 
Camden, NJ 08101 
BASF Chemicals, Dyestuffs & Pigments 100 Cherry Hill Rd. Wyandotte, MI. 
Group. Parsippany, NJ 07054 
Blue Ridge Talc Co. Ine Box 3 Henry, VA. 
SE VA 24102 
Chemalloy Co. Inke Bryn Mawr, PA. 
Bryn Mawr, PA 19010 
Columbian Chemicals o Parkwood Circle St. Louis, MO, and Monmouth 
Suite 400 Junction, NJ. 
Atlanta, GA 30339 
DCS Color & Supply Co. Ine 2011 South Allis St. Milwaukee, WI. 
Milwaukee, WI 53207 
Foote Mineral Co Route 100 Exton, PA. 
Exton, PA 19341 
Hoover Color Cor Box 218 Hiwassee, VA. 
Hiwassee, VA 24347 
Mobay Chemical Corp... Penn Lincoln Parkway West New Martinsville, WV. 
Pittsburgh, PA 15205 
New Riverside Ochre Co Box 387 Cartersville, GA. 
Cartersville, GA 30120 
Pfizer Pigment Inne 235 East 42d St. ille, CA; East 
New York, NY 10017 uis, el Easton, PA. 
Prince Manufacturing o 100 Lehigh St. Gainey IL, and 
Bowmanstown, PA 18030 wn, PA. 
Reichard-Coulston Ine 1421 Mauch Chunk Rd. Bethlehem, PA 
Bethlehem, PA 18018 
St. Joe Lead Co., Pea Ridge Iron Ore Co 7733 Forsyth Blvd. Sullivan, MO. 
Clayton, MO 63105 
George B. Smith Color Co Route 72, Box 396 Maple Park, IL. 
Kirkland, IL 60146 
Solomon Grind-Chem Services Inc.. _ _ .. Box 1766 Springfield, IL. 
Springfield, IL 62705 
Sterling Inc., Hilton-Davis 2235 Langdon Farm Rd. Cincinnati, OH. 
Chemi iv. Cincinnati, OH 45237 
Crude p pigment 
Cleveland-Cliffs Iron Co., Mather Mine 1460 Union Commerce Bldg. Negaunee, MI. 
and Pioneer Plant (closed J uly 31, Cleveland, OH 44116 
1979; shipping from stockpile). 
Hoover Color eee Box 218 Hiwassee, VA. 
f Hiwassee, VA 24347 
New Riverside Ochre o Box 387 Cartersville, GA. 
Cartersville, GA 30120 
St. Joe Lead Co., Pea Ridge Iron Ore Co 1133 Forsyth Blvd. Sullivan, MO. 
VC Clayton, MO 63105 
Virginia Earth Pigments o Box 1403 Hillsville, VA. 
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CONSUMPTION AND USES 


Consumption data for iron oxide pig- 
ments, shown as percentages by end use of 
reported shipments in table 4, are estimates 
because some producers keep less detailed 
data concerning end-use breakdowns than 
others. 

Paint and coatings, which continued to be 
the largest end use for iron oxide pigments, 
comprised 33% of all shipments and totaled 
42,431 tons in 1985. Consumption decreased 
slightly compared with that of 1984. Prelim- 
inary data developed by the U.S. Depart- 
ment of Commerce? indicate that slightly 
more than 982 million gallons of coatings 
valued at $9.9 billion was shipped, up 7% in 
volume over that of 1984. Architectural 
coatings comprised 49% of total shipments 
and totaled 486 million gallons; product 
coatings-original equipment manufacture 
(OEM) was 320 million gallons, or 33% of 
shipments; and 18%, or 176 million gallons, 
was special-purpose coatings. 

Usage of iron oxide pigments in construc- 
tion materials remained at about the same 
quantity and percentage of total shipments. 
Consumption increased slightly from 1984 
levels, to 36,179 tons, and comprised 28% of 
all iron oxide pigments consumed. 

Twelve percent, or 15,054 tons, of all iron 
oxides was consumed as colorants for plas- 
tics, glass and ceramics, rubber, and paper 
and textiles, by order of ranking, represent- 


ing a small decrease in consumption from 
that of 1984. One published report indicated 
that 4,800 tons of iron oxide was consumed 
in plastics in 1985, virtually the same as 
that of 1984.* Iron oxides, which are the 
second largest inorganic pigments con- 
sumed, are popular because of their low 
cost, coloring effectiveness in thermoplas- 
tics and thermosets, and because of Food 
and Drug Administration acceptance for 
food contact and medical applications. 

The remaining 2796 of reported iron oxide 
pigment consumption, by order of ranking, 
was in the manufacture of animal feed and 
fertilizers, foundry sands, industrial chemi- 
cals, ferrites, cosmetics, jewelers' rouge, and 
other end uses. 

Regenerator oxide and steel plant dust, 
not accounted for in table 4, were used 
mainly in the manufacture of ferrites, with 
lesser amounts used in paint and coatings, 
as colorants for construction materials, and 
in fertilizers and foundry sands. An esti- 
mated 38,000 tons was shipped for consump- 
tion in 1985. Magnetic iron oxides, also not 
included in the table, were mainly used in 
the manufacture of magnetic media such as 
magnetic tapes and floppy disks, magnetic 
toners, and other electronic applications. 
Over 15,000 tons was estimated to be con- 
sumed. 


Table 4.—Estimated iron oxide pigment consumption,' by end use, as a percentage of 


reported shipments 
All Natural Synthetic 
End use iron oxides iron oxides iron oxides 
1984 1985 1984 1985 1984 1985 
Coatings (industrial finishes, trade sales paints, varnishes, 
lacquers) Sien, %ͥ§ͤͤ ³˙ AAA EIL d EE 35 33 25 22 742 41 
Construction materials (cement. mortar, preformed concrete. 
roofing granule ))) 28 30 "28 28 
Colorants for plastics, rubber, paper, textiles, glass, ceramics. _ — 111 12 111 12 111 12 
Industrial chemicals (such as catalyst) 5 5 1 6 1 
Animal feed and fertilizers _____________.____-_ +L r5 6 WE 13 r2 1 
Fung dd 5 6 112 14 Se s 
Other (including ferrites, cosmetics, and jewelers’ rouge) |... 71] 10 d 8 111 11 


"Revised. 
Data do not include magnetic iron oxide usage. 
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PRICES 


One major domestic producer announced 
price increases of approximately 5% for its 
line of synthetic iron oxides, effective Janu- 
ary 1, 1985. This increase was a continua- 
tion of similar increases announced by oth- 
er major producers for December 1984 be- 
cause of increased production costs. Follow- 
ing these announced increases, list prices 
for natural and synthetic grades of iron 
oxide pigments sold by major domestic pro- 
ducers remained unchanged for the rest of 
1985. Competition from low-priced imports 


and a strong U.S. dollar led to price dis- 
counting for larger accounts and in effect 
nullified announced 1985 price increases for 
these orders. In the fourth quarter, prices 
charged for raw sienna by other producers 
and distributors advanced from 36 to 44 
cents to 41 to 53 cents per pound; burnt 
siennas advanced from 45 cents per pound 
to a range of 48 to 54 cents per pound; and 
Vandyke brown increased 3 cents to 45 
cents per pound according to the American 
Paint and Coatings Journal. 


Table 5.— Prices quoted on finished iron oxide 7 „per pound, bulk SET a 


December 31, 1 
Pigment Low High 
Natural... i et oe Oe a Se EE - $0.2700 
Elte eebe EE $0. 7150 
n oso oon o y dd y 8 a .6875 
Ground iron ore ____________________~_______ ee .1300 .1450 
Metallic- — oco fdp EE .1650 .2950 
Pure synthetic — or osc c Seu sou uotis ę³ ß. ce dM Le = .7050 
Sienna, domestic, burnt ____________________ ~____-______ Lee .4800 .5400 
Sienna, domestic, raw. ___________ ~~ d „ .4100 .5300 
Sienna, Italian, burnt_ ~__ 2222222222222 .4500 7300 
Umber, Turkish, BÜFTi EE EE .4350 .5200 
Vandy ! Ere ⁵²⁰¹ ůudũd.. ĩðé k:k ae ie UL. EES .4500 
Domestic rs, natural, mieronieeddldd „ TT .2315 
Pure, i a ae Mo PERRO ER ͥ EE "— .6600 
Ig Set sta cC HER A ⁵ĩͤ d 88 Sé? .2950 
Yellow: 
üõã000ũſã MMC DI cM EE LE E m .6800 
On dee ↄ ⅛ ꝛi ud mL eue ide Eas ae. .2200 


Prices shown represent the best information available but are not to be considered definite according to the source. 


Source: American Paint and Coatings Journal. 


FOREIGN TRADE 


The United States imported 34% more 
iron oxide pigments than it exported in 
1985, with much of the continued trade 
imbalance being caused by a strong U.S. 
dollar compared with foreign currencies. 
Total value of U.S. exports of iron oxide 
pigments was $27.6 million, or $5.0 million 
greater than that of U.S. imports, however. 

U.S. imports of iron oxide pigments for 
consumption increased 4% in quantity and 
5% in value compared with those of 1984, 
and were received from 23 countries. 
Monthly import levels advanced through 
the first two quarters, peaked in June, and 
then retreated through the rest of the year. 
Imports of synthetic iron oxides increased 
10% in quantity and 6% in value and com- 
prised 83% of all imports received, 5% 


more than that for 1984. All grades of 
synthetic iron oxides increased in quantity, 
the most notable occurring in black and 
yellow grades, which increased 19% and 
16%, respectively. The unit value for syn- 
thetic black decreased 5 to 26 cents per 
pound; synthetic red decreased 15 to 25 
cents per pound; and synthetic yellow iron 
oxides decreased 10 to 19 cents per pound. 
Other grades of synthetic iron oxides in- 
creased 18 to 51 cents per pound, however. 
Synthetic iron oxides were received chiefly 
from the Federal Republic of Germany, 
Canada, Japan, Mexico, and the United 
Kingdom, comprising 48%, 25%, 12%, 8%, 
and 3% of total imports, respectively. 
Periodically, iron oxide pigments also en- 
ter the United States under the combined 
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classification, "Iron compounds, other.” In 
1985, iron oxides, including regenerator ox- 
ides, were received from Canada and sever- 
al Western European countries. 

U.S. exports of pigment-grade iron oxides 
and hydroxides decreased 8% in quantity 
and 13% in value compared with those of 
1984. These exports were received by 44 
countries, principally in Europe, Asia, and 
other North American countries. Chief des- 
tinations for iron oxide pigments, by order 
of ranking, were the Federal Republic of 
Germany, Japan, Canada, Belgium-Luxem- 
bourg, and the United Kingdom. Exports to 
the Federal Republic of Germany decreased 
16% from those of 1984 and had an average 
value of 26 cents per pound, the same as 
that of 1984. Exports of other grades of 
iron oxides and hydroxides increased 39% 
in quantity and 4% in value compared with 
those of 1984. Main destinations were Ja- 
pan, Oman, Indonesia, and Singapore. 

U.S. imports of natural iron oxides 
decreased 19% in quantity and 13% in 
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value compared with 1984 levels. The most 
sizable decreases, which were responsible 
for overall decreases in natural imports, 
occurred in crude and finished umbers and 
Vandyke brown, these categories declining 
23%, 18%, and 39%, respectively, from 1984 
levels. Unit values for all grades of natural 
crude iron oxides, finished sienna, and fin- 
ished other natural iron oxide pigments 
increased, while all other grades decreased. 
Cyprus, Spain, the Federal Republic of Ger- 
many, Italy, and the United Kingdom, by 
order of ranking, supplied 95% of all im- 
ports of natural iron oxides. Finished umber 
was primarily received from Cyprus and the 
United Kingdom; sienna, from Cyprus and 
Italy; and Vandyke brown was received 
principally from the Federal Republic of 
Germany. The United States also received 
20 tons of micaceous iron oxide from Aus- 
tria. Minor amounts of natural crude and 
synthetic iron oxides were received and 
stored in bonded warehouses for future 
consumption. 


Table 6.—U.S. exports of iron oxides and hydroxides, by country 


1984 
Pigment grade 
Country qua Value 
ity (thou 
(short ds 
tons) san 
Algeria `... 115 $88 
Argentina 8 26 
Australia 97 148 
Belgium- Luxembourg 250 357 
Brazil ——— et 8 176 657 
Bulgaria (!) 1 
Canada |... 2.22.22 2,521 3,659 
Colombia . 2.22.2. 6 41 
Denmark 17 54 
Dominican Republic (!) 2 
Ecuador 105 
PU tesco See tese ra 22 
El Salvador 19 38 
Finland 23 34 
France 2. --- 535 810 
Germany, Federal Republic of 23,210 12,473 
Hong Kong 325 515 
Indonesia_ _____________ _ ge coe 
Ireland -2-2 -222-2222 51 163 
israel ee Ze 6 8 
ltaly oe n oe 301 1,744 
Jamaica. o ee 4 6 
Japan od ]]... e AL 2,132 8,985 
Korea, Republic ot 259 199 
Libya . aaa SE ER 
Malaysia __-__-._~__ ~~. _ 21 44 
r ³·ꝛꝛA EE 236 369 
Morocc ooo ER Se 
Netherlands 60 200 
New Zealand 8 14 
FCC 2 
Panama 30 38 
Ferre ee ee 22 19 
Philippines 21 18 
Singapore 37 58 


See footnotes at end of table. 


1985 

Other grade Pigment grade Other grade 
qan Value pires Value tit Value 
(short (thou- (sh o (thou- (short (thou- 
tons) ) tons) sands) tons) sands) 
Q0 $2 2 $9 = Ce 
263 598 45 89 186 $532 
113 207 2,126 1,099 319 465 
137 530 91 259 158 542 
21 59 44 98 25 ES 
186 372 2,171 2,983 274 441 
19 30 48 11 17 
2 2 3 11 3 12 
28 25 1 6 23 6 
8 9 15 81 1 9 
33 20 EN CM 20 26 
2 3 30 72 4 9 
un das 24 35 10 14 
135 286 666 1,078 118 230 
64 152 19.587 10,389 16 176 
18 62 358 352 82 304 
EC? TN EES s 616 269 
Së Ee 216 mr cu 
3 6 Ee Sg Ls ee 
1 ic 268 bn 1 11 
1,658 4,833 2,186 2,307 1,752 4.708 
11 36 1 154 117 328 
aa m Se? ies 24 56 
40 88 zm S dá Dd 
188 394 293 437 390 1,027 
n SS ER — — 50 
56 201 115 180 62 159 
11 26 16 88 19 46 
204 164 Ss 82 653 301 
Ge? M 6 6 m ed 
1 1 1 2 SR a" 
3 8 15 11 2 3 
170 565 22 62 430 409 
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Table 6.—U.S. exports of iron oxides and hydroxides, by country —Continued 


1984 1985 
Pigment grade Other grade Pigment grade Other grade 
Country Suam Value Quan- Value Quan- Value Quan- Value 
ity tity tity tity 
(short (thou- (chert (thou- Ghort (thou- hort (thou- 
tone) sands) tons sands) fone) sands) tons) sands) 
South Africa, Republic of 11 $24 ] 7 $15 sl ERS 
pain 2-2 22 222222 12 30 33 12 11 42 C Ste 
Sweden 6 43 4 10 l 2 10 $23 
Switzerland `, 2... 24 84 1 4 20 48 MR NN 
Taiwan... 42 168 21 46 65 177 94 214 
Thailand `. 24 29 2 4 19 15 4 4 
Tunisia `. ums SÉ 58 78 a es t gäe 
Turkey `... a A A 16 160 SÉ? Bee e GE SÉ Kë 
United Arab Emirates 2 TE 10 14 EX ee 38 63 
United Kingdom `... 896 4,920 313 732 1,073 5,424 274 543 
Uruguay -------------—- 10 1] 6 5 6 hu eat 
Venezuelas 158 361 340 1.029 133 292 42 144 
Yemen, Aden =m e M de SE "EM 55 104 
Yemen, Sana A — ER M ee m 20 43 
Vugosla via ier m 48 84 UN Ss mes E 
Other oe eee ee 25 69 10 115 18 78 23 76 
Total? |... 32,428 31,832 4,292 10,909 29,720 27,574 5,953 11,364 
"Revised 


Less than 1/2 unit. 
Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


Table 7.—U.S. imports for consumption of selected iron oxide pigments, by type 


1984 1985 
Pigment Quantity Value Quantity Value Major sources, 1985 
(short tons) (thousands) (shorttons) (thousands) 
Natural: 
Crude: 

Genen 7 831 1 $6 Japan l. 

Sienna 38 22 225 30 Italy 225. 

imber... os am Sat ae 5,963 860 4,564 674 Cyprus 4,526; France 26; 
Canad 11. 

Other 134 142 150 248 Canada 43; Cyprus 40, Pana- 
ma 23; Japan 19; France 
10. 

Total! `. 6,143 1.054 4.940 957 
Finished 

Ocher ~- --------- (3) (3) 25 16 Spain 22; France 3. 

Sienna 122 50 45 19 Cyprus 26; Italy 19. 

Umber. ---------- 438 152 357 121 Cyprus 204; United King- 
dom 105; West Germany 
40; Canada 8. 

Vandyke brown |... 659 244 404 140 West Germany 362; Nether- 
lands 21; Belgium- 
Luxemburg 21. 

Other 862 302 876 313 Spain 734; Netherlands 75; 
Australia 20; Austria 20; 
West Germany 20. 

Total! `. 2,081 748 1,707 608 


See footnotes at end of table. 
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Table 7.—U.S. imports for consumption of selected iron oxide pigments, by type 
— Continued 


1984 1985 


Pigment Quantity Value Quantity Value Major sources, 1985 
(short tons) (thousands) (short tons) (thousands) 


Black: 88 614 $386 733 $386 West Germany 376; United 
Kingdom 162, Nether- 
lands 99; Belgium- 
55 0; Canada 


Red co uc est 5,690 4,634 5,124 2,835 West Germany 2,100; Japan 
1,407; Mexico 808; Canada 
616; United Kingdom 400; 
Brazil 250. 

Yellow ` 12,978 1,525 15,011 5.773 West Germany 11,664; 
Mexico 1,708; Canada 665; 
United Kingdom 279. Bra- 
zil 182; Belgium- 
Luxemburg 180. 

Other 10.733 7.174 11.684 12.005 Canada 6,985; Japan 2,435; 
West Germany 1,724; Ne- 
therlands 317; United 


Kingdom 117. 
Tot! 30.015 19,720 33,151 20,999 
Grand total’ |... 38,239 21,523 39,799 22,565 


1Data may not add to totals shown because of independent rounding. 
3Less than 1/2 unit. 
Includes synthetic brown oxides, transparent oxides, and magnetic and precursor oxides. 


Source: Bureau of the Census. 


Table 8.—U.S. imports for consumption of iron oxide and iron hydroxide pigments, 


by country 
Natural Synthetic 
1984 1985 1984 1985 
Country Rn Value Quan- Value Quan- Value Quan- Value 
ity (thou- uty (thou tity (thou- tty (thou- 
(short (short (short (short 

tons) sands) ia sands) tons) sands) ions sands) 
Australia ES Por 20 $10 CON iur E De? 
Austria. -2.22 222a- 122 $64 20 9 NN dite dt UE 
Belgium- Luxembourg 9 6 21 7 218 $65 303 $102 
r at Et s le S 300 163 432 235 
Canada AAA 12 64 62 28 8,851 2,550 8,292 2,230 
Cyprus 5,772 889 4,796 742 GEN M ët Së 
Denmark A mie ET M xd eed 11 10 
Dominican Republic TN za Wë CH = GES 60 16 
France F 2 27 41 60 2 10 3 16 
Germany, Federal Republic of . 688 269 422 177 13,678 6,936 15,864 7,997 
Ireland ____._________ - 63 9 eae ghee TEM 8 21 14 
BV MR 80 40 245 16 12 SS Rz 
TTT EEN 18 76 28 157 4.146 8,176 3,963 7,826 
Mexico _______________ 68 47 ES 8 1.603 89 2.527 1.350 
Netherlands 52 52 96 79 194 79 489 226 
Norway `- ous Es EM 24 19 AS e 
Portugal `, 117 17 me » S 
Spann — 660 121 756 159 116 22 143 45 
Sweden n ad 6 10 20 378 17 349 
Switzerland ... ....... 1 ot E 12 26 15 11 
United Arab Emirates ic ER die m on zi 20 10 
United Kingdom `... 59 119 111 47 817 482 958 545 
Other. ee en 8 1 1 25 43 18 114 33 17 
Totalt. 2 2 2 222222 8,224 1,802 6,647 1,566 30,015 19.720 33.151 20.999 

"Revised. 


! Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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WORLD REVIEW 


World mine production of natural iron 
oxide pigments for reporting countries in- 
creased 10% compared with that of 1984. In 
addition to these countries, other countries 
undoubtedly produce natural iron oxide 
pigments including, but not limited to, the 
centrally planned economy countries. Natu- 
ral red iron oxide was produced primarily 
by India and Spain; yellow ocher was pro- 
duced principally by France, Spain, the 
Republic of South Africa, and the United 
States; and sienna was mainly produced by 
Cyprus and Italy. Cyprus was the major 
umber producer, Austria was the principal 
micaceous iron oxide producer, and the 
Federal Republic of Germany was the main 
Vandyke brown producer. 

Synthetic iron oxides comprise the largest 
percentage of colored inorganic pigment 
production in the world. Their popularity is 
attributed to performance/price relation- 
ship. Iron oxides exhibit high tinctorial 
strength and hiding power, chemical resist- 
ance, lightfastness, and weatherfastness at 
low pigmentation costs. Synthetic iron ox- 
ides have also made continuous gains in 
total market share over natural iron oxides 
because of product consistency, higher tint- 
ing strengths, and more saturated color 
shades compared with natural grades. Prin- 
cipal world producers of synthetic iron ox- 
ides include the Federal Republic of Ger- 
many, the United States, Japan, Mexico, 
and Brazil. 

Japan.—Titan Kogyo Co. Ltd. of Japan 
developed a heat-resistant yellowish iron 
oxide capable of withstanding heat up to 
300° C. This is 100° C higher than present 
commercially available iron oxides. In addi- 
tion to greater heat resistance, the product 
has excellent weather and chemical resist- 
ance and ultraviolet ray absorption. The 
product consists of 0.08- to 0.8-micrometer 
diameter crystals and is designed for use as 
a colorant for plastics. Titan Kogyo began 
construction of a full-scale commercial 
plant at its Ube plant location. Completion 
was expected by the end of 1985.5 

According to the Japan Inorganic Chemi- 
cal Industry Association, sales of iron oxide 
were forecast to remain stable in 1985, 
totaling 172,800 tons. This follows a 22% 
jump in sales from 1983 to 1984. Magnetic 
material end uses were expected to continue 
to dominate iron oxide sales comprising 
76% of the total or 131,000 tons. The larg- 
est consumer of magnetic materials is the 


electronics industry, which underwent a 
slump in the second quarter of 1985. Little 
growth was expected in 1985 in sales of 
office automation, audio, and visual equip- 
ment, and demand for hard and soft ferrites 
and magnetic material were forecast to 
remain stable. Other major areas for do- 
mestically produced iron oxide and their 
projected end-use sales were paints, roads, 
printing inks, construction materials, syn- 
thetic resin, ceramics, paper and other uses, 
by order of rank. In 1985, 18 companies at 
19 locations manufactured ferric oxide.* 

Published statistics indicate that iron ox- 
ide production for the first 7 months of 1985 
totaled 96,953 tons, 6% greater than that 
for the comparable period in 1984. Monthly 
production capacity for the same period 
increased from 15,808 tons to 18,156 tons, 
causing capacity utilization to decrease 
85.7% to 68.2%. Wholesale prices, f.o.r., 
remained unchanged for ferrite use iron 
oxides and special use iron oxides during 
1985. Prices were $0.83 per kilogram in 
10-metric-ton delivery units and $1.74 per 
kilogram in l-metric-ton shipments, re- 
spectively.’ 

Spain.—The major iron oxide producers 
in Spain are Productos Minerales para la 
Industria S.A. (Promindsa) and Oxidos 
Rojos de Malaga S.A. Promindsa’s product 
line includes natural red iron oxide, natural 
yellow ocher, black magnetic iron oxide, 
and high-purity iron oxide (Ferrox). Hema- 
tite is mined at its underground operation 
in Tierga in northern Spain. Proven re- 
sources have been estimated at 2.2 million 
tons with exploratory work continuing. The 
processing plant at the minesite has an 
annual production capacity of 22,000 tons. 
Recently, as much as 13,000 tons per year of 
micronized red iron oxide has been pro- 
duced at the plant. About 90% of Promind- 
sa's products are exported through the ports 
of Bilboa, Barcelona, and Valencia, by order 
of ranking. 

Oxidos Rojos de Malaga, a wholly owned 
subsidiary of Golden Valley Colours Ltd., 
Bristol, the United Kingdom, produces both 
superfine and micronized grades of natural 
red iron oxide from its mines in Malaga. 
About 6,000 tons were produced in 1984. 

Other iron oxide producers are Sociedad 
Espanola de Óxidos de Pinturas, Ramón 
Alcalde Zorilla, and Óxidos del Sur SL. 
Zorilla has its own mine in Jaén, while the 
others purchase iron oxides for further 
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processing. Oxidos del Sur purchases iron 
oxides from Almeria, Granada, and Jaén, 
and processes the oxides at its plant in 
Almeria, which has a production capacity of 
3,900 tons per year. Up to 1,300 tons of 
granular grey micaceous iron oxide, 900 
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tons of platy brown micaceous iron oxide, 
and 1,700 tons of natural red iron oxide can 
be produced annually. Both wet and dry 
concentration methods are used depending 
on grade and price of material.* 


Table 9.—Natural iron oxide pigments: World mine production, by country’ 


(Short tons) 
Country? 1981 1982 1983 1984P 1985* 
e p 815 1.027 940 882 880 
Australia kk 925 o EN Ls SS 
Austria EENEG 12.478 10,549 12,935 12.700 11.000 
Brazil oco On wc Bee a 88 4,578 5,811 4,211 4,659 5,000 
eem geet a ⁵³ðV Sie 386 "e Es SEN Gu 
Canada EE EE 3,100 3,100 3.100 3,100 2.200 
Chil EE EE EE 5.390 2.695 7,442 17,762 16,500 
Cypris- 2m cac ee 8 22,046 22,046 17,637 14,440 14,300 
ͤÜ˙ꝗ ³Ü¹¾¹ -h km 140 €160 E n E NOT 
France! o cz os les iA ee Ea 16.530 17.600 17,600 16,500 16.500 
Germany, Federal Republic of? |... 24,828 20,491 21.921 22.000 23,000 
( ³⁰²˙i u.. a A ctum laci 87,778 93,464 97.701 118,556 119.000 
Gir ĩðiW³Aſ (yt mcis EL T ee 550 550 660 660 660 
I a EEN 1,000 900 1.000 900 900 
/ 2 uL eure 11,531 T4153 1.187 1,205 1.800 
Paraguay 220 130 200 1275 220 
B rica, Republic of... 1,430 2,355 1,861 1,092 770 
in: 

P cher Zinn Df nd ee 17,110 12,907 10,890 *11,000 11.000 
Red iron oxide 21,600 25,000 22.000 22,000 22.000 
United Stats 28.731 28.082 26,499 29.307 832.234 
Zimbabee!!!k! h! 1.320 1.100 1.100 1.100 1.100 


*Estimated. Preliminary. Revised. 
Table includes data available through Apr. 15, 1986. 


?In addition to the countries listed, a considerable number of others undoubtedly produce iron oxide pigments, but 


output is not reported, and no basis is available for formulating estimates of out 
not limited to) China and the U.S.S.R. Because unreported outa is probab 


provide a world total. 
Includes Vandyke brown. 
“Iranian calendar year (Mar. 21 to Mar. 20), beginning in 
*Reported figure. 


pu levels. Such countries include ibut are 
y substantial, this table is not added to 


the year stated. 


TECHNOLOGY 


A comprehensive study was recently com- 
pleted on magnetic materials by the Nation- 
al Materials Advisory Board of the National 
Research Council in response to a request 
from the U.S. Department of Defense. Mem- 
bers on the committee on magnetic materi- 
als, which conducted the study, represented 
major producers and universities concerned 
with this technological area. The commit- 
tee’s purpose was (1) to access current 
progress in research and development of 
magnetic materials in the United States, (2) 
to identify key problems and factors that 
may limit the use of needed future magnetic 
materials, and (3) to recommend research 
and development areas, including those in 
manufacturing technology, that appear 
most likely to return the highest scientific 
and technological dividends within the dec- 
ade. Among the areas extensively studied 
were hard and soft magnetic materials; 


storage media, including particulate coat- 
ings and thin films, magneto-optic materi- 
als, and magnetic bubbles; magnetostriction 
and magnetoresistance transducers; and 
fine particles for uses other than recording 
such as electrophotography and ferrofluids. 

The report concluded that, despite the 
critical importance of magnetic materials, 
the United States is rapidly losing its com- 
petitive position in major magnetic technol- 
ogies because of the growing reliance by the 
U.S. industry on external sources for mag- 
netic devices. Meanwhile, foreign nations, 
notably Japan, have invested in research 
and development to improve the perform- 
ance of their materials, including perma- 
nent magnets, soft magnetic materials, and 
magnetic recording materials. Recommend- 
ations were that (1) research should be 
increased in support of those magnetic tech- 
nologies with strong growth potential or 
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having strategic value, (2) an effort be made 
to regenerate a strong university-based re- 
search program in magnetism and magnetic 
materials, (3) the relationships between sci- 
entific research in magnetism and magnet- 
ics technology be strengthened, and (4) a 
national resource center for the assimila- 
tion of information on magnetic materials 
should be formed. 

A comprehensive review of printing ink 
was published covering approximately 319 
printing ink formulations, including pig- 
ment content, ink vehicles, varnishes, and 
ink suppliers." 


Mineral Data Specialist, Division of Ferrous Metals. 
Unless otherwise specified, the unit of weight in this 
chapter is the short ton. 
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Bureau of the Census (Dept. of Commerce). Paint, 
Varnish, and Lacquer. R. M28F (monthly), 1985. 

Modern Plastics. Special Report: Chemicals and Addi- 
tives: Colorants. V. 62, No. 9, Sept. 1985, pp. 61-62. 

Japan Chemical Week. Titan Kogyo Plans Mass Pro- 
duction 4 Yellowish Iron Oxide. V. 26, No. 1327, Sept. 5, 
1985, p. 2. 

Roskill Information Services Ltd. (London). Roskill's 
Letter From Japan. Ferric Oxide: Sales to Ferrite and 
Magnetic Tape Sectors Up 31%: Little Growth Anticipated 
for 1985. RLJ No. 114, Oct. 1985, pp. 8-10. 

"Japan Chemical Week (weekly). 

* Where appropriate, values have been converted from 
Japanese yen (Y) to US dollars at a 1985 11-month 
average rate of Y241.78 = US$1.00. 

Industrial Minerals (London). Spain's Industrial Miner- 
als. No. 217, Oct. 1985, pp. 23-63. 

National Materials Advisory Board, Commission on 
Engineering and Technical Systems. Magnetic Materials. 
Natl. Res. Counc., Natl. Mater. Advis. Board, Publ. NMAB- 
426, Natl. Acad. Preas, Washington, DC, 1985, 90 pp. 

H Flick, E. W. Printing Ink Formulations. Noyes Publ., 
1985, 184 pp. 


Iron and Steel 


By Frederick J. Schottman! 


Despite somewhat lower imports, steel 
production and shipments declined, remain- 
ing at relatively low levels. The industry 
operated at less than two-thirds of capabili- 
ty. Low shipments combined with price 
competition resulted in losses for many 
companies. 

A major steel company entered bankrupt- 
cy and was struck by its unionized workers 
when it reduced pay and benefits. Other 
companies entered joint ventures with for- 
eign steel companies. Although some older 
plants were closed, others were modernized 
with continuous casters or other equipment. 
Five new electrolytic galvanizing lines were 


being built. 

Imports declined somewhat because of 
trade restraint agreements with exporting 
countries. New agreements were negotiated 
with additional countries, and coverage of 
restraints was expanded and extended for 
exports from the European Economic Com- 
munity (EEC). 

World production of steel remained well 
below capacity, and the steel industries in 
most industrialized countries reduced ca- 
pacity. Expansion of capacity continued in 
certain countries with low labor cost, partic- 
ularly China and the Republic of Korea. 


Table 1.—Salient iron and steel statistics 
(Thousand short tons unless otherwise specified) 


1981 1982 1983 1984 1985 
United States: 
iron: 
Pauens 73.755 43.342 48.770 51.961 49,963 
Shipment 74,218 43.449 49,081 52.164 50.010 
Annual average composite price, per ton! $204.66 $213.00 $213.00 $213.00 $213.00 
Exports? EE 16 54 6 57 32 
Gare for consumption 468 322 242 702 338 
Steel? 
Production of raw steel: 
Carbon 21272 nece 101,462 64,143 73,183 19,918 16,699 
Stainless `... 1,743 1,235 1,7 1,772 1,683 
All other alloy - - -.--- -- -~ ---- 17,623 9,198 9,082 10,838 9,877 
CCC 120,828 914,511 84,615 92,528 88,259 
Capability utilization __-_—- percent. . 18.3 48.4 56.2 68.4 66.1 
Net shipments of steel mill products `... _ 88,450 61,567 67,584 73,740 73,043 
Finished steel annual average composite 
price ____.___. cents per pound, = 24.224 25.271 26.190 27.313 27.582 
Exports of major iron and steel products? 3,557 2,367 1,589 1,413 1,266 
Imports for ee of major iron and 
steel products? _____-__________. 20,818 17,385 17,964 27,488 25,707 
World: . 
3j ͤ 88 7553, 186 1503. 999 510.211 P546,317 555.222 
Raw ere (ingots and casting) 778,948 £709,668 730,604 P782,008 *788,119 
Estimated. Preliminary. Revised 
"ron Age. 
*Bureau of the Census. 


American Iron and Steel Institute (AISI). 


*Data do not add to total shown because of independent rounding. 
*Raw steel production capability is defined by AISI as the tonnage capability to produce raw steel for a sustained full 


order book. 
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Domestic Data Coverage.—Domestic da- 
ta for the iron and steel industry are devel- 
oped by the Bureau of Mines from the 
annual “Blast Furnace and Steel Furnace 
Report.” Of the 34 steel operations to which 
a survey request was sent, 68% responded, 
representing 71% of the total pig iron 
production shown in table 1. Production for 
nonrespondents was estimated using data 
from prior year reports and from published 
and privately communicated information. 

Legislation and Government Pro- 
grams.—The Environmental Protection 
Agency (EPA) listed coke oven emissions as 
hazardous air pollutants. The classification 
of the emissions as hazardous required 
strict regulation of emissions levels. 
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In another action, EPA proposed an Au- 
gust 8, 1988, deadline for ending land dis- 
posal of electric-furnace dusts that are clas- 
sified as hazardous wastes. Some dusts con- 
tain toxic forms of elements such as lead, 
cadmium, and chromium, which may be 
leached into ground water. Various proc- 
esses to recycle or to make the dusts non- 
hazardous were under study. 

EPA also issued final waste water stand- 
ards for the foundry industry, including 
iron foundries. The regulation specified the 
permitted discharge of certain pollutants 
for 28 processes used in foundries. In most 
cases, the best practicable technology will 
require high-rate recycling of process water 
with treatment of the fraction discharged. 


DOMESTIC PRODUCTION 


Production of raw steel and shipments of 
finished products declined slightly, continu- 
ing at historically low levels. Raw steel 
production remained under 93 million short 
tons for the fourth consecutive year, com- 
pared with an average output of 130 million 
tons per year for the decade prior to 1982. 
As in the other years since 1982, production 
in 1985 reached a peak early in the year and 
then declined. Raw steel production exceed- 
ed 72% of capability in March but dropped 
below 60% in December. The American 
Iron and Steel Institute (AISI) estimated 
that the raw steel capability of the industry 
declined from 135.3 million tons in 1984 to 
133.6 million tons in 1985. 

After a temporary increase in open- 
hearth steel production in 1984, production 
in such furnaces resumed its long-term 
decline in 1985. Basic oxygen furnaces 
(BOF), electric furnaces, and open-hearth 
furnaces produced 58.8%, 33.9%, and 7.3%, 
respectively, of raw steel. Requirements for 
raw steel were reduced by increased im- 
ports of semifinished steel, which was fin- 
ished and shipped by domestic steel compa- 
nies, and by the increased use of continuous 
casting, which increases the ratio of fin- 
ished products to raw steel. The portion of 
raw steel that was continuously cast rose to 
42.3% from 39.6% in 1984. The ratio had 
doubled since 1980. 

Total shipments were little changed from 
those of 1984. Shipments of products such as 
structural shapes and piling used in com- 
mercial construction were higher than 
those of 1984. On the other hand, shipments 
of products for heavy construction, indus- 
trial equipment, and machinery such as 


plates, structural tubing, and bars were 
lower. Shipments of rails and accessories 
dropped 25%. Shipments of oil country 
tubular goods were also lower. The long- 
term decline for shipments of tin mill prod- 
ucts continued. Overall, shipments of sheet 
and strip were little changed, but there was 
a shift from uncoated sheet and strip to 
galvanized. 

Domestic shipments of ferrous castings 
declined 7% compared with those in 1984, 
according to U.S. Department of Commerce 
data. Shipments of ductile and malleable 
iron and castings were little changed, but 
shipments of gray iron castings declined 
about 10%. Domestic gray iron casting pro- 
ducers faced competition from low-priced 
imports of commodity-type castings such as 
manhole covers. Shipments of steel castings 
also declined because of weakness in the 
domestic heavy equipment and machinery 
industries. Shipments included 7.165 mil- 
lion tons of gray iron, 2.583 million tons of 
ductile iron, 0.378 million tons of malleable 
iron, and 0.889 million tons of steel castings. 

Despite cost-cutting efforts, most major 
steel producers continued to be unprofit- 
able. Of the six leading integrated steel 
companies, which produced almost two- 
thirds of domestic steel, only two reported 
profits. Wheeling-Pittsburgh Steel Corp. (W- 
P) suffered losses equal to over 40% of its 
sales because of a strike. On the other hand, 
Weirton Steel Corp. had its second profit- 
able year since becoming an independent, 
employee-owned company. 

Employment in the steel industry contin- 
ued to decline. As reported to AISI, total 
annual average employment declined from 
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236,000 workers in 1984 to 208,000 in 1985. 
The industry employed 151,000 workers on 
wages and 57,000 on salaries. Employment 
had declined by more than one-half since 
1979. AISI reported that average employ- 
ment costs for hourly employees increased 
7% to $22.81 per hour. Part of the increase 
was recovery by workers of part of the 
concessions made in contract talks in 1983. 

Companies reduced salaried employment 
and pay and sought concessions from un- 
ions. In some cases, unusual features such 
as profit sharing or an all-salaried work 
force were introduced in contracts. 

The multicompany committee that for 
almost 30 years had negotiated industry- 
wide, pattern-setting contracts with the 
United Steelworkers of America was dis- 
banded. The committee, which had at one 
time included almost all the major steel 
companies, had been reduced to five mem- 
bers as companies withdrew or were ex- 
pelled for deviation from the pattern con- 
tract. 

W-P, the seventh largest domestic steel 
company, entered chapter 11 bankruptcy. 
Unionized workers began a 98-day strike 
when the company, with bankruptcy court 
approval, revoked its labor contract and set 
reduced pay and benefit levels for its work- 
ers. The strike was finally settled with a 
new contract that reduced employment 
costs by about 16%. The actual loss by the 
workers was considerably less than 16%, 
however, because much of the cost savings 
resulted from the termination of an under- 
funded pension plan. The cost of pensions 
under the plan was thereby shifted to the 
Federal Pension Benefits Guaranty Corpo- 
ration. The union agreed to changes to 
increase productivity that would result in 
the layoff of some workers. W-P later closed 
an inactive seamless tube mill and a hot 
strip mill at Allenport, PA. 

Other companies also restructured and 
closed unneeded or high-cost capacity. In- 
land Steel Co. began to reduce the capacity 
at its Indiana Harbor Works, East Chicago, 
IN, by about 30% by closing the plant’s 
seven open-hearth furnaces. Inland also 
closed two bar mills at Indiana Harbor, 
reducing its involvement in the bar market. 
LTV Steel Co. indefinitely closed all oper- 
ations at its Aliquippa, PA, plant except for 
a structural mill and a tinplate line. Earlier 
in the year, the hot strip mill and seamless 
tube miil at Aliquippa were permanently 
closed. Armco Inc. also closed a tubular 
goods plant at Ambridge, PA. Minimills 
were closed by Soule Steel Corp., Carson, 
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CA; Marathon Steel Corp., Tempe, AZ; Hur- 
ricane Industries Inc., Sealy, TX; Green 
River Steel Corp., Owensboro, KY; and Ken- 
tucky Electric Steel Co., Ashland, KY. East- 
met Corp. ended production of stainless 
steel sheet and strip at its Eastern Stainless 
Steel Co. plant in Baltimore, MD, but con- 
tinued to produce plate. Enduro Stainless 
Inc., a new company that bought a stainless 
steel finishing plant in Massillon, OH, from 
LTV Steel in 1984, went bankrupt and 
closed in 1985. 

The structure of the industry was further 
changed by corporate reorganization and 
sales. LTV Steel reorganized its plants into 
three subsidiaries organized along product 
lines. It then offered the profitable LTV 
Specialty Steel Inc. subsidiary for sale to 
raise cash. At yearend, final arrangements 
were being made to sell LTV Steel’s Gads- 
den, AL, plant as Gulf States Steel Corp. to 
an investment group. LTV Steel had agreed 
in 1984 to divest the plant in order to gain 
antitrust approval of the merger of LTV 
Steel’s steel operations with Republic Steel 
Corp. 

Birmingham Bolt Co. acquired the Missis- 
sippi Steel Div. minimill in Jackson, MS, 
from the Magma Corp. North Star Steel Co. 
bought an 80% interest in the bankrupt 
Ohio River Steel Corp. rolling mill, Calvert 
City, KY, and bought the bankrupt Hunt 
Steel Co. plant in Youngstown, OH. The two 
plants were expected to broaden North 
Star’s product range. The Ohio River Steel 
mill rolled medium structural shapes, and 
Hunt Steel produced seamless casings for 
oil and gas wells. 

Continental Steel Corp. filed for bank- 
ruptcy but continued in operation. Phoenix 
Stee] Corp., which had been in bankruptcy 
since 1983, was bought by a group of inves- 
tors. Armco was selling its aerospace and 
nonsteel materials divisions to improve the 
company’s financial position, and Cyclops 
Corp. was selling its steel divisions. Lone 
Star Steel Co. was spun off to the sharehold- 
ers of its parent company. 

United States Steel Corp. (USS) formed a 
joint venture with Pohang Iron and Steel 
Co. Ltd. (Posco) of the Republic of Korea to 
own and modernize USS's Pittsburg, CA, 
mill. The new company will invest $300 
million over 4 years for new continuous 
pickling, cold rolling, and annealing lines. 
The Pittsburg plant processed hot-rolled 
coil from USS's Geneva, UT, plant but was 
expected to shift to coil from Posco's plants 
when import restrictions expire in 1989. 

The Timken Co. started production at its 
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new $500 million Faircrest plant at Can- 
ton, OH. The plant is designed to produce 
500,000 tons of special-quality steel per 
year. It has a 96-megavolt-ampere, 160-ton 
electric furnace, scrap preheating, and ladle 
refining. Bottom-poured ingots and continu- 
ous rolling are used for high quality. The 
plant was highly automated and used only 
80 production workers per shift. 

Tuscaloosa Steel Corp. completed its new 
$75 million rolling mill in Tuscaloosa, AL. 
The Steckel strip mill had a capacity of 
600,000 tons per year. Initially, the plant 
was expected to roll 250,000 tons of slab per 
year imported from British Steel Corp., 
which was a part owner of Tuscaloosa Steel. 

Two minimills were installing new tech- 
, nology. At its Darlington, SC, plant, Nucor 
Corp. operated a direct-current arc furnace 
and signed a contract to convert another 
furnace to the Consteel continuous steel- 
making process. Nucor also ordered an ex- 
perimental Hazelett thin-slab caster that 
will, if successful, allow Nucor to enter the 
flat-rolled market. Meanwhile, Connecticut 
Steel Corp. was installing equipment for a 
200,000-ton-per-year “micromill” at Wal- 
lingford, CT. The plant, which was expected 
to start up in 1986, was to use a Korf-Stahl 
AG Energy Optimizing Furnace that uses 
coal or other carbon to melt scrap. 

Bethlehem Steel Corp. was installing slab 
casters at Burns Harbor, IN, and Sparrows 
Point, MD, with startup scheduled in 1986. 
USS was installing a 3.3-million-ton-per- 
year caster at Fairfield, AL, for a 1987 
startup. 

The Great Lakes Steel Div. of National 
Steel Corp. planned to build a new two- 
strand slab caster at Ecorse, MI. The compa- 
ny will also install a ladle metallurgy sta- 
tion at the plant as part of a $200 million 
modernization project. When completed in 
1987, the 2.2-million-ton-per-year caster will 
allow Great Lakes Steel to continuously 
cast 100% of its production. Seattle Steel 
Inc. was modernizing its plant, which it 
bought from Bethlehem Steel in 1984, with 
a continuous billet caster and a new rod 
mill to increase total capacity to 540,000 
tons of finished steel per year in 1986. 

Despite the bankruptcy of W-P, Nisshin 
Steel Co. Ltd. and W-P signed an agreement 
to build a sheet coating line at Follansbee, 
WV. The $50 million plant was expected to 
be completed in 1987. Meanwhile, construc- 
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tion continued on five new electrogalvaniz- 
ing lines. These lines, along with the Fol- 
lansbee plant, were planned to provide cor- 
rosion-resistant steel with good surface fin- 
ish to the automobile and appliance indus- 
tries. The new electrogalvanizing lines were 
being built by National Steel at Ecorse, MI, 
with an annual capacity of 400,000 tons; by 
USS and the Rouge Steel Co. subsidiary of 
Ford Motor Co. at Dearborn, MI, with a 
560,000- to 700,000-ton capacity; by LTV 
Steel and Sumitomo Metal Industries Ltd. 
at Cleveland, OH, with a 500,000-ton capaci- 
ty; by Armco at Middletown, OH, with a 
200,000- to 400,000-ton capacity; and by a 
joint venture of Bethlehem Steel, Inland, 
and Pre-Finish Metals Inc. at Walbridge, 
OH, with a 400,000-ton capacity. 

Materials Used in Ironmaking.—Domes- 
tic pellets charged to blast furnaces in 1985 
totaled 48.0 million tons, and sinter charged 
amounted to 18.6 million tons. Pellets and 
other agglomerates from foreign sources 
amounted to 7.9 million tons. A total of 10.9 
million tons of iron ore was consumed by 
agglomerating plants at or near blast fur- 
naces, producing 18.5 million tons of ag- 
glomerates. Other materials consumed by 
agglomerating plants were 2.6 million tons 
of mill scale, 0.9 million tons of flue dust, 0.8 
million tons of coke breeze, and 4.1 million 
tons of fluxes. 

Blast furnace oxygen consumption to- 
taled 18.0 billion cubic feet according to 
AISI. Blast furnaces, through tuyere injec- 
tion, consumed 20.5 billion cubic feet of 
natural gas; 3.2 billion cubic feet of coke 
oven gas; 111 million gallons of oil; and 26.5 
million gallons of tar, pitch, and miscella- 
neous fuels. 

Materials Used in Steelmaking.—Ac- 
cording to AISI, steelmaking furnaces con- 
sumed 4.61 million tons of lime, 0.76 mil- 
lion tons of limestone, 0.40 million tons of 
fluorspar, 0.78 million tons of other fluxes, 
and 126 billion cubic feet of oxygen. Metal- 
liferous materials consumed in domestic 
steel furnaces, per ton of raw steel pro- 
duced, averaged 1,127 pounds of pig iron, 
1,113 pounds of scrap, 25 pounds of ferroal- 
loys, and 6 pounds of ore and agglomerates. 
The comparable figures for 1984 were 1,109 
pounds of pig iron, 1,046 pounds of scrap, 25 
pounds of ferroalloys, and 6 pounds of ore 
and agglomerates. 
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PRICES 


The annual average composite price for 
finished steel in 1985, as reported by Iron 
Age, was 27.582 cents per pound, up only 
slightly from the average for 1984. The Iron 
Age composite remained unchanged from 
July 1984 through 1985. The composite 
price for pig iron remained unchanged since 
1982 at $213 per ton. 

Despite some easing of pressure from 
imports, transaction prices generally declin- 
ed. As major integrated steel producers 
reduced production costs, they were able to 
reduce their sale prices in efforts to main- 
tain or increase their market share. Dis- 
counts of 20% to 30% from list were report- 
ed for various products. 

Increased competition between integrat- 


ed mills and minimills tended to lower 
prices for special-quality bars. Some mini- 
mills were trying to improve their profit- 
ability by beginning to produce these higher 
quality bars with premium prices. Prices of 
other minimill products such as reinforcing 
bar were generally firm to slightly higher 
because of relatively strong construction 
activity. Reported prices for reinforcing bar 
were about 13 cents per pound. 

Late in the year, major producers an- 
nounced lower list prices for many products 
that were intended to bring list prices more 
in line with transaction prices. As an- 
nounced, the lower list prices combined 
with reduced discounting would in effect 
slightly raise actual prices. 


FOREIGN TRADE 


Exports of major iron and steel products 
from the United States declined for the fifth 
consecutive year. Canada was again the 
most important importer of U.S. steel mill 
products, taking over one-third of the total. 
Exports to Mexico increased for the second 
year and were about one-sixth of total 
exports. The high value of the dollar kept 
U.S. steel relatively expensive in most for- 
eign markets. Except for local trade with 
Canada and Mexico, much of the steel 
exported was specialized high-value prod- 
ucts. The average value of steel mill prod- 
ucts exported was $919 per ton compared 
with $394 for comparable products import- 
ed. 

Imports of steel mill products declined, 
partly because of trade restrictions. On the 
other hand, imports of other steel products, 
including fabricated steel, and imports of 
iron products increased. Japan continued to 
be the leading exporter of steel mill prod- 
ucts, shipping 6.0 million tons, which was 
down about 10% from the amount shipped 
in 1984. Canada, the second largest suppli- 
er, exported 2.9 million tons, down from 3.2 
million tons in 1984. Imports from the 
Republic of Korea declined from 2.2 million 
tons in 1984 to 1.9 million tons. Imports 
from the EEC increased from 6.3 million 
tons in 1984 to 7.0 million tons in 1985. 
Among the EEC countries, the Federal Re- 
public of Germany supplied 2.4 million tons; 
France, 1.6 million tons; Belgium-Lux- 
embourg, 1.1 million tons; and Italy, the 
United Kingdom, and the Netherlands, 


about 0.6 million tons each. Imports from 
Spain, which was to join the EEC in 1986, 
declined from 1.4 million tons in 1984 to 0.5 
million tons. Other important suppliers in- 
cluded Brazil, 1.7 million tons; Sweden, 0.7 
million tons; and the Republic of South 
Africa, Venezuela, and Romania, about 0.4 
million tons each. 

Continuing the program begun in 1984, 
steel export restraint agreements were ne- 
gotiated with nine additional countries. By 
yearend, of the countries exporting at least 
200,000 tons of steel in 1985, only Canada, 
Sweden, and Taiwan remained without re- 
straint agreements. The agreements were 
scheduled to limit exports to the United 
States until October 1, 1989. 

The domestic steel industry continued to 
bring trade complaints against countries or 
products not covered by restraint agree- 
ments. Many of these cases were decided in 
favor of the domestic industry and resulted 
either in additional import duties or in the 
negotiation of new restraint agreements. 

Negotiations were conducted with the 
EEC to expand the coverage and extend the 
export restraint agreement that had been in 
force since 1982. Early in the year, after the 
United States had unilaterally imposed a 
quota, a new agreement was reached to 
restrain pipe and tube exports. In the sum- 
mer, another agreement restricted exports 
of most other products not included in the 
1982 agreement. In November, an agree- 
ment was reached to extend the 1982 agree- 
ment and the new pipe and tube agreement 
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until October 1989, when the restraint 
agreements negotiated with other countries 
were to expire. The new agreement was 
expanded to include most steel mill prod- 


ucts other than semifinished steel. When no 
agreement was reached on semifinished 
steel by yearend, the United States unilat- 
erally imposed a quota. 


WORLD REVIEW 


Australia.—The Broken Hill Pty. Co. Ltd. 
(BHP) began construction of a bar mill in 
Brisbane, Queensland. Plans by the Quest 
Corp. Pty. Ltd. for a rival minimill in Bris- 
bane were abandoned when financing could 
not be obtained. 

Austria.—Stahl-und Walzwerk Marien- 
hutte GmbH, at its minimill in Graz, oper- 
ated the first commercial wheel-and-belt ro- 
tary caster in Europe. Only two other Japa- 
nese casters of this type were in operation. 

Brazil.—The coke ovens and billet mill at 
the new integrated Aco Minas Gerais S.A. 
(ACOMINAS) steel mill began production, 
but completion of other parts of the plant 
was delayed by lack of funds. As part of an 
austerity program, the Government of Bra- 
zil restricted the funds available to Si- 
derürgia Brasileira S.A. (SIDERBRAS), the 
state-owned steel group that controls ACO- 
MINAS. The sinter plant, blast furnace, and 
BOF shop were nearly complete. The equip- 
ment for section and rail mills was in stor- 
age at the plantsite, but installation was not 
expected to begin until at least 1987. 

The sale of at least parts of the SIDER- 
BRAS companies to private investors was 
proposed to reduce the public sector debt. 

Cia. Siderürgica Belgo-Mineira S.A., con- 
trolled by Arbed S.A. of Luxembourg, start- 
ed operation of a 1.1-million-ton-per-year 
BOF shop at its João Monlevade, Minas 
Gerais, plant. The shop will replace older 
furnaces as part of a modernization pro- 
gram that also includes a new continuous 
caster. 

Brazilian producers continued to expand 
charcoal pig iron capacity. Four new 65,000- 
ton-per-year blast furnaces were being in- 
stalled in northern Brazil near the new 
Carajas iron mine, and another 65,000-ton- 
per-year furnace was to begin operation in 
Minas Gerais State in the southeast. Most 
charcoal pig iron in Brazil has been pro- 
duced in Minas Gerais, but deforestation 
there was increasing shipping distances 
and driving up prices to producers there. As 
an alternative to pig iron and to scrap, 
which were in short supply, a group of 
privately owned minimills planned building 
a 390,000-ton-per-year gas-fueled, direct- 
reduction plant near a railway that carries 


ore from mines in Minas Gerais. 

Canada.—Stelco Inc. continued a $300 
million modernization program for its Hil- 
ton Works in Hamilton, Ontario. A slab 
caster and a convertible slab-billet caster 
were ordered for an early 1987 startup. 
Other improvements included modifications 
to a BOF, a bar mill, and a heat treating 
furnace. Another billet caster was planned 
for late in the decade. Stelco closed several 
older facilities at other plants for pipe, wire, 
and fastener production that were no longer 
competitive. Sydney Steel Corp., Sydney, 
Nova Scotia, received $110 million from the 
Federal and Provincial governments to 
modernize its steel mill. An electric fur- 
nace, which will use pig iron from the blast 
furnace as well as scrap, will replace the 
existing open hearths, and a ladle refining 
unit will upgrade quality. Although the 
changes will reduce the plant’s raw steel 
capacity of 1.1 million tons by about 50%, 
the remaining capacity would be sufficient 
for expected markets. 

QIT-Fer et Titane Inc. was constructing a 
new steel shop at its Sorel, Quebec, ilmenite 
smelter. The $70 million project includes a 
BOF, a ladle refining unit, and a four- 
strand billet caster. The plant will produce 
steel from pig iron that is produced as a 
byproduct of titanium slag production. Up 
to 225,000 tons of billets per year will be 
sold under a 6-year contract to Ivaco Inc. for 
production of wire rod, and other billets will 
also be marketed. The plant will also supply 
liquid steel to a 41,000-ton-per-year steel 
powder plant being built by Quebec Metal 
Powders Ltd. (QMP). QMP has an existing 
plant to produce up to 56,000 tons of iron 
powder per year from QIT-Fer pig iron. QIT- 
Fer and QMP are both owned by Standard 
Oil Co. (Ohio). 

Although Canada, unlike other major 
steel exporters to the United States, did not 
have a forma! steel export restraint agree- 
ment with the United States, consultations 
took place between the two countries. At 
the request of the Canadian steel pipe 
producers, the Government imposed coun- 
try-of-origin marking requirements on im- 
ported pipe. The producers feared that pipe 
from third countries would be reexported to 
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the United States and counted as Canadian, 
further increasing pressure for trade re- 
straints. Late in the year, the Government 
made a preliminary finding that certain oil 
well casings from the United States and 
from other countries were being dumped in 
Canada. 

China.—China continued to expand its 
iron and steel capacity. The first stage of 
the new steel mill at Baoshan began produc- 
tion with a capacity of 3.3 million tons of 
raw steel per year. Plans for a third stage 
were officially approved. Construction start- 
ing in 1991 was to raise capacity to 11 mil- 
lion tons per year. 

Other plants were being expanded. Sec- 
ond-stage construction of the Panzhihua 
plant would add a new blast furnace and 
raise steel capacity by 40% to 2.7 million 
tons per year. Expansion at Maanshan 
would triple capacity to 3 million tons per 
year. A new blast furnace, new BOF's, and a 
new plate mill were being added. Older 
open-hearth furnaces were to be phased out 
as the BOF's became operational. Raw steel 
capacity at Handan was to be raised from 
1.1 to 1.5 million tons per year. 

China was attempting to minimize the 
cost of its expansion program by buying 
used equipment. Two rebuilt electric fur- 
naces and a rod mill were bought from U.S. 
companies. 

Egypt.—Alexandria National Steel Co.'s 
new El Dikheila plant on the outskirts 
of Alexandria was nearing completion for 
a 1986 startup. The plant will have an 
800,000-ton-per-year Midrex direct-reduc- 
tion unit, a 900,000-ton-per-year melt shop, 
and bar and rod mills. 

European Economic Community.—The 
EEC countries agreed to extend their sys- 
tem of steel market controls for up to.3 
years after their original expiration at the 
end of 1985. The 3-year period was to be 
used to phase out the controls gradually to 
avoid the disruption of a sudden return to a 
free market. The controls included produc- 
tion quotas, minimum prices, and import 
restraints. The EEC reaffirmed that invest- 
ment and operating subsidies by govern- 
ments would not be permitted after the end 
of 1985, although aid for research, pollution 
control, and plant closings would be allowed 
in some circumstances. 

The EEC continued to restrict imports of 
Steel, using quotas and bilateral agreements 
with exporting countries. In general, the 
new agreements negotiated in 1985 would 
allow about 3% more steel to be exported in 
1986. Special agreements were negotiated 
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with Spain and Portugal, which were to join 
the EEC in 1986. Exports from Spain and 
Portugal to other EEC countries were to be 
restricted during a transition period during 
which those countries were to be allowed to 
subsidize the restructuring of their steel 
industries. 

Finland.—Outokumpu Oy planned to in- 
stall a $100 million hot strip mill at its 
stainless steel plant in Tornio. Production 
of stainless steel began in 1976, but slabs 
were shipped to other companies for hot 
rolling. The mill was expected to operate in 
late 1987. 

France.—The two major state-owned 
Steel companies, Union Sidérurgique du 
Nord et de l'Est de la France S.A. (Usinor) 
and Société Aciéries et Laminoirs de Lor- 
raine (Sacilor) continued to restructure. 
The companies were evolving into holding 
companies as they set up their operating 
parts as subsidiaries. The Government of 
France provided over $2 billion in assist- 
ance to strengthen the companies financial- 
ly before the EEC deadline for such aid. 
Ownership of two jointly owned subsidiaries 
of Usinor and Sacilor was shifted entirely to 
Sacilor as part of the arrangement dividing 
state aid between the two companies. The 
two subsidiaries, Ascométal and Unimétal, 
had been set up in 1984 by merging parta of 
the bar, rod, and wire operation of Usinor 
and Sacilor. 

Germany, Federal Republic of.—A pro- 
posed merger between Krupp-Stahl AG and 
Klóckner Werk AG was called off, reported- 
ly because the companies and the Federal 
Government could not agree on the amount 
of financial aid the merged company would 
receive to cover the cost of plant closings 
and layoffs. Regional governments report- 
edly opposed the merger because of job 
losses. After the breakdown of merger talks, 
Krupp-Stahl and Klóckner planned their 
own rationalization programs. Krupp-Stahl 
planned to reduce its employment by 2,000 
from 28,000 by the end of 1987. 

The Saarland regional government was 
trying to work out a plan to keep Arbed 
Saarstahl GmbH out of bankruptcy. The 
plan would transfer controlling ownership 
of Arbed Saarstahl from Arbed SA of Lux- 
embourg to a trust with a Saar bank. Arbed 
Saarstahl would be managed by AG der 
Dillenger Huttwerke, another Saar steel- 
maker. 

India.—The Steel Authority of India Ltd. 
continued its expansion and modernization 
programs. Major expansions at Bhilai and 
Bokaro were to raise capacity at each plant 
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to 4.4 million tons of raw steel per year. 
Other mills were being modernized. 

Work on the new steel mill at Vishakha- 
patnam, the Government’s other major 
steel project, was proceeding but was slowed 
by lack of funds. Alternative scaled-down 
plans were proposed for possible new inte- 
grated plants at Vijayanagar and Daitari. 

A 170,000-ton-per-year S / RN direct- 
reduction plant was ordered by Bihar 
Sponge Iron for installation at Chandil, 
Bihar. The plant was intended to supply 
iron to existing minimills in the region. 

Ireland.—Union workers at the Irish 
Steel Ltd. minimill accepted a wage freeze 
and a reduction in employment in order to 
keep Ireland's only steel mill open. AL 
though the EEC had approved financial aid, 
the Irish Government refused to provide 
assistance unless labor costs were reduced. 

Italy.—Production of iron and steel was 
restarted at the Cornigliano works, near 
Genoa, of Ste. Finanziaria Siderurgica p.A. 
(Finsider) to produce billets for Finsider 
plants and for private steelmakers. Cornig- 
liano had been shut down when its produc- 
tion quota for sheet had been used to reopen 
the Bagnoli plant in 1984. Higher costs for 
electricity and scrap made billets from 
Cornigliano attractive as a substitute for 
Steel made in electric-furnace plants. Pri- 
vately owned Acciaierie e Ferriere Lom- 
barde Falck S.p.A. offered to close its hot 
strip mill near Milan and to transfer its 
production quota to Bagnoli in exchange for 
a Finsider plate plant and financial assist- 
ance from the Italian Government. Similar- 
ly, minimills received assistance in clos- 
ing excess uneconomical electric furnace 
capacity. 

Japan.—The Japanese steel industry 
planned slightly lower capital spending in 
fiscal 1985, the third consecutive drop. Most 
spending was intended to improve quality 
or productivity. Major steel companies were 
diversifying into nonsteel areas because of 
increasing difficulty competing in interna- 
tional markets. Nippon Steel Corp. the 
largest steel company in Japan, proceeded 
with its planned capacity reduction. Nine 
inactive blast furnaces were to be scrapped. 
Sumitomo Metal Industries Ltd. planned a 
3-year program that was to reduce employ- 
ment by 14%. Tokyo Steel Manufacturing 
Co. Ltd., the largest nonintegrated steel 
company in Japan, closed its Senju plant in 
Tokyo because of inadequate sales in export 
markets. 

Korea, Republic of.—Construction of 
ironmaking and steelmaking facilities be- 
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gan on the new Kwangyang integrated steel 
mill of Posco. The first stage, with a capaci- 
ty of 3 million tons of raw steel per year, 
was scheduled to be completed in June 1987, 
and a second stage, by the end of 1988. The 
plant is designed for eventual expansion to 
13 million tons of capacity per year. Posco 
was also adding a second cold-rolling mill, 
with a capacity of 1 million tons per year, 
and a third continuous caster at its Pohang 
plant. 

Libya.—Construction continued on the 
1.2-million-ton-per-year Misratah plant, 
with startup expected in 1986. The plant 
will use natural-gas-based direct reduction 
to provide iron for electric-furnace steel- 
making. 

Malaysia.—A 660,000-ton-per-year direct- 
reduction plant began operation at the new 
Perwaya Terengganu Sdn. Bhd. steelworks, 
a joint venture firm of Heavy Industries 
Corp. of Malaysia Bhd. The plant is the first 
commercial user of direct-reduction tech- 
nology developed by Nippon Steel. The 
steelworks had three 80-ton electric fur- 
naces and ordered a 280,000-ton-per-year 
section mill. 

Mexico.—Raw steel production declined 
3% because of continued weakness of the 
domestic economy and a 54% drop in ex- 
ports. Most of the decline in exports was 
because of the restraint agreement limiting 
exports to the United States. 

Construction of the second stage of the 
Siderürgica Lázaro Cárdenas-Las Truchas 
S.A. (SICARTSA) works at Las Truchas, 
Michoacán, was slowed because of Federal 
Government budget reductions. The works, 
which were to begin some operations in late 
1985, included a 2.2-million-ton-per-year 
HYL III direct-reduction plant, four 220-ton 
electric furnaces, three two-strand slab cast- 
ers, and a plate mill. 

Tubos de Acero de México S.A. (TAMSA) 
was building a 660,000-ton-per-year electric- 
furnace melt shop to supply its seamless 
tube mill. It also planned to double its 
direct-reduced iron capacity to 770,000 tons 
per year in order to reduce its need for 
scrap. Another company, Productora Mexi- 
cana de Tuberia, began production of large- 
diameter linepipe at its new mill at Lázaro 
Cárdenas. The 330,000-ton-per-year plant 
was planned to use plate from the new 
SICARTSA plate mill. The company is own- 
ed by Siderürgica Mexicana S.A. (SIDER- 
MEX), which is the Government's steel 
industry holding company, by the Mexican 
development bank, and by a consortium of 
Japanese companies. 
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New Zealand.—New Zealand Steel Ltd. 
expected to complete the expansion of its 
raw steel capacity from 160,000 to 800,000 
tons per year. The company was also adding 
new rolling mills for plate and sheet, which 
were scheduled to start up in 1986. 

Norway.—The Christiania Spigerverk 
steel mill of Elkem A/S was merged with 
state-owned A/S Norsk Jernverk (NJ). In 
return, Elkem received a payment plus a 
20% interest in NJ. 

A rotary kiln direct-reduction plant was 
being installed at the K/S Ilmenittsmelt- 
everket A/S plant to produce iron from 
ilmenite ore. 

Portugal.—State-owned Siderurgia Na- 
cional EP received approval to modernize 
its Seixal works near Lisbon. A new six- 
strand continuous caster was to be in- 
stalled, and the BOF and a rolling mill were 
to be upgraded. The caster is part of the 
equipment ordered, and then put in storage, 
for a large-scale expansion plan that was 
canceled in 1982 because of the steel market 
downturn. Portugal was trying to modern- 
ize its industry before Government subsi- 
dies are forbidden after Portugal joins the 
EEC. 

South Africa, Republic of.—South Afri- 
can Iron and Steel Industrial Corp. Ltd. 
(Iscor) ordered a KR process ironmaking 
plant for its Pretoria works. The 330,000- 
ton-per-year plant would be the first com- 
mercial application of the new technology 
to produce molten pig iron using noncoking 
coal. Because the Republic of South Africa 
lacks sufficient high-grade coking coals, Is- 
cor was shutting down blast furnaces and 
replacing their output with direct-reduced 
and KR iron. In other modernization, Iscor 
commissioned two 140-ton electric furnaces 
at Pretoria. The furnaces were bought sec- 
ondhand from British Steel. 

Spain.—Restructuring of the Spanish 
steel industry continued as Spain prepared 
to join the EEC. Altos Hornos de Vizcaya 
SA started up a new meltshop with three 
110-ton BOF's and two of three continuous 
casters being built at the Sestao works near 
Bilbao. Spain's largest steel company, 
Empresa Nacional Siderürgica S.A. (EN- 
SIDESA), was modernizing its Avilés plant 
with a new 2.8-million-ton-per-year, two- 
vessel BOF shop. The new shop will replace 
two older shops. Two continuous casters 
were also being installed, and the hot strip 
mill was being modernized. Siderürgica del 
Mediterráneo, a newly created subsidiary of 
ENSIDESA, took over the cold-rolling mill 
and a new electrogalvanizing line being 
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built at the Sagunto works of Altos Hornos 
del Mediterráneo S.A. (AHM). The blast 
furnaces and BOF's at AHM were closed 
down. Olarra S.A., a specialty steelmaker, 
started operating a new 30-ton electric fur- 
nace, replacing three smaller units, and a 
new rolling mill. It also began installation 
of a horizontal continuous caster. 

Spanish steel producers were modern- 
izing to reduce costs in preparation for 
Spain's entry into the EEC. During the 3- 
year transition period beginning in 1986, 
Spain's exports to other EEC countries were 
to be limited by quotas, while other EEC 
countries could ship freely into the Spanish 
market. 

Sweden.—Continuing the restructuring 
begun in 1984, Avesta AB closed a cold- 
rolling strip mill at Avesta and the melt 
shop at Fagersta. Avesta AB is the descend- 
ant company from the merger of most of the 
Swedish stainless steel industry in 1984. 

Turkey.—A third blast furnace and a 
third BOF increased the capacity of the 
state-owned Iskenderun plant from 1.3 to 
2.4 million tons per year. À continuous 
bloom caster and two new rolling mills were 
also being added. The Government also 
approved plans to expand its other plant at 
Karabük. 

U.S.S.R.—A new 5-year plan, beginning 
in 1986, emphasized modernization and 
quality improvements rather than higher 
production in the iron and steel industry. 
Up to 33 million tons of capacity in open- 
hearth furnaces, which still produced over 
one-half of Soviet steel in 1985, was to be 
replaced by BOF's or electric furnaces. Con- 
tinuous casting was to be more than dou- 
bled to improve yield. Production of more 
sophisticated products such as specialty 
steels, oil country tubular goods, and high- 
quality cold-rolled and coated sheet was to 
be increased in order to satisfy increased 
demand and to reduce reliance on imports. 

A $975 million contract was signed with 
an Italian company to build an 800,000-ton- 
per-year oil country tubular goods mill at 
Volzhskiy. The plant was to have a 1.1- 
million-ton-per-year electric-furnace shop, 
which will supply rounds to an existing pipe 
mill as well as to the new mill. 

The second of four Midrex direct-reduc- 
tion furnaces came on-line at the Oskol 
Electro-Metallurgical Combine (OEMK) in 
Kursk. Two additional units under con- 
struction will bring capacity to 1.8 million 
tons per year. Eventually, capacity is plan- 
ned to be tripled with the addition of eight 
more units. The OEMK works included a 
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pelletizing plant, electric furnaces, and roll- 
ing mills for producing specialty steels. 

In 1985, two new minimills started pro- 
duction at Rybnitsa, Moldavia, and at the 
Komsomol’sk-na-Amure plant in the Far 
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East. The new minimills are part of a shift 
away from the very large integrated steel- 
works that the U.S.S.R. has traditionally 
built. 


TECHNOLOGY 


Development continued on casting thin 
slab or strip. The U.S. Department of Ener- 
gy provided funding for two projects. In the 
first, USS and Bethlehem Steel were jointly 
trying to cast slab less than 1 inch thick 
using a Hazelett double-belt casting ma- 
chine. In the second, Westinghouse Elec- 
tric Corp. and Armco were developing a 
process to cast thin strip onto a large wheel. 
Allegheny Ludlum Steel Corp. was inde- 
pendently working on a similar process. 
Nucor was trying to commercialize the 
Hazelett process for products where surface 
quality is not critical. 

New steelmaking technology was begin- 
ning commercialization. Plasma furnaces, 
compared to conventional electric furnaces, 
offered savings on electrode costs, low noise, 
low shock load on the electrical system, and 
better yield.* The development of alternat- 
ing current plasma torches offered the poe- 
sibility of lower cost plasma furnaces.‘ 
Higher productivity could be obtained from 
a conventional electric furnace using the 
Consteel process. In the process, scrap is fed 
to the furnace almost continuously, except 
just before tapping, and the furnace is run 
at full power continuously.“ As an alter- 
native to electric furnaces, the energy- 
optimizing furnace could offer lower cost 
melting of scrap. In the process, energy is 
obtained from carbonaceous fuel injected 
through submerged tuyeres and energy effi- 
ciency is increased by preheating the scrap.* 

Alternative processes for smelting iron 
were being tested. Allis-Chalmers Corp. 
tested a combined pelletizing and direct- 


reduction system. Hot pellets from a travel- 
ing grate furnace were fed directly to a coal- 
fired rotary kiln for reduction. A joint 
research project supported by Pickands 
Mather & Co., Westinghouse, and Minneso- 
ta Power & Light Co. investigated a plasma 
process for producing molten iron from iron 
ore concentrates. Low-grade carbonaceous 
materials can be used as reductants. A 
cold-bonding process to produce self-reduc- 
ing pellets was demonstrated. Because the 
carbonaceous reductant is mixed with the 
iron oxide, the reduction reaction is rapid. 
The pellets can be reduced in a convention- 
al blast furnace or hot-blast cupola to pro- 
duce molten iron, or in a rotary kiln to 
produce sponge iron. The process was re- 
portedly suitable for recycling steel plant 
wastes.* 


Physical scientist, Division of Ferrous Metals. 


333 Metal Producing: Three "Thin" Ways To Trim 
Steel's Hot End. V. 23, No. 4, Mar. 1985, pp. 46-49. 

e T. Initial Results From the Voest-Alpine 
Plasma Furnace. Iron and Steel Eng., v. 62, No. 5, May 
1985, pp. 23-26. 

*Neuschutz, D., H. Roesner, H. J. Bebber, and J. Hart- 
wig. Development of 3-Phase A-C Plasma Furnaces at 
Krupp. Iron and Steel Eng., v. 62, No. 5, May 1985, pp. 27- 


. J. A. Continuous Electric Furnace Steel- 
mikin e CONSTEEL Process. Iron and Steel Eng., 
v. 62, No. 11, Nov. 1985, pp. 44-47. 

*Bonestall, J. E., and R. Weber. EOF (Energy Optimizing 
Furnace) Steelmaking. Iron and Steel Eng., v. 62, No. 10, 
Oct. 1985, pp. 16-22. 

783 Metal Producing. A "New" Direction in Direct 
Reduction. V. 23, No. 4, Apr. 1985, p. 70. 

*Peters, H. Making the Most of Mesabi Ore. Met. Bull. 
Monthly, Mar. 1985, pp. 11-17. 

*Weiss, F. J., A. Goksel, and F. T. Kaiser. Production of 
Hot Metal From Carbon-Bearing Iron Oxide Pellets by the 
Pelle Tech (PTC) Process. Iron and Steel Eng., v. 63, No. 2, 
Feb. 1986, pp. 34-40. 
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Table 2.—Pig iron produced and shipped in the United States in 1985, by State 


. Shipped from furnaces 
Production ———————————————— Average value 


State (thousand 7 Geier Value per ton at 
hort tons) ousan urnace 
snore one shorttons) (thousands) 
Alabama, Kentucky, Maryland- - ------------ 6,745 6,774 $1,442,050 $212.88 
Ilinois ssh NONE ee 2.92] 2,921 480,795 164.60 
f ³ K 15.651 15.649 3,215,206 205.46 
Michigan St Oe ³ A 886 4,770 4,772 845.942 171.21 
Ohio suo t 9.259 9,260 1,900,897 205.28 
Pennsylvania ________._.-..---------- 6,473 6.490 1,366,820 210.60 
Texas, Utah, West Virginia 4,144 4,145 873,513 210.74 
Total! or average 49,963 50,010 10,125,222 202.46 


Data may not add to totals shown because of independent rounding. 


Table 3.—Foreign iron ore and 
manganiferous iron ore 
(excluding agglomerates) consumed in 
manufacturing pig iron 
in the United States, by source 


(Thousand short tons) 
Source 1934! 19852 
Br ll!!! 79 40 
Canada a 256 1.456 
Venezuelas 994 1.202 
Other countries 114 92 
Total 2.043 2.790 


1Excludes 10,054,084 tons used in making agglomerates. 
2Excludes 9,798,277 tons used in making agglomerates. 


Table 4.— Pig iron shipped from blast furnaces in the United States, by grade! 


1984 1985 
Grade antity Value diy oo Muere 
(thousand Total Average (thousand Total Average 


short tons) (thousands) per ton short tons) (thousands) per ton 


Basit oed coL Arius 51,526  $10,065,652 $195.35 49,333 . $9,990,377 $202.51 
Foundy :, W W W W W W 
All other (not ferroalloys)_ .. __ —— 637 128,533 201.78 677 134,845 199.18 

Total or average 252,164 10,194,185 195.43 50.010 10,125,222 202.46 


W Withheld to avoid disclosing company proprietary data; included with "All other.” 
Includes molten iron transferred directly to steel furnaces. 
Data do not add to total shown because of independent rounding. 
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Table 6.—Number of blast furnaces in the United States, by State 


1984 1985 
State In Out of In Out of 
blast! blast Total past: blast Total 
Alabama . See eee ee ie 2 2 4 2 8 5 
Dlinois -2222M 4 1 5 4 2 6 
i E 10 8 18 11 7 18 
Kentucky omues So cie 2 ex 2 2 £e 2 
Maryland. ---------------------- uen 2 2 4 3 1 4 
Michigan `- nns 6 3 9 6 3 9 
J)) v0. EE 11 10 21 11 8 19 
Pennsylvaninknn cL cllc lll 8 14 22 9 11 20 
Texas EE EES 1 ete 1 1 ce. 1 
e ee a M E 2 1 3 2 1 3 
Webini 3 1 4 3 he 3 
/ ͥͥͥͥͥͥͥ‚»A˙̃r Att rene 51 42 93 54 36 90 
1In blast for 180 days or more during the year. 
Table 7.—U.S. steel production, by type of furnace 
(Thousand short tons) 
Basic 
Year Open- oxygen Electric Total 
hearth converter 
1021.5 MERERI e a eed 13,452 713,231 34,145 120,828 
E! | 9 SPINE AC SOR ERIE ⅛ —ͤ—ͤ n !...... PSU UNS 6,110 45,309 23,158 14,511 
KT EE 5,951 52,050 26,615 184.615 
19d ß sede eS oe 8.336 52.822 31.370 92,528 
TEE 6,428 51,885 29,946 S 
!Data do not add to total shown because of independent rounding. 
Source: American Iron and Steel Institute. 
Table 8.—Metalliferous materials consumed in steel furnaces! in the United States 
(Thousand short tons) 
Iron ore? l tes? Iron 
Year EE EE Ferro, ` and steel 
Domestic Foreign Domestic Foreign alloys scrap 
; A 27 207 43 34 71,284 1,663 63,195 
19829-—. eu uz Aone es 29 64 31 58 42,395 947 40,379 
MOSS li ae ee tr 9 96 75 33 48,300 1,063 45,280 
1984 WEEN 43 98 18 43 51,291 71,166 48,415 
yr A runi ete 54 91 79 29 49,257 1,088 49,889 


!Basic oxygen converter, open-hearth, and electric furnaces. 

Consumed in integrated steel plants only. 

Includes ferromanganese, spiegeleisen, silicomanganese, manganese metal, ferrosilicon, ferrochromium, and 
ferromolybdenum. Includes ferroalloys added to steel outside the furnace. 
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Table 9.—U.S. consumption of pig iron, by type of furnace or other use 


1983 1984 1985 

Type of furnace — —————— —öE—ä nö ä — — — 

or other use Thousand Percent Thousand Percent Thousand Percent 

short tons of total short tons of total short tons of total 
Basic oxygen converter 44.330 88.5 45.551 85.6 44.515 86.6 
55 3 3.918 7.8 5.720 10.7 4.737 9.2 
Electric `... 341 7 368 7 503 1.0 
Spass een 425 8 469 9 501 1.0 
Air and other ſurnaces ___ _ 91 2 92 2 56 1 
Direct castings*. 965 19 1.002 1.9 1,100 2.1 
rr rne 50,070 100.0 53,202 100.0 51,411 100.0 


‘Includes vacuum-melting furnaces and miscellaneous melting processes. 
Castings made directly from blast furnace hot metal. Includes ingot molds and stools. 
*Data may not add to totals shown because of independent rounding. 


Table 10.—U.S. consumption of pig iron,' 


by State 
(Thousand short tons) 

State 1984 1985 
Arkansas 1 SH 
Connecticut 5 6 

Fla De ͤ Oak l 
Hines 2.884 2.702 
Indiana 16.206 16.016 
lowa __—-----------——— 3 2 
Kansas 3 8 
Massachusetts ] 24 
Michigan 5,179 5,088 
Minnesota í l 
Missouri 6 4 
New Jersey . dy 2 1 
New Vork 22 16 
ORGS 23 55 ⁵ð 10,309 9,700 
Oklahoma 11 
Pennsylvania 7.701 6,775 
C/ AAA ree 646 525 
Virginia 14 13 
Wisconsin 46 51 
Undistributed? __________ 10,092 10,422 

Total ole iet 53,202 251.411 


W Withheld to avoid disclosing company proprietary 
data; included with “Undistributed.” 

‘Includes molten pig iron used for ingot molds and direct 
castings. 

?Includes Alabama, California, Colorado (1984), Dela- 
ware, Florida, Kentucky, Maine, Maryland, New 
Hampshire, North Carolina, Oregon, Rhode Island (1984), 
South Carolina, Tennessee, Utah. Washington, West Vir- 
ginia, and item indicated by symbol W. 

Pata do not add to total shown because of independent 
rounding. 
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Table 11.—U.S. exports of major iron and steel products 


1983 m 1985 
Product Quantit Value 
(gene feel (an ie tons) (thousands) (short teas ) 
Steel mill 
. slabs, sheet 
ATE a Be S 102,756 $27,688 73,586 $19,165 89,708 $28,000 
Wire rod 6,346 7,246 8,744 10,187 4,922 8,047 
Structural shapes, 3 inches and 
EE 47,024 90,478 29,049 18,866 41,633 40,461 
Structural shapes, under 3 inches 21,801 96,047 11,231 R 7,139 7,897 
FC 11.527 3.855 2,655 628 466 
CCC ee 101,982 61,875 88,185 54,162 57,784 
Rails and track accessories 18,516 15,833 15,225 11,870 10,987 10,844 
Wheels and alen... 1 9,040 8,854 13,371 2,493 14,875 
nd igs $4,528 9,340 9,889 4,678 7,409 3,558 
Bars, carbon, hot- rolled 36,592 17,759 $2,162 27,577 11,842 
Bars, „ hot- roll 53,992 41,626 49,969 $9,773 84,871 31,298 
. 21,587 24 28,125 24,796 20, 28,182 
Hollow drill steel . 1,878 9 2,123 2,920 1,062 1,891 
ripe. FF 257.967 404,319 201,428 99,258 182 
-————ÓRL RE NE M UM M 
sta — — — U U * 
Blackplate___._.___.-.-- 60,929 18,704 38,781 9,779 $2,754 7,704 
Tinplate and terneplate _ _ _ _ _ _ 188,628 83,826 138,764 70,149 141,729 64,463 
Sheets, hot- rolled 42,544 32,934 51,580 39,220 56,696 85,429 
Sheets, cold-roll dll 50.481 47,126 51,202 46,236 46,465 47,968 
Strip, hot- roll dd 16.428 16,308 11,563 14,254 12, 13,742 
Strip, cold-rolled ... .. iss 26,152 42,255 26,182 46,696 28,827 41,078 
Plates, sheets, strip, galvanized, 
coated or clad. _.__.___- 78,142 56,665 69,736 62,450 60,819 56,498 
Note BE 1,198,623 1,054,794 971,284 904,011 929,954 1855,078 
Other steel producta: 
Plates and sheets, fabricated .... — 21,990 39,922 11,371 22,965 18,671 27,214 
Structural shapes, fabricated... . 65,803 183,087 86,854 141,849 46,110 93,396 
Architectural and ornamental 
TT LEE 8,643 15,178 2,201 9,186 1,765 8,174 
Sashes and frames 9, 197 38,069 31,894 6,815 20,839 
Pipe and tube fitting 22.831 141,646 11,426 1 16,862 126,336 
and tubing, coated or lined . 18 918 17,533 1,118 12,535 5,472 8,010 
Bolte and Bed as, AEN Ne ei tars 72.913 106,242 86,891 127,017 58,944 106,094 
ngs ---------- -m 33,048 55,182 41,789 63,51 
Cast-steel rolls . 2,847 E 2415 1,471 2, 
Railway track materia! 8,215 4,188 2,550 ,661 5,216 
Total. AAA 246,642 559,894 261,246 513,942 1200,887 465,072 
＋ÿdñ, tubes tins 85.518 128,523 51,082 99.252 41528 64.236 
iron pipes, uc * : 
Iron castings. . ----------- 58,344 45,866 122,876 110,084 94,419 90,994 
Total. ie at 148,857 174,889 174,087 209,336 135,942 155,280 
Grand total 1,589,122 1,788,077 1,412,587 1,627,289 1,266,288 1,475,980 
Pata do not add to total shown because of independent rounding. 
Source: Bureau of the Census. 
Table 12.—U.S. imports for consumption of pig iron, by country 
1983 1984 1985 
Country Quantity Value Quantity Value Quanti Value 
(short tons) (thousands) (shorttons) (thousands) (short 1080 (thousands) 
Belgium-Luxembourg - - - - _ ~ - _- 915 $129 ae Ges 2: EO 
Brattle Ge 185,955 14,418 421,176 $43,103 190,762 $13,772 
Canada 94,802 16,004 171,708 29,638 166,291 29, 920 
-w M PEN ES? e 1,968 CH 
France 772 101 1,704 253 1,241 1,219 
South Africa, Republic oa 9,650 1,259 $1,489 4,593 80,504 4,936 
Venezuela __-._.__________ DA pun 54,274 3,815 zm T 
GG w ------------- 20 10 22,004 1,988 1,492 442 
lll! 242,114 181,917 702,355 83,985 338,258 50,619 


iData do not add to total shown because of independent rounding. 
Source: Bureau of the Census. 


Source: Bureau of the Census. 
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Table 13.—U.S. imports for consumption of major iron and steel products 
1983 1984 1985 
Product Quantity Value Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) (short tons) 
"ngo. blooms ooms, billets, slabe, sheet 
SE ne Ae he 8 822,483 $176,621 1,515,734 1,878,953 $385,462 
Wire ros 1,188,918 392,317 ; 540,315 1,479,749 501,994 
S Orura shapes, 3 inches and 
JJC 1.489.226 425,557 2,075,027 587,961 2,019,245 580,305 
Structural shapes, under 3 inches 88 29,298 174,787 60,846 140,317 53,507 
piling - gg 69,050 26,744 80,709 30,862 102,790 37,837 
Plates 1,393,378 858,945 1,880,297 927 2,303,682 628,335 
Rails and track accessories 168,9 56,528 350, 113,724 858,442 127,906 
Wheels and axles 6, 7, 23,591 18,184 28,604 19,638 
Concrete reinforcing bara 208, 39,126 434,147 87,581 409,612 88,353 
r$, n, hot. rolled 322,518 109,504 540, 184,926 445,001 152,544 
Bers, alloy, hot-rolled |... 139,806 87,275 216,421 118,633 207, 112,279 
Bars, cold-finished |... 204,515 160,887 754 213.840 326,395 213,158 
Hollow drill steel- -- - ------ A Se 1,811 2,310 1, 1 
Welded pipe and tubing 1,728,716 §95,175 2,753,108 1,051,932 2,529,895 1,028,470 
ener pipe and tubing _ __ _ _ __ 1,124 F 2,676,358 394,148 1,942,051 1,178,810 
EE 478,776 316,761 702,493 472,053 629, 4 
Wire nails cce 374,039 544 458,826 235,270 403,522 199,126 
Wire fencing, galvanized __ ___ 10,762 6,991 712,011 77,459 25,811 16.915 
Black plate 170,420 66,939 278,003 116,068 241,375 99,928 
Tinplate and ternepiate me, 293,819 168,413 813 203,147 419,242 222,114 
Sheets, hot-rolled__ -------- 2,030,684 545,735 2,690,721 782,510 2,433,705 708,121 
Sheets, cold-rolled `... 2,425,167 à 8,612,456 1,499,599 2,808, 
Sheets, a (including 
galvanized) ______.____- 2,059,275 863,471 2,899,825 1,319,928 2,621,340 1,226,192 
Strip, jatra hot-rolled |... 32,530 11,491 19,592 25,373 62,154 19,353 
Strip, carbon, cold-rolled |... 66, 159 145,333 95,717 216,458 127,200 
Strip, alloy, hot- or cold-rolled 
(including stainless / 27,798 41,441 51,604 86,441 67,849 105,585 
Plates, sheets, strip, electro- 
lytically coated (other than 
with tin, lead, or zine ) 110,067 61,448 149,624 79,656 186,485 98,291 
Total__------------- 17,034,388 6,333,636 "26,169,048 "10,201,074 24,278,482 9,565,642 
Other steel products: 
Plates, sheets, strip, fabricated. — 5,536 4,430 13,085 11,805 36,157 16,578 
Structural shapes, fabricated. _ . 206 155,308 235,950 136,717 285,169 271,642 
Pipe fittings - - gs 71,161 92,146 105,095 136,475 118,328 176,135 
igid oonduilt 282 2,187 81 15,826 17,650 11,955 
e ties made from strip - 643 546 "940 642 812 634 
Nails, brads, reas aar staples, 
tacks, not of wire 40,670 46,977 48,662 61,217 45,801 60,298 
Bolts, nuts, rivets, washers, eto 450,707 413,157 684,761 153,101 638,314 24,509 
Forgings --------------- ; 20, 51,261 ,997 68,915 41,210 
pr e ——— 804,095 795,481 1,146,133 "1,155,386 1,211,146 1,308,921 
Iron products: 
Cast-iron pipes, tubes, fittings — . 30,629 32,155 40,471 42,211 78,895 59,455 
Iron castings. - ----------- 94,742 76,693 132,078 96,675 139,313 85,088 
Total. osc ok 125,371 108,848 172,549 138,886 217,708 144,543 
Grand total 17,963,854 7,231,965 27,487,780 11,495,346 25,707,886 11,019,106 
"Revised. 
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Table 14.—Pig iron: World production, by country! 


(Thousand short tons) 
Country? 1981 1982 1983 1984? 1985° 

Algeria Loa ee 8 989 71,209 1,213 Fe) 210 1,210 
Argentina® 222 bata oe Eek ĩͤ hae Bt E 1,896 2,090 2,052 1,983 42.557 
Australia . nnen 1,529 6,565 5,561 5,874 46.173 
Aüstria unnm 3,832 3,434 3,660 4,128 44,117 
TT, a ne acutus quus 10,724 8,638 8,849 9,886 49,611 
Brazil 11.901 11.935 14,269 18,960 420,911 
Bulgaria- - ------------------------ 1,667 1,717 1,789 1,739 41,876 
Burma `- ouo unu 0 4 14 17 13 
GE 10,740 8,818 9,443 10,629 *10,646 
Chili. co eee See 642 595 654 634 
rr eee ʒ umm 31,666 39,171 41,204 44,010 48,100 
Colombia _________-_--_.-_--__-___- 251 1 4271 
Czechoslovakia. aa 10.354 10.500 10,434 10,539 10,500 
E as i i T 8 €240 125 216 248 250 
Finland. ee ee eo 2,180 2,157 2,092 2,242 2,000 
Frá- n i Ee 19,035 16,569 15,274 16,578 417,004 
German Democratic bli | 5 2,691 2,369 2.433 2,598 2,800 
Germany, Federal Republic o. 85,137 30,447 29,319 33,293 434.719 
Greece `- T48 121 152 152 150 
Hungary._________________-__-___- 2417 2.404 2,256 2,310 42,309 
Indi — n es 8 10,443 10,582 10,016 10,342 410,841 
EE E OR MR atl EUR 600 700 800 800 800 
JJ!öͤÜ¹ 88 13.514 12.717 11.399 12,818 412,851 
) ³˙•¹A ees oe 88,238 85,603 80,398 88,629 488,812 
Korea, NortnU 5,500 5,800 6,100 6,300 6,400 
Korea, Republic oů kk 8,739 9,309 8,845 9,660 9,700 
Luxembourg 3,185 2.852 2,553 3.051 43,037 
Mexico? -` ⁰¹·1.ĩ˙’ſ. du ⁰⁰Kdkd́d ̃ ẽ ͥä. es 6.011 5,625 5,549 5,895 45,483 
More eee REIS e 13 13 17 17 17 
Netherlanddd ss 5,071 3,987 3,800 5,430 45,313 
New Zealand? ? _____________________ 165 165 170 190 190 
Norway EE r647 7503 623 631 670 
Pakistan? eod ͤ ͤ d 7200 17470 1520 1624 4885 
ö? A; A et 266 225 154 68 235 
Polafid roccia ae IM 10,301 9,395 10,710 11,002 11 ,000 
Portugal. . - ----------------------—- 452 231 391 411 456 
Romania 9,763 9,521 9,028 *8,900 8,900 
South Africa, Republic of. .. 8,119 7,454 5,746 6,013 47,247 
TEE? 7,080 6,604 5.950 5,884 *6,037 
Sweden*- noct Se Pei Lir oS ie 2,131 2,076 2,328 2,561 2,650 
Switzerland... 222222222 c 2l T36 111 1 60 55 
1C777/õ ⁰²“ꝰ·rV⁵⁵ʃ; ³˖ͤ—. Ee 1.776 2.971 3,764 3,704 3,750 
Hall a en es 11 1 (9) E nes 
Trinidad and Tobago (sponge iron 198 261 313 263 230 
Tunisia uni i EC 174 r107 162 165 165 
NI d EE Ee dv ee T2 260 T2 396 2,997 3,161 3,245 
JJ] ͥ‚ͥ]³Üww a ee ee 118,141 116,955 120,923 122,238 121,000 

United Kingdom , 9,179 10,447 10,458 11. 
United States 73,755 43.342 48.770 51.961 449,963 
Venezuela 2,458 2,598 2,476 3,511 3,300 
Yugoslavia _----------------------- 3 105 2,980 3,136 3,147 43,439 
7) A Rat oe 440 300 1.021 1.022 1.100 
TOUR os nud T553,186 T503,999 510,211 546.317 555,222 


*Estimated. Preliminary. Revised. 
„ excludes ferroalloy production except where otherwise noted. Table includes data available through June 24, 


zin addition to the countries listed, Vietnam and Zaire have facilities to produce pig iron and may have produced 
limited quantities during 1981-85, but output is not reported and available general information is not adequate to permit 
formulation of reliable estimates of output levels. 

Includes sponge iron output. 

*Reported figure. 

5I[ncludes blast furnace ferroalloys. 

*Less than 1/2 unit. 
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Table 15.—Raw geet: World production, by country? 


(Thousand short tons) 
Country? 1981 1982 1983 1984? 1985* 
Algeria? 235 sh ceu ede 4575 630 660 770 830 
lll! ee es 11 11 11 11 11 
Argentine 2,784 3,211 8,244 2,918 43,242 
Australien 8,416 7,023 6,200 6,943 7 
Aal 5.132 4,694 4,862 ; 6,200 
Bangladesh’ ______________________- 153 120 62 80 111 
Belgium - ----------------------- 13,645 10,931 11,196 12,459 411,788 
Brazil -vane i ee ee uL Wim 14,584 "14,330 16,160 20,261 ,549 
Bulgaria__________-_---_----------- 2.738 2,848 3,121 3,172 43,225 
Canada __________~______ eee 16,326 12,965 14,140 : 16,500 
Si 710 542 681 763 751 
e ur EE t M s AM D 389,242 40,962 44,040 47,800 51,500 
Colombia ______._-__-_--.____--_._- 443 466 531 550 4584 
JJ. ĩð v ĩͤ . 5 S 364 332 401 373 410 
Czechoslovakia- -_-_- 16,832 16,526 16,561 16,348 416,574 
Denmark ` 675 7 
Ecuador Lo -~ 31 31 25 20 *20 
JJ ⁵ðV,·¹Üü y 1243 7125 216 250 
El Salvador? `... 11 8 17 112 11 
Finland 2, 676 2,661 2,663 2,901 2,750 
e TEE 23,433 20,300 19,426 20,944 420,759 
German Democratic Republik... 8,231 7,902 1,958 8,348 *8,708 
Germany, Federal Republic of... 45,867 89,551 39,384 43,419 144,644 
[CENE e c Lo I DLL ðͤ A a i 1,002 71,028 946 987 41,088 
Hong Kong? gg 130 130 130 130 130 
mr ele Lu i a 8 4,016 4,081 3,986 4,134 *4.020 
India o e o -. ʃ ¹¹ ʃ rehus e esa sets 11,442 11,811 11,359 11,402 11,970 
Indonesia 22 ee 551 551 882 81,100 1.500 
Irán t sd ⅛ꝛ-ũm² r ) mw . a a ea 1.300 1.300 1.500 1.300 1,900 
77ôôÄ§Ä%é Ce ⁰mktßs LU s 50 50 (7) (7 Sg 
Ireland. cd ũ0 ... cc mana zt us 35 61 160 1 170 220 
I ͥ Pf ˙ͤ—ͥAw. 7132 1182 165 220 170 
! K 27,312 26,434 23,89 26,484 28.173 
) ³˙⁰ A 112,078 109,733 107,121 116 *116,052 
ohhh. Odd te 149 154 *150 150 150 
Kenya? EEN 11 11 11 11 11 
Korea, Nortnʒn ) 6,100 6,400 6,700 7,200 7,200 
, Republic o 11,854 12,955 13,134 14,366 14,900 
Luxembourg 4,178 3,869 3,631 4,395 44,349 
Malaysia 230 230 390 390 390 
Mexico -5 -7----------------------- 8,447 ae 7,692 8,277 *8.015 
PIDE 1 7 7 
Netherlands 6.032 4.791 4.985 6.326 46,063 
New Zeeland... 278 257 302 
ö uai eee ues 17 110 150 1200 *290 
Norway /// -2lc2--2- 52-9 E uM aisi 935 847 987 1,009 1,000 
277 SENI 390 390 600 7670 770 
JJ)! ³⅛ AAA es tie un 401 302 330 377 4453 
Philippines . eee Le 386 386 220 e280 
Poland - -------------- -= 17,327 16,309 17,897 18,224 417,747 
Portugal- -22-2222222 556 734 151 431 
Qatar --------------------------- 499 524 526 538 
Romani 14,358 14,391 13,881 15,914 415,212 
Saudi Arabia ana *80 "1 928 940 
Singapore? 052.55 coucou mae ead 386 386 386 390 390 
South Africa, Republic of... 9,925 9,117 7,926 8,628 8,300 
SPINS. a ------- y 14,233 14,506 14,034 14,864 415,691 
Sweden ``.. 74,168 74.339 4,537 5.186 5,200 
Switzerland_ _ 1,065 1 047 920 1,078 1,100 
SC E EE EE 120 109 90 776 76 
aiwan hs 224444 3,465 4.495 5,530 5,500 5.500 
Thailand J)) KA ⁵ 331 344 269 280 220 
Trinidad and Tobago 58 1197 231 219 *184 
TUNA t.e cz. n uu lent F176 F110 165 7165 165 
Turkey- v. uius te mole ae eta E 72.613 13,134 4,729 45,469 
U.S.S.R DEE 163,632 162,221 168,118 170,018 171.000 
United Kingdom ~- -------------------— 17,170 15,106 16,519 16,668 417,331 
United Staten... 120,828 14,511 84,615 92,528 485,259 
AP; e ͤ ͤ⁰ 17 31 61 o3 50 


See footnotes at end of table. 
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Table 15.—Raw steel: World production, by country? —Continued 


(Thousand short tons) 

Country? 1981 1982 1983 1984P 1985* 
Venezuela 2,003 2,531 2,820 3,241 3,500 
Mei. c at e ess 120 130 110 110 110 
Yugoslavia `- --------------------—- 4,383 4,244 4,558 4,669 44,938 
ZAmbübwe.-...-. occa AE uus 762 582 141 431 440 

TOU 0 t pret ee 7718,948 ™709,668 730,604 782,008 788,119 


*Estimated. Preliminary. "Revised. 

!Steel formed in first solid state after melting. suitable for further processing or sale; for some countries, includes 
material reported as liquid steel," presumably measured in the molten state prior to cooling in any specific form. 

Table includes data available through June 24, 1986. 

In addition to the countries listed, Ghana, Libya, and Mozambique are known to have steelmaking plants, but 
available data are insufficient to make reliable production estimates. ‘Burma reportedly has a remelt capacity of 40,000 
tons; however, plant output, if any, is not known. 

*Reported figure. 

5Data are for year ending June 30 of that stated. 

*Includes steel castings. 

Revised to zero. 


Iron and Steel Scrap 


By Franklin D. Cooper! 


Brokers, dealers, and other outside 
sources supplied domestic consumers with 
31.4 million tons* of all types of ferrous 
scrap at a delivered value of approximately 
$2.94 billion, while exporting 9.95 million 
tons valued at $918 million. In 1984, domes- 
tic consumers received 34.3 million tons at a 
delivered value of approximately $2.82 bil- 
lion, while exports totaled 9.5 million tons 
valued at $918 million. 

Domestic Data Coverage.—Domestic pro- 
duction data for ferrous scrap are developed 
by the Bureau of Mines from voluntary 
monthly or annual surveys of U.S. oper- 
ations. Of the operations to which a survey 
request was sent, 76% responded, repre- 
senting an estimated 80% of the total con- 


sumption shown in table 2 for three types of 
scrap consumers. Consumption for the 
nonrespondents was estimated using prior 
reports adjusted by industry trends. An 
estimation error is also contained in the 
difference between the reported total con- 
sumption of purchased and home scrap and 
the sum of scrap receipts plus home scrap 
production, less scrap shipments, and ad- 
justments for stock changes. For scrap con- 
sumption data shown in table 2, this differ- 
ence amounted to 1% for the manufactur- 
ers of pig iron and raw steel and castings, 
0.3% for the manufacturers of steel cast- 
ings, and 3% for iron foundries and miscel- 
laneous users. 


Table 1.—Salient U.S. iron and steel scrap and pig iron statistics 
(Thousand short tons and thousand dollars) 


1981 1982 1983 1984 1985 
Stocks, Dec. 31: 
Scrap at consumer plants 8,118 6,418 5,807 5,261 5,104 
Pig iron at consumer and supplier plants 859 622 345 304 266 
TCC AAA 8 8,977 7,040 6,152 5,565 5,370 
Consumption: 
„JC PP 85,097 56,386 61,782 65,702 70,493 
FC clos ccu e e a 15,040 44,409 50,070 53,202 51,411 
Exports: 
Scrap (excludes rerolling material and ships, 
boats, and other vessels for scrapping)_ - 6,415 6,804 7,520 9,498 9,950 
/// $638,644 $610,302 $636,723 $917,981 $918,186 
Imports for consumption: 
Scrap (includes tinplate and terneplate)_ _ — _ _ 468 641 572 601 
Value `- ----- -2-a $62,126 $37,572 $48,219 $46,946 $45,620 
Legislation and Government Pro- required the President to consult with an 


grams.—On July 12, 1985, the President 
signed compromise legislation (S. 883) to 
reauthorize the Export Administration Act 
of 1979 and for other purposes. This Public 
Law 99-64 included limited contract sancti- 
ty, clarified the foreign availability test, and 


affected industry before imposing export 
policy controls. 

Findings of the U.S. International Trade 
Commission (ITC), published in May 1985, 
indicated that imports of slab steel in the 
1979-83 period had no significant impact on 
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the U.S. ferrous scrap industry. 

Rhode Island’s tax administrator deter- 
mined that a scrap metal processor produc- 
ing tangible personal property for sale was 
exempt from the State’s sales and use taxes 
on new equipment purchased and that its 
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investment in processing equipment was 
classed as an investment tax credit. 

Massachusetts was the 50th State to clas- 
sify a scrap metal processor as a manu- 
facturing business. 


AVAILABLE SUPPLY, CONSUMPTION, AND STOCKS 


In expectation of a severe winter, steel 
producers built up their stocks and then 
drastically reduced purchases in early 
spring. Scrap processors in the Midwest 
reluctantly agreed to overnight delivery to 
some purchasers who maintained small 
stocks. Scrap processors in the South sold 
scrap at bargain prices to maintain some 
cash flow. An oversupply of ferrous scrap in 
the Pittsburgh area was further increased 
by the fabrication of domestic-made and 
imported steel products. LTV Steel Co. “s 
Pittsburgh Works with two electric arc 
furnaces (EAF) was the principal consumer 
at a maximum 50,000- to 60,000-ton-per- 
month demand. In August, scrap demand 
for the Pittsburgh area foundries was at 
such a low level that it was difficult to set 
prices on foundry scrap grades. Scrap de- 
mand was further decreased in the area 
because LTV no longer made steel in its 
Aliquippa Works and Wheeling-Pittsburgh 
Steel Corp.'s plants were strikebound for 2 
months. 

Raw steel production was 88.3 million 
tons compared with 92.5 million tons in 
1984. Raw steel capacity utilization was 
66.1% in 1985 compared with 68.4% in 1984. 

Steel mills accounted for 71.9% of all 
scrap received from brokers, dealers, and 
other outside sources; steel foundries receiv- 
ed 4.1%, and iron castings producers and 
miscellaneous users received 24.0%. 

The apparent consumption of scrap, in 
million tons, comprised 38.8 net receipts 
(total receipts minus shipments), 30.5 home 
scrap, 0.6 imports, and 0.2 withdrawals 
from stocks for a total of 70.1. 

The 1984-85 status of U.S. manufacturing 
sectors that were major consumers of iron 
and steel products was as follows: 

Appliances.—In 1985, 41.8 million units 
were shipped, 17% more than in 1984. 

Automobiles.—In 1985, 8.2 million units 
were made in the United States, 5.1% more 
than in 1984. In the first 5 months of 1985, 
169,600 recreational vehicles were shipped 
to dealers, 9.4% less than in 1984, and in 
the first 6 months of 1985, 39,900 recreation- 
al homes were shipped to dealers, 16% less 


than in 1984. 

Castings, iron.—Shipments totaled 10.1 
million tons in 1985 compared with 10.9 
million tons in 1984. 

Castings, | steel.—Shipments totaled 
889,000 tons in 1985 compared with 940,000 
tons in 1984. 

Construction equipment.—The value of 
shipments in 1985 totaled $4.2 billion com- 
pared with $4.0 billion in 1984. 

Farm, wheeled tractors.—Units sold in 
1985 totaled 120,000 compared with 110,000 
in 1984. 

Housing starts.—Starts in 1985 totaled 
1.74 million tons compared with 1.75 mil- 
lion in 1984. 

Materials handling.—The value of ship- 
ments in 1985 was $4.4 billion compared 
with $4.0 billion in 1984. 

Mining equipment.—Sales were $155 mil- 
lion in 1985 and $125 million in 1984. 

Service centers, steel. —Shipments to serv- 
ice centers were 21.0 million tons in 1985 
and 20.9 million tons in 1984. 

Shipbuilding.—Contracts in 1985 totaled 
$753 million for nine ships for the Armed 
Forces and five noncombat ships. The total 
for 1984 contracts was $530 million. 

Steel. —Shipments of all grades of fin- 
ished steel were 72.7 million tons in 1985 
and 73.7 million tons in 1984. 

Tubular goods. —Shipments were 1.5 mil- 
lion tons in 1985 and 1.2 million tons in 
1984. These tonnages exclude oil country 
products. 

News of acquisitions included the follow- 
ing: Steelmet Inc. Pittsburgh, PA, was 
purchased by ELG Haniel Metals Corp., a 
wholly owned subsidiary of Haniel GmbH, 
Duisburg, Federal Republic of Germany; 
Purdy Metals Corp. sold its Los Angeles, 
CA, scrapyard to Hugo Neu, a major scrap 
exporter situated on nearby Terminal Is- 
land; Miller Compressing Co. bought most 
of the assets of Afram Bros. Co., Milwaukee, 
WI; the Union Corp., Verona, PA, sold the 
operating assets of its Jacobsen Metal Co., 
Chesapeake, VA, division to some private 
investors; and Addlestone International 
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Corp., Charleston, SC, purchased Associated 
Iron & Metal Co., Jacksonville, FL. 

New ventures included the following: Or- 
ange County Steel Salvage Inc. opened an 
export yard on Terminal Island, CA, fea- 
turing the Ro-Con method of loading that 
included containers and bulk shipments so 
that 20,000 tons of scrap could be loaded 
aboard a vessel in 2 days; Schiabo-Chatham 
Co., Savannah, GA, and Southern Scrap 
Material Co. Ltd., Baton Rouge, LA, created 
a new venture for purchasing, processing, 
and marketing stainless steel scrap in the 
gulf region; and Steelmet opened a trading 
office in St. Louis, MO, to handle stainless 
and nickel alloy scrap sales. 

Scrapyard closings included the perma- 
nent termination in October 1985 of the 
export yard of Schiavone & Sons Inc., Bos- 
ton, MA, and the processing facilities of 
World Trade Options, Spring Valley, NY. 

Phibro Bros. (United States) in August 
severed its trade connections with the Re- 
public of South Africa, and in late October, 
announced that its subsidiary Philipp Bros. 
would withdraw from steel, bulk ferro- 
alloys, and ferrous scrap trading. Resulting 
dismissals will affect 600 of its 1,400 employ- 


ees. 

Some miscellaneous happenings relating 
to ferrous scrap were as follows: The Public 
Service of Indiana in June auctioned por- 
tions of $700 million worth of steel and 
equipment intended for a nuclear plant that 
was canceled in 1984; General Motors 
Corp.'s plan to take its automobile bundle 
scrap off the open market was postponed for 
the second time in November; Schnitzer 
Steel Products Co., Oakland, CA, was se- 
lected to be the exclusive scrap supplier for 
Judson Steel Corp., Emeryville, CA; and 
Lindemann Recycling Equipment Inc., a 
subsidiary of Lindemann Machinefabric 
GmbH of Dusseldorf, Federal Republic of 
Germany, established its U.S. headquarters 
in New York City. 

Ferrous scrap in stockpiles of domestic 
consumers totaled 5,104,000 tons at year- 
end, down 157,000 tons from the 5,261,000 
tons at yearend 1984. Stocks held by steel 
manufacturers continued a recurring annu- 
al decline, while stocks held by makers of 
ferrous castings increased significantly in 
1985. 

The U.S. ferrous scrap industry's annual 
processing capability in 1984 was 130 mil- 
lion tons, 18% more than that of 1974, 
according to a report by the Battelle Colum- 
bus Laboratories for the Metal Scrap Re- 
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search and Education Foundation (MSREF). 
The replacement value of the industry’s 
capital investment increased to $2.3 billion, 
183% more than that of 1974. Land repre- 
sented a $636 million investment, and build- 
ings, $481 million. The cost of a greenfield 
scrap processing yard was $1.5 million to 
$2.0 million. In 1984, there were 1,407 proc- 
essing plants in operation compared with 
1,330 in 1974. The number of plants in the 
30,000- to 60,000-ton-per-year range was 215, 
up from 152 such plants in 1974. Collective- 
ly, the East North-Central and Northeast 
census regions accounted for 50% of the 
total U.S. plants and 6396 of the total 
tonnage processed. 

According to the Battelle report, in 1984, 
800 balers processed 8.9 million tons; 770 
guillotine shears processed 11.2 million 
tons; and 200 shredders processed 11.2 mil- 
lion tons. Ferrous scrap processors operated 
36,000 pieces of equipment, of which balers, 
guillotine shears, and alligator shears were 
the predominant types; shredders and bri- 
quetters had the largest relative growth in 
the 1974-84 period. Shears, balers, and 
shredders of recent vintage required less 
power input and had a longer life than 
similar equipment placed in operation 10 to 
20 years earlier. The installed cost of a 
guillotine shear ranged from $450,000 to 
$800,000, and a large-capacity baler cost up 
to $2 million. 

A growing trend for processing the total 
products from an automobile shredder us- 
ing water instead of air to separate the 
nonmetallic constituents. The wet system 
required less power and reduced air pollu- 
tion. 

Scrap processing equipment, in new or 
redesigned configurations, offered by the 
United States and foreign manufacturers 
included balers capable of higher productiv- 
ity while making higher density bundles 
from the Harris Press and Shear Co., 
Cordele, GA; Al-jon's 990 four-wheel drive 
hydrostatic loader; and Caterpillar Tractor 
Co.’s integrated toolcarrier wheel loader 
with power takeoff for use with a variety of 
small equipment in scrapyards. Shears 
available included La Bounty Model MSD- 
22, capable of processing subway cars in an 
as-received condition; ECON’s Model 210-P 
portable guillotine shear; and Harris 
energy-efficient Model BSH-22-883 shear. 
The joint use of a 245 Hydraulic Excavator 
teamed with a La Bounty shear could proc- 
ess one railroad car per hour into No. 1 
heavy melting scrap, and Allied-Gator Co.'s 
mobile shear was capable of a shearing 
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force up to 1,600 tons. 

Foreign-made shears included six basic 
models from Dudley Shearing Machine 
Manufacturing Co. Ltd., Stoke-on-Trent, 
United Kingdom; shears from J. McIntyre 
(Machinery) Ltd., Nottingham, United 
Kingdom; and a shear marketed by the 
NEW DJ Press Co., a division of Wendt 
Manufacturing Corp., North Tonawanda, 
NY, made by Thyssen Henschel of the 
Federal Republic of Germany, the use of 
which did not need feed scrap presorting. 
Southern Scrap, a large tonnage processor 
in New Orleans, LA, bought a Lindemann 
LU-810 shear made in the Federal Republic 
of Germany. The shear was put into oper- 
ation in late 1985. 

The Fujiar Newell shredder, introduced 
into Japan in 1980, now has the dominant 
share of new shredder sales in Japan. The 
shredder is made by Fujican Manufacturing 
Co. under license from Newell Industries 
Inc. 

Proler International Corp., Houston, TX, 
operated nine shredders either in a joint 
venture with Prolerized Schiabo Neu Co. or 
by Proler alone. 

Cholmondeley Industrial Associates Inc., 
Cincinnati, OH, was selected by Lindemann 
Recycling to represent its processing equip- 
ment in Kentucky, Tennessee, and parts of 
Indiana, Ohio, and West Virginia. Harris 
became the sole agent in the United King- 
dom for Lollini S.p.A. of Italy, and Lollini 
will be Harris’ agent in Italy for Harris’ 
equipment, excluding balers. 

Analyzers for a wide range of scrap met- 
als included the 3600 Mobil Metal Analyzer 
of Applied Research Laboratories; the Clan- 
don Portable Metascope from Clandon Sci- 
entific Ltd., Aldershot, HANTS, United 
Kingdom, G0125QR; the X-Met 840, a hand- 
held, portable, microprocessor-based, 
multielement X-ray fluorescent analyzer by 
Columbia Scientific Industries Corp.; a 
readout system, called Spectrographix 16, 
from the Labtest Equipment Co.; Texas 
Nuclear's 9266 Alloy Analyzer; and Walker 
Scientifics Inc.'s Alloy Thermo-Sorter Mod- 
el ATS-6044. 

Activities of ferrous-scrap-related founda- 
tions and associations are noted. The Execu- 
tive Director of the Institute of Scrap Iron 
and Steel (ISIS) testified on March 12 before 
the ITC that imports of semifinished steel 
and slabs threatened the domestic scrap 
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industry. ISIS published a booklet relating 
to insurance coverage for scrap processors. 
ISIS’ members in the Buffalo, NY, area and 
ISIS’ national office stopped the Buffalo 
City Council’s attempt to classify scrap 
metal processing operations as junkyards. 
ISIS approved the provisions of the Export 
Administration Act of 1985, and ISIS issued 
a general information, updated and revised, 
folder entitled “Mines Above Ground.” 
MSREF, the research arm of ISIS, updated 
the original 1975 study of the U.S. ferrous 
scrap industry's processing capability. The 
study's results showed current processing 
capability to be 130 million tons per year. A 
detailed listing and count of the major types 
of equipment, plant count, and net capacity 
of equipment installed or on order were 
published in the fall 1985 issue of the ISIS 
"Phoenix Quarterly." The National Associ- 
ation of Recycling Industries Inc. (NARI), in 
May, postponed the establishment of an 
association to negotiate favorable freight 
rates. NARI opposed proposed legislation in 
Rhode Island to make recycling mandatory. 

Safety conditions received increasing at- 
tention in the processing and use of ferrous 
scrap. J. J. Keller and Associates Inc., 
Neenah, WI, introduced its new Hazardous 
Material Incident Kit designed to provide 
instructions and material to respond to a 
hazardous release of contaminants from 
ferrous scrap. The Environmental Protec- 
tion Agency (EPA) determined in February 
that scrapyard shredder residue contami- 
nated by sodium azide from airbag canisters 
was not hazardous. To call attention to 
hazardous materials, ISIS started an ad- 
vertising campaign directed to State gov- 
ernment officials. A full-page advertise- 
ment suggested that manufacturers were 
responsible for keeping hazardous materials 
out of their products that eventually would 
be scrapped and recycled. Materials receiv- 
ing current attention are polychlorinated 
biphenyl (PCB), dioxin, and radioactive fer- 
rous scrap. 

On May 24, the TAMCO Co., Los Angeles, 
CA, closed its EAF melt shop after radioac- 
tive contamination was discovered. Of the 
350-employee work force 3 employees re- 
ceived extensive tests that showed negative 
results. Fortunately, the radioactive con- 
tamination was trapped in 100 tons of 
baghouse dust. 
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TRANSPORTATION 


The CSX Corp., formed in 1980 by the 
merger of Chessie System Railroad Inc. and 
Seaboard Coast Line Industries Inc., in 
December 1985 announced a writedown of 
surplus assets that included 1,000 miles of 
track, 600 unused locomotives, and 41,000 
idle freight cars. 

The total annual capability of the US 
freight-car-building industry in 1985 was 
82,000 cars, of which a 29,000-car capacity 
was completely inactive. Freight car deliv- 
eries were 95,650 in 1979, decreasing to 
85,465 in 1980, 44,825 in 1981, 17,236 in 
1982, and to a low of 5,772 in 1983. Produc- 
tion recovered to more than 12,000 cars in 
both 1984 and 1985, equal to 15% of produc- 
tion capacity. Of the 1,765 coal-carrying 
cars ordered in 1985, 1,633 had aluminum 
sides whose life was expected to be 30 years 


compared with 20 years for steel sides. Cars 
for hauling coal in unit trains for electric 
utilities generally had bottom-emptying 
hoppers; other cars were emptied by rotary- 
dump equipment. Such cars usually had a 
4,330-cubic-foot internal volume; their pay- 
load rating was 106 to 108 tons maximum, 
their length ranged from 51 to 54 feet, and 
their empty weight was 15 to 21 tons, of 
which 31% to 36% consisted of aluminum 
components. The term “gondola” has been 
inadvertently used for such coal cars; how- 
ever, ferrous scrap could not be hauled in 
such cars because of their configuration and 
the fact that electric utilities, which owned 
the cars, specified their use. 

Three U.S. makers of aluminum-steel rail 
cars were Rail Car Co. (Tarco), Ortner 
Freight Car Co., and Bethlehem Steel Corp. 


PRICES 


Based on the average composite delivered 
prices per long ton quoted monthly and 
separately by the American Metal Market 
and Iron Age, No. 1 heavy melting steel 
scrap cost $74.91 in 1985, ranging from 
$85.75 in March to $66.58 in June. 

The 110,000 gross tons of No. 1 factory 
bundles auctioned in May by General Mo- 
tors Corp., Ford Motor Co., and Chrysler 
Corp. brought $13 to $15 per ton less than in 
the two preceding months. 

In the Pittsburgh area, processors bought 
only enough scrap to maintain good work- 
ing relations with their suppliers. Although 
ferrous scrap sales were classed as bargains, 
major traders expected higher sales prices 
because of lower interest rates and the 
Government's voluntary restraint program 
on steel imports. When buyers could be 
found, shredded scrap brought $80 per gross 
ton, a level at which Pittsburgh scrap could 
not compete with exports by east coast 


processors. 

In early June, Midwest scrap consumers 
paid prices near those in 1982 and early 
1983. West coast prices were down $1 to $5 
per gross ton because of decreasing exports. 

Purchases by domestic consumers of 
scrap from brokers, dealers, and other out- 
Side sources were as follows: 


Quantity oo de- 


(thou- vered value 
Consumer sand Total 
short (mi. Average 
tons) lions) (per ton) 
Steel manufacturers 26,866 $2,124 $79 
Steel castings 
manufacturers 1.517 133 88 
Iron castings 
manufacturers 8,979 682 76 
Total or average 37,362 2,939 179 


1 Average for the first 6 months was $82, and for the 
second 6 months, $74. 
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Figure 1.—Raw steel production (AISI), total iron and steel scrap consumption, pig iron 
consumption, home scrap production, and net scrap receipts. 


FOREIGN TRADE 


Total ferrous scrap exports increased 
4.7% over those of 1984 and accounted for 
the largest tonnage since 1980 when 11.2 
million tons was exported. The tonnages 
and values of the 1985 exports, as released 
by the Bureau of the Census, were as 
follows: 


Sep Customs value 
antity ——————————— 
Type (short ae Ave 
tons) ou 
ns sands) (Per ton) 
Ferrouns 9.639.455 $794,305 $82.40 
Stainless steel! 179,583 104.898 584.12 
Alloy steel 
(excluding stainless) 129,358 18,981 146.73 
Total or average 9.948.398 918.184 92.29 


Canada, Japan, the Republic of Korea, 


Mexico, Spain, Turkey, and Venezuela col- 
lectively received 7.47 million tons, valued 
at $645 million and averaging $86.35 per 
ton. 

The four countries that received the larg- 
est tonnages of U.S. stainless steel scrap 
exports were Japan, 46,997 tons; Spain, 
27,222 tons; the Netherlands, 24,891 tons; 
and the Federal Republic of Germany, 
23,799 tons. Collectively, these countries 
received 68.6% of the total stainless steel 
scrap exported. Canada, Sweden, Mexico, 
Thailand, Taiwan, and India, in decreasing 
order of tonnage, collectively received 
99,528 tons or 76.9% of the total alloy scrap 
exported. 

The tonnages and customs value of the 
total scrap exported through the five lead- 
ing customs districts were as follows: 
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pre Customs value 
Area and leading (thou- 
district sand E Average 
short sands) (per ton) 
tons) 
East coast: New York, 

NY n cuo 1,711 $159,613 $93.29 
Great Lakes: Detroit, MI 733 57,614 18.60 
Gulf coast: New Orleans, 

RE 486 66,121 136.05 
Inland: Laredo, TX 408 40.804 100.01 
West coast: Los Angeles, 

CA ERISQUE UM 1.320 126,055 95.50 

Total or average 4,658 450,207 96.65 


No. 1 heavy melting and shredded were 
the leading grades of scrap exported. Collec- 
tively, these two grades accounted for 53.5% 
of the total scrap exported. Borings, shovel- 
ings, and turnings totaled 875,000 tons; No. 
2 heavy melting totaled 767,000 tons; and 
iron scrap, excluding borings and shovel- 
ings, totaled 666,000 tons. These five grades 
accounted for 7.63 million tons or 76.7% of 
all ferrous scrap exports. 

The tonnages and values of stainless steel 
scrap and alloy steel scrap (except stainless) 
exported from the five leading customs 
districts, according to the Bureau of the 
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Census, were as follows: 


. Customs value 
Quantity 


Area (short Total 
tons) (thou- een 
sands) 

Detroit, MI: 

Stainless steel 4,816 $3,366 $698.92 

Alloy steel 20,411 2,420 118.56 
Laredo, TX: 

Stainless steel 23 43 1,869.57 

Alloy steel 12,117 2,315 191.05 
Los Angeles, CA: 

Stainless steel 29,597 16.847 569.21 

Alloy steel 17,632 2,215 125.62 
New Orleans, LA: 

Stainless steel 24,749 12,777 516.26 

Alloy steel! 3,918 344 97.78 
New York, NY: 

Stainless steel 23,912 13,531 565.87 

Alloy steel 6,396 2,574 402.44 
Total or average: 

Stainless steel 83.097 46.564 560.36 

Alloy steel! 60.074 9.868 164.26 


Imports for consumption of iron and steel 
scrap containing no dutiable alloys totaled 
601,000 tons, valued at $45,620,000 and av- 
eraging $75.91 per ton. Imports from Cana- 
da equaled 93.5% of the total, and imports 
from Mexico equaled 4.1%. 


WORLD REVIEW 


Foreign shipbreaking activities continued 
to be significant contributors to the ferrous 
scrap supply, particularly in the Far East. 

In 1984, worldwide breakers demolished 
1,785 vessels totaling 19.9 million tons. Tai- 
wan, the world leader, broke 7.5 million 
tons, followed by the Republic of Korea with 
4.6 million tons, China with 2.3 million tons, 
and Japan and Pakistan with 1.3 million 
tons each. 

In 1985, scrapping continued at a high 
level in Taiwan, the Republic of Korea, and 
China because of the strong demand for 
rerolled steel products. 

Worldwide in 1985, 987 vessels were 
scrapped; tankers and combined carriers 
totaled 251 and represented 56% of the 
purchased tonnage, and 736 bulk carriers 
accounted for 44% of the purchased ton- 
nage. 

Prices paid by shipbreakers were in- 
fluenced by the type and size of the vessel. 
Chinese breakers paid approximately $105 
per ton; in Taiwan, very large cargo carriers 
(VLCC) and 30,000-ton bulk carriers sold for 
$90 to $96 per ton, and vessels under 4,000 
tons were bought for $80 per ton, while 
Turkish breakers paid $76 per ton for small 
tonnage vessels. 

Because of high labor costs and safety 


codes in Western Europe, demolition yards 
similar to those in the Republic of Korea 
and Taiwan were not economically feasible. 
Two French supertankers, the Botillus and 
the Bellamya, were sold for scrap in Octo- 
ber. One vessel went to Taiwan, and the 
other, to the Republic of Korea. 

The Government of Greece approved 
plans to build a new breaking yard in 
northern Greece at an estimated cost of 
$17.5 million. The Japanese Transport Min- 
istry encouraged shipbreaking by way of 
subsidies and the return of duty paid on 
vessels imported for scrapping. The Minis- 
try also had plans to use official develop- 
ment funds to construct shipbreaking yards 
in Burma, Indonesia, Malaysia, and the 
Philippines. Three Japanese VLCC were 
sold to a breaking yard in Hakodate Prefec- 
ture. A shipbreaking yard in Thailand was 
scheduled to start operation in December. 
The yard could scrap three VLCC annually. 
A new breaking yard started official oper- 
ation in September at Aliaca in the Izmir 
region of Turkey. In the startup period, five 
medium-sized tankers were scrapped. Ves- 
sels laid up in nearby Eleusis Bay and the 
Black Sea were acquired for $76 per ton. A 
1.1-million-ton-per-year steel plant was to 
be built near the Aliaca yard. 
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The Turkish shipping Zihni Group leased 
two Government-owned sites at Aliaca 
where a 1,000-ton-per-day-capacity breaking 
yard will be built in 2 years. 

The shipbreaking yard of H. Stewart 
(Metals) Ltd., at Birkenhread, United King- 
dom, continued in operation despite the loss 
of its main customer, the minimill of the 
Manchester Steel Group, at Bidston. 

The Government of India shortened the 
time to obtain a shipbreaking permit to 57 
days and readied a $27 per ton tax on ships 
imported for breaking. The state-owned 
Metal Scrap Trade Corp. (MSTC) actively 
sought 6,000- to 6,500-ton ships for breaking. 
MSTC was the sole buyer of vessels pur- 
chased for 90 breaking yards. However, in 
1984-85, MSTC supplied only 40 yards; the 
remaining yards remained idle. 

On February 1, 30 vessels averaging 5,500 
tons were laid up at Gadani, Pakistan, for 
scrapping. Because recovered plate was lim- 
ited to 0.5-inch thickness, only low-tonnage 
vessels were imported. In mid-May, a con- 
sortium of Greek shipowners agreed to sup- 
ply 20 to 25 vessels annually to Paki- 
stani breakers, whose import duty payment 
on vessels was increased 5% in May. 

In 1984, the revival in world demand for 
ferrous scrap benefited European proces- 
sors who found new markets in the Far 
East. Scrap collection in some European 
countries improved, thereby making 6.6 
million tons total available for export to 
developing countries. 

Worldwide, there were more than 500 
shredders whose operators’ major problem 
was finding sufficient supplies of feed mate- 
rials at the right price. 

Belgium.—Although export restrictions 
imposed by the Government had no effect 
on the total tonnage exported by Belgian 
processors, Belgian steelmakers demanded 
urgent action by the European Economic 
Community (EEC) to restrict EEC scrap 
exports. 

Brazil.—Brazil was the world’s largest 
producer of charcoal pig iron, a growing 
competitor of ferrous scrap. According to 
the Bank of Brazil’s foreign trade depart- 
ment (CACEX), exports of charcoal pig iron 
in 1984 were 2.76 million tons, reportedly 
Owing in part to the increased ferrous scrap 
shortage in the world market. The Far East 
received 60% of the country’s production; 
EEC countries obtained 20%; and the 
United States, 15%. 

Independent pig iron producers in Bra- 
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zil’s Minas Gerais State did not accept a 
70% price increase for charcoal to approx- 
imately $47 per ton. 

Canada.—On June 30, two 605-foot 
lakers, one built in 1957 and the other in 
1963, were sold to Cord Steel, Montreal, 
which resold them to a Curacao, West 
Antilles, shipbreaking facility. The ships 
left Montreal July 1 and were towed in 
single file by the tugboat Capt. Tonnais S. 

China.—Three delegations visited some 
U.S. ferrous-scrap-processing facilities in 
the United States to investigate recycling 
technology and equipment. The delegates 
made two contracts for purchasing a total of 
260,000 tons from the U.S. gulf region for 
approximately $105 per ton for exports to 
the ports of Tienchin and Xingang. A major 
problem in Chinese ports was the unloading 
of scrap from vessels at a speed common- 
place in the Far East; one solution was to 
receive scrap by vessels that would remain 
in China for scrapping. Because pig iron 
receipts could be unloaded at a rate faster 
than for ferrous scrap, purchases of pig iron 
stood at 1.0 million tons each from Brazil 
and Japan in 1985. Pig iron was shipped 
from three Japanese integrated steelmak- 
ers to China Metallurgical Import and Ex- 
port Corp. Three Chinese groups con- 
cerned with scrap purchases were the State 
Bureau of Supplies, the Ministry of Com- 
merce, and the Ministry of Metallurgy. 
Local governments were responsible for do- 
mestic scrap collection. Industrial scrap was 
returned for recycling by mandate. Private 
peddlers collected obsolete scrap predomi- 
nantly from households, and received pay- 
ment set by the Government’s collection 
stations where the scrap had to be sold. 
Thyssen Henschel of the Federal Republic 
of Germany sold several 1,250-ton-force 
scrap shears to Chinese steelworks. 

Czechoslovakia.—The state-owned scrap 
processor Kovosrot Brno obtained equip- 
ment and technology for a continuous detin- 
ning process developed and operated by the 
United Kingdom processor Vulcan Materi- 
als. The new plant was expected to convert 
30,000 tons annually of low-quality tinplate 
scrap into high-quality detinned steel scrap 
and high-grade secondary tin ingots. 

Denmark.—The newly-formed SR Scan- 
dinavian Recycling AB established a mar- 
keting arrangement with the E. Laursen 
Maskinfabrik A/S. Two shredders and two 
grinders in Denmark had a 4,250 total 
horsepower and a single-shift annual capac- 
ity of 75,000 tons. 
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European Communities (EC).—In late 
February, the European Committee of the 
National Ferrous Scrap Association re- 
jected an EC proposal for a ferrous-scrap- 
sale monitoring system because it would 
result in an advantage to U.S. scrap mer- 
chants. A below normal U.S. steel output 
further depressed European scrap prices. 
Nuova Campsider of Italy attempted to 
restrict Italian ferrous scrap exports. In a 
March 26 meeting, EC ministers for indus- 
trial affairs ruled out the possibility of 
ferrous scrap export controls. In 1984, fer- 
rous scrap consumption in the EC was less 
than 6% greater than that in 1983. The EC 
scrap supply situation eased because of 
lower prices prompted by the decrease in 
the dollar exchange rate. EC officials re- 
ported that EC steelmakers no longer faced 
supply shortages, although in some situa- 
tions the demand for low-residual scrap 
exceeded the supply. The main reason for a 
$30 per ton decrease in the British stainless 
steel scrap price was attributed to the 
strengthening of the pound sterling against 
the dollar. 

France.—In 1984, exports of ferrous scrap 
totaled 4.5 million tons, of which 2.1 million 
tons went to Italy. More than one-half of the 
French scrap iron consumption came from 
home scrap, and 5%, from imports. Imports 
in the first 8 months of 1984 totaled 364,000 
tons. Cie. Francaise de Ferailles planned to 
install one shredder in its Bordeaux yard 
and another in its Toulouse yard primarily 
to supply the Spanish ferrous scrap market. 
Metalinor, formed by the merger of Otto 
Lazar and Vidal & Champreddonder, be- 
came one of Europe’s biggest scrap dealers. 
The presence of new EAF's, notably in steel 
mills at Neuves-Maisons, Hagendange, and 
Valenciennes, reportedly could increase the 
annual domestic demand for scrap iron by 
1.1 million tons. 

Germany, Federal Republic of.—In late 
March, the Iron and Steel Industry Associa- 
tion filed a case against the EC Commission 
concerning its failure to prevent Italian 
subsidies on ferrous scrap imports. Other 
steel federations had not made similar ob- 
jections in late March. The short-term avail- 
ability of ferrous scrap eased, and there 
were no indications of a major turndown in 
supplies although higher quality grades 
were barely sufficient to meet demand. 
Steelmakers used 19 kilograms less scrap 
per metric ton of steel produced, bringing 
the average to 347 kilograms in the first 
half of 1985 because of the high price 
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of scrap in this time period. Beitrage zur 
Danziger Statistik, the West German scrap 
federation, reported 1.65 million tons of 
ferrous scrap exports in the first 5 months 
of 1985 and imports of 1.2 million tons. 

The EC Commission approved the acquisi- 
tion of Walter Trapp GmbH by Thyssen 
Sonnenberg, which gave the company a 
27% share of the West German scrap mar- 
ket and more than an 8% share of the EC 
trade. Thyssen AG merged its subsidi- 
aries Thyssen Sonnenberg (Duisburg) and 
Thyssen Carbometal Co. (New York) into a 
single company. Elg Haniel GmbH (Duis- 
berg) appointed Kinsho Mataich as Japa- 
nese sales agent for Elg’s stainless steel 
scrap, special steel scrap, and rare metal 
scrap. Kinshofer Maschinefabrik designed a 
hydraulic ram to handle thin-gauge scrap. 

India.—Imports of ferrous scrap were 
principally baled shredded because in past 
years some receivers obtained usable and 
rerolling material and fraudulently declar- 
ed it for assessed import duty as heavy 
melting steel scrap. Four tenders submitted 
to the MSTC, the last in early November 
1985, totaled 556,000 metric tons in the 
range of $116 to $128 per metric ton. Trad- 
ers included Nissho-Iwai Corp. from (Ja- 
pan), the Associated Minerals Consolidated 
Ltd. (United Kingdom), the Independent 
Bulk Commodity Trading Ltd. (United 
Kingdom), Krupp AG (Federal Republic of 
Germany), and Hugo Neu (United States). 
Receiving ports were Bhovnagar, Bombay, 
Calcutta, Kandla, Madras, and Vizagapat- 
nam. Most scrap was bought by MSTC, a 
Government agency, through tenders from 
a limited number of participants. Eventual- 
ly, the successful bidder had to establish an 
unconditional performance bond. Then, it 
often required 14 days until the seller had a 
workable letter of credit (LC) in hand, and 
during this time period, the seller decided 
on the source of scrap, the chartering of a 
vessel, and exchange transactions. India 
always includes a 180-day term in the LC 
and often converted U.S. dollars in the 
calculation of the sale price. 

Shipments to India were not the easiest. 
Recurring factors were port and vessel re- 
strictions, frequent congestion in ports, 
wildcat strikes, a shortage of trucks to 
receive the cargo directly from vessels, and 
the monsoon period in June through Au- 
gust. Substantial demurrage charges devel- 
oped from the foregoing factors. The latest 
development in scrap shipments to India 
was an indefinite quality control procedure 
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introduced by the MSTC, which dictated to 
the inspection company handling 100,000- 
ton minimum orders placed under tender 
T-11. 

Ireland.—Irish Steel Ltd.’s board consid- 
ered a partial or total closure of its works 
during a cashflow crisis in early 1985 be- 
cause of high scrap prices contracted in 
1984 that could not be passed along by way 
of higher steel prices. The firm had to pay 
$4.5 million more for scrap in the first half 
of 1985. 

Italy.—The decreased output of EAF steel 
was attributed to high scrap prices within 
the EC because of reduced levels of supply. 
Price was the deciding factor for Soviet and 
U.S. ferrous scrap contracts. Supplies from 
Middle East and African sources were insuf- 
ficient to meet the EAF demands. The 
decline in the dollar in October resulted in a 
15% decline in Italian scrap prices. Italy 
had 20 shredders with an annual single- 
shift capacity of 600,000 tons. 

Japan.—Major ferrous scrap traders were 
C. Itoh & Co. Ltd., Hyuka Sangyo, Japanese 
Kanematsu Gosho Ltd., Marubeni Corp., 
Mitsubishi Corp., Mitsui & Co., Nissho-Iwai, 
Okaya Koki, Sumitomo Corp., Takunam 
Seitetau, Tokyo-Takko, and Toyo-Menka. 

Domestically available ferrous scrap mov- 
ed in significant tonnages to steelmakers. 
Eight companies in the Kyushu region 
bought 105,000 metric tons in June and 
July. The companies were Nippon Steel 
Corp., Sumitomo Metal Industries Ltd., To- 
kai Steel Works Ltd., Kiyomato Tekko K.K., 
Showa Kogyo K.K., Nishinhon Seiko K.K., 
Nikon Chutanko K.K., and Hitachi Metals 
Ltd. In the February to November period, 
Nippon Steel bought 43,900 metric tons of 
domestic scrap, and Nippon Kokan Steel 
Corp. obtained 4,000 to 5,000 metric tons 
monthly from the Tokyo Yohahama area. 
The Kanto region in eastern Japan sent 
60,000 metric tons in April to the Humaji 
and Osaka areas. 

Japan had 50 shredders each rated at 
more than 1,000 horsepower and 54 shred- 
ders in the 100- to 800-horsepower range. 

In December, the Japan Steel Scrap Re- 
serves Association, a joint group of steel- 
makers and merchants, boosted local fer- 
rous scrap prices in the Kanto region. The 
average of 12 midmonth quotations of the 
Tex Report are shown for 5 types of ferrous 
scrap purchased in 1985 by major EAF mills 
in the Kanto region, in dollars? per metric 
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ton and using Japanese scrap-trade termi- 
nology, were as follows: 


Type Price 
Cut and pressed -` ------------- $112.52 
Extra speciall „ 112.45 
Special Gg 105.70 
Turning& A ----------------—- 90.89 
Press Al poe te rS LED 80.41 


The delivered price for H-2 scrap to seven 
areas of Japan, as reported in the Tex 
Report, January 9, 1986, and in dollars per 
metric ton, were as follows: 


Area Price 

Fenn... 8 3113.05 
Chungoku-Shikoakuuuu ----------- 108 43 

n!! A aee 108 21 
Kanto ose ⅛ĩ˖˙ ⁰⁰ꝛ Se 105 22 
( ⁵³˙iwmAA TTT 99 90 
( nor uomen c 99.72 
Hakkaido ` 98 00 


Dealer quotations for SUS 18/8 Sabot- 
grade stainless steel scrap in dollars per 
metric ton cost, insurance, and freight (c.i.f.) 
Japan, were obtained from all relevant 
issues of the Tex Report in 1985. The 
average of 183 quotations for Hong Kong 
cargo was $628.90; for 178 quotations for 
U.S. cargo from the west coast, the average 
was $630.92. 

The Tex Reports for 1985 published 54 
instances of f.o.b. values and freight rates of 
ferrous scrap exported from the U.S. east 
coast and 54 instances of f.o.b. values and 
freight rates for the U.S. west coast. Data in 
dollars per ton were as follows: East coast 
exports averaged $77.56 f.o.b. in a range 
from $72.46 to $84.39, and freight averaged 
$16.48 in a range from $12.73 to $19.64. 
Exports from the U.S. west coast averaged 
$79.71 f.o.b. in a range from $75.38 to $87.05, 
and freight averaged $14.07 in a range from 
$13.39 to $14.73. 

Pig iron imported by Japan in 1985 to- 
taled 747,579 metric tons (equal to 23.0% of 
the tonnage of all ferrous scrap imports), 
averaging $132.83 per metric ton. The Re- 
public of South Africa supplied 299,991 tons 
at $122.74 per ton, and Brazil supplied 
140,967 tons at $139.64 per metric ton. 

Imports of all types of ferrous scrap in 
1985 totaled 3,253,534 metric tons averaging 
$125.09 per ton, according to the Japan Iron 
and Steel Federation in the Tex Report of 
March 14, 1986. 
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According to the Bureau of the Census, 
U.S. Department of Commerce, exports of 
11 grades of U.S. ferrous scrap to Japan 
totaled 2,110,086 tons averaging $94.37 per 
ton. The U.S.S.R. was the second largest 
supplier of ferrous scrap to Japan with 
400,241 metric tons averaging $98.96 per 
metric ton. 

According to the Tex Report of February 
19, 1986, quantity and average value of 
Japanese exports of pig iron and ferrous 
scrap, in metric tons and dollars per metric 
ton, were as follows: 


Material Quantity Average 
Pig iron- - ee 1,066,307 $125.45 
Scrap: 
Cast iron 5,937 103.51 
Steel 7 oro NA 189.86 
Alloy steel! 458 181.62 
NA Not available. 


Japanese exports of pig iron to China 
totaled 1,003,889 metric tons valued at 
$124.49 per ton. 

Production of pig iron was about 79.0 
million metric tons, and of raw steel, about 
103.6 million, both down from the levels in 
the p ing fiscal year. EAF raw steel 
production equaled 30.2 million metric tons. 
Stocks of ferrous materials (pig iron and 
scrap iron) totaled 5.5 million metric tons, 
up from 4.8 million tons at the end of fiscal 
year 1984. 

Missions for the Japanese stainless steel 
industry to study ferrous-scrap-processing 
operations spent April 27 to May 13 in the 
United States and Brazil. A mission from 
the Kansai Scrap Association was in the 
United States on May 14. These missions 
were planned to continue indefinitely at 
8-month intervals. 

Korea, Republic of.—According to the 
Korean Iron & Steel Association, EAF steel 
production totaled 4.25 million metric tons 
in 1985 and 3.84 million in 1984; converter 
raw steel production totaled 9.28 million 
metric tons in 1985 and 9.20 million in 1984. 
EAF mills were operated by Dongkuk Steel 
Mill Co. Ltd., Hanbo Steel Co. Ltd., Inchon 
Iron & Steel Co. Ltd., and Kang Won 
Industries. Imports of steel scrap were 2.76 
million metric tons for melting and 0.80 
million for rerolling; respective tonnages in 
1984 were 2.32 million and 0.79 million. 
Monthly average stocks of ferrous scrap 
were 238,000 metric tons in 1985 and 
185,000 in 1984. Domestically purchased 
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scrap in 1985 for melting totaled 2.16 mil- 
lion metric tons and 1.94 million in 1984. 
Netherlands.—The new European S ter- 
minal operated by the Dutch stevedoring 
company Dalmeijer's Metalen BV was ex- 
to attain, in 3 years, an annual 
throughput of 1.5 million metric tons. The 
terminal has four cranes and can load two 
60,000-ton cargoes simultaneously. In 1985, 
only grades OA, No. 1, No. 2, and shredded 
were handled. A ninth shredder started 
operation in the Netherlands bringing total 
horsepower to 11,100 and annual single- 
Shift capacity to 450,000 metric tons, rough- 
ly equal to the amount of feed available. 
South Africa, Republic of.—National 
Metals, a ferrous and nonferrous scrap 
processor, installed equipment on a site 
near Pretoria owned by state-owned steel- 
maker South African Iron and Steel Indus- 
trial Corp. Ltd. (Iscor). The steelmaker had 
no equity in the operation and was not 
obliged to take scrap from National Metals. 
Domestic steelworks annual consumption 
was expected to reach 2.5 million tons in 
1986, 2.5% more than total overall domestic 
scrap. Some of the shortfall will be met by 
sponge iron costing $75 per metric ton 
compared with $45 per ton for high-grade 
ferrous scrap. In mid-1986, Iscor exported 
heavily from its substantial ferrous scrap 
stockpile. Since 1977, Iscor and Korf Stahl 
AG developed modification of a direct- 
reduced-iron (DRI process using South Afri- 
can noncoking coal. Other steelmakers pro- 
ducing coal- based DRI were Dunswart, op- 
erating a 140,000-ton-per-year Codir plant 
supplied by Krupp, and Scaw Metals Ltd., 
producing 90,000 tons annually in a Direct 
Reduction Corp. DRI plant. Union Steel 
Corp.'s Vaal works operated the only gas- 
based DRI plant using synthetic gas from 
the nearby Sasol plant. Davsteel (Pty.) Ltd. 
made DRI in a converted small rotary kiln. 
Spain.—In the first 9 months of 1985, 
imports of ferrous scrap totaled 4.0 million 
metric tons. The United Kingdom supplied 
2.1 million tons; France, 0.9 million; the 
United States, 0.7 million; and the U.S.S.R., 
0.3 million. Beginning January 1, 1986, 
Spanish steelmakers must pay a 12% value- 
added tax (VAT) on imported ferrous scrap 
instead of the current 2% duty. The number 
of steel foundries decreased from 66 in 1977 
to 53 in 1983, thereby reducing the annual 
output from 160,000 tons to 150,000 tons, 
and the number of employees by 12%. The 
Spanish scrap industry declared impractical 
a proposal to concentrate the buying of 
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ferrous scrap by a Government agency. The 
Spanish steelmaker Empresa Nacional 
Siderürgica S.A. sold 175,000 tons of ferrous 
scrap in both 1983 and 1984. The firm 
adhered to a 1-year-old policy and bought no 
scrap from either domestic or foreign 
sources in 1985, according to Metales y 
Máquinas. 

Taiwan.—Imports of ferrous scrap were 
stagnant in February 1985; only state-run 
plants with sufficient funds or other mills, 
compelled to make purchases, were in the 
market. Several influential EAF mills were 
consolidated to make radical changes in the 
supply-demand situation, and only minor 
imports of scrap were made. In early No- 
vember, a reduction of import duty stimu- 
lated scrap imports. 

Turkey.—In November, Cukorova's Alia- 
ca works became Turkey's largest electric 
steelmaker with an annual capacity of 1.0 
million metric tons, although the 1984 out- 
put of raw steel was only 0.4 million metric 
tons. The Habas Group was installing two 
75-ton EAF's at Izmir. Asil Celik, almost 
entirely state-owned and Turkey’s principal 
specialty steelmaker, experienced serious 
financial problems. In 1985, Asil bought 
about 100,000 metric tons of scrap from the 
United States, the United Kingdom, and the 
Federal Republic of Germany. Plans were 
under way to buy 40,000 tons of domestic 
scrap in 1986, up 18,000 tons from those in 
1985. 

United Kingdom.—The increased use of 
EAF's helped maintain a strong domestic 
demand for ferrous scrap. The steel indus- 
try's scrap stocks were 450,000 metric tons 
at yearend 1984 compared with 858,000 
metric tons in 1980. In August, the British 
Steel Corp. (BSC) announced a 3-year strate- 
gic plan that could lead to a fundamental 
shift in scrap purchasing in the United 
Kingdom. BSC expected to use more scrap 
to reduce its reliance on blast furnaces. 

The United Kingdom exported about 5096 
of its total available ferrous scrap. Quantity 
and average value of ferrous scrap exports 
during the first 11 months of 1985, in 
thousand metric tons and dollars per ton, 
were as follows: 


' : Average 

Material Quantity value 
Iron and steel 3.823 $71.65 
Cast iron 292 71.58 
Stainless steel 30 456.67 
Alloy steel 14 614.29 


In this 11-month period, total exports to 
developing countries totaled 3,527,000 met- 
ric tons and averaged $73.89 per metric ton. 
In the first half of 1985, total exports were 
2,479,000 metric tons, of which 59.9% went 
to Spain, 11.2% to Sweden, 4.6% to the 
German Democratic Republic, 3.7% to the 
Federal Republic of Germany, and 19.6% to 
all other countries. The unexpected very 
large exports of U.S. scrap in August 1985 
(an all-time high monthly record) affected 
the British traditional markets in Europe 
and the Mediterranean area. The managing 
director of a British exporter, Mayer New- 
man and Co. Ltd., claimed that port dues 
and other high costs drove exports away 
from British shippers to European competi- 
tors. A 32,000-metric-ton cargo of shredded 
scrap sank in the Red Sea enroute to India. 
The $4 million cargo was shipped by Shep- 
pard Waste Recovery Ltd. from Liverpool. 

The British Scrap Federation (BSF), in 
February, asked British steelmakers to put 
political pressure on Italy and Spain to 
remove their subsidies on scrap imports. 
Two major protagonists who complained to 
the Department of Trade and Industry 
about an anticipated lack of ferrous scrap 
set up their own processing and marketing 
subsidiaries. 

Billiton (U.K.) Ltd. reorganized its Billi- 
ton International Metals BV ferrous busi- 
ness by locating to a quayside site on the 
Manchester Ship Canal at Irwell Park, 
Eccles. The Hulbert of Dudley scrap metal 
division, after 50 years of trading mostly in 
the Midlands, entered the bulk export mar- 
ket. Hulbert chartered its own vessels to 
ship 1,000- to 2,000-ton cargoes of graded 
steel scrap to the Mediterranean area and 
to move container lots to continental users. 
Such low-tonnage cargoes were requested 
by customers who maintained low invento- 
ries to improve their cash-flow situation. 
London Metals moved its activities to larger 
premises in Cannonburg, North London. A. 
R. Brown, McFariane & Co., acquired the 
scrap exporter Arnott Young Ltd. from 
Tarmac Roadstone Holdings Ltd. Arnott 
Young will continue to trade under its own 
name from its dock at Dalmuir, Clydebank. 
BSC and other British steelmakers asked 
their suppliers to accept unchanged prices 
for September 1985 scrap deliveries. BSC 
reduced its surcharge from $28 to $13 per 
metric ton in line with the downward drift 
of ferrous scrap prices. The surcharge was 
calculated using Metal Bulletin’s Ferrous 
Scrap Market Index. Scrap prices strength- 
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ened in December because of rising exports 
and local shortages in the United Kingdom. 
Spanish steelmakers built up stockpiles pri- 
or to Spain’s entry into the EC when Span- 
ish receipts would be subject to higher taxes 
effective January 1, 1986. Rising prices for 
ferrous scrap, pig iron, and foundry coke 
were blamed for British foundries’ increas- 
ed costs, according to the British Foundry 
Association (BFA). BFA claimed that sup- 
pliers of pig iron and foundry coke enjoyed a 
virtual monopoly because they were mainly 
“nationalized industries." 

A report by Marketing Strategies for 
Industry, entitled “MSI Data Base: Found- 
ries and Castings, United Kingdom, July 
1985," and a survey by a Department of 
Trade and Industry’s Business Statistics 
Office disclosed that over one-half of British 
iron foundries terminated production in the 
1974-83 period. The annual output of cast- 
ings decreased from 3.45 million metric tons 
to 1.45 million metric tons in the same time 
period. Productivity per person per year fell 
marginally to 39 metric tons, probably re- 
flecting a trend to lighter, higher value 
castings. The ferrous scrap industry com- 
prised 400 BSF members and about 9,500 
registered scrap dealers. The 400 members 
operated 70 fragmentation plants, 300 
shears ranging from 300 to 2,000 tons of 
shear force, and hydraulic balers whose 
annual capacity was 400,000 metric tons of 
No. 1 bales. A new inland scrap-loading 
wharf on the River Trent at Readby, Hum- 
berside, was managed by the Associated 
Waterway Services Ltd. Four ‘purpose- 
built” scrap bundlers were installed in the 
Tipton Works of Firth Cleveland Steel Strip 
Ltd. Edgar Allen Developments Ltd. design- 
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ed a shredder that could handle automo- 
biles and domestic appliances without the 
need for precrushing or shearing. Sheppard 
Waste Recovery at Rochdale ordered a large 
shear from Thyssen Henschel of the Federal 
Republic of Germany costing about $2.7 
million. 

Modifications to British iron and steel 
scrap specifications became effective No- 
vember 1 following months of discussions 
involving the BSF, BSC, and British Inde- 
pendent Steel Producers Association 
(BISPA). The modifications included the 
views of the BFA. In summary, 4 general 
conditions were applicable to 26 grades of 
scrap. These modifications replaced those of 
August 1980. 

U.S.S.R.—Much scrap for export tended 
to be hand sorted, and the quality reported- 
ly was generally good. The Soviet’s selling 
policy did not appear to follow usual com- 
mercial practice; accordingly, the Spanish 
steel industry built up a barter scheme for 
scrap movements. The U.S.S.R. trade organ- 
ization Promsyrioimport sent 20,000 metric 
tons of scrap from a Black Sea port to Japan 
at $100 per ton c.i.f. Generally, Soviet scrap 
to Japan originated at Siberian ports. 

Venezuela.—Ferrous scrap imports at 
600,000 tons per year were predicted to 
decrease to 200,000 tons in the next few 
years as the domestic production of DRI 
increased. DRI output is currently limited 
because the only merchant plant, operated 
by Fior de Venezuela S.A., concentrates on 
the export market. C.V.G. Siderürgica del 
Orinoco C.A.’s Hojalata y Lamina S.A. DRI 
facilities continued to have technical oper- 
ating problems. 


TECHNOLOGY 


The Consteel continuous steelmaking 
process permits the use of purchased fer- 
rous scrap having various qualities, limited 
preparation, and maximum dimensions. 
Generally, 2- by 2-foot scrap can be charged 
continuously; when factory bundles are sim- 
ilarly charged, the preheating efficiency 
decreases. Intersteel Technology Inc., Char- 
lotte, NC, is the vendor of the process.* 

More than 200 tons of scrap iron from the 
Statue of Liberty and Ellis Island was 
converted into metal powders destined to 
make commemorative souvenirs; the con- 
version was done by the Hoeganaes Corp., 
Riverton, NA: 

The current use of galvanized ferrous 


scrap in EAF operations produces 0.5 mil- 
lion tons of dust and fume annually, mostly 
comprising iron oxides. These solids are 
trucked to conventional landfills. By 1988, 
this tonnage is predicted to reach 3.0 mil- 
lion tons per year as electrogalvanized steel 
production lines are increased to double the 
output of galvanized products. The fabrica- 
tion of such products will increase the zinc 
content of home scrap and industrial-grade 
bundled scrap. The EPA now designates 
EAF dusts and fumes produced during the 
melting of galvanized scrap as hazardous 
because of their contained cadmium, lead, 
and zinc. Currently, the total of these three 
metals is limited to 1,000 kilograms per 
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month per melting furnace. Because the 
smelting of the collected dusts and fumes to 
reclaim these metals is impractical, larger 
haulage costs to special landfills are inevita- 
ble. Further, pelletized dust, although high 
in iron oxide content, cannot be added to 
blast furnace burden because it forms scabs 
and causes spalling of the refractory lining. 

Currently, industrial scrap bundles are 
the principal source of the zinc contami- 
nant. Zinc contamination from an automo- 
bile hulk is relatively small owing to the 
oxidation of zinc metal to zinc oxide during 
the vehicle's lifetime.* 

The Center for Metals Production and the 
America Iron and Steel Institute (AISI) 
planned research that focused on the recy- 
cling of EAF dust and fumes back into the 
EAF. The purpose is to increase the concen- 
tration of zinc and other metals in the 
dust and fumes to enhance their economic 
recovery. Other research on recovery of 
zinc from steel plant dusts was reported at 
the "International Symposium on Recycle 
and Secondary Recovery of Metals." The 
processes are designed for zinc recovery by 
leaching techniques.* 

NARI and the Bureau of Mines extended 
an agreement, terminating in May 1987, for 
research on scrap metal recovery, process- 
ing, and technology. The agreement provid- 
ed for the development and exchange of 
information relating to the processing of 
scrap metal and waste, and the rapid identi- 
fication of components.* 
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Phoenix Metals Corp., Plymouth, MI, 
planned the startup of a 20,000-ton-per-year 
plant to convert machine shop turnings into 
powder suitable for making powdered metal 
parts and welding electrodes. This plant 
will use a comminution process licensed 
from the Ford Motor Co. 

Preliminary results of joint research con- 
ducted by the U.S. Department of Energy 
and ISIS indicated that untreated shredder 
scrap residues have the energy equivalent 
of low-grade bituminous coal. These resi- 
dues could be suitable for steam generation 
in equipment using specially designed com- 
bustion controls. Combustion of the residues 
results in no emission problems; however, 
data on the stability of the heavy metals 
content in the resulting ash was incom- 
plete." 


Physical scientist, Division of Ferrous Metals. 
Wing quantities are in short tons unless otherwise speci- 


Where necessary, values have been converted form 
Japanese yen (Y) to U.S. dollars at the rate of 
Y237 = US$1.00. 

‘American Metal Market. V. 98, No. 25, Feb. 6, 1985, 


. 12. 
2 . V. 98, No. 104, May 30, 1985, p. 8. 
Recycling Today. V. 23, No. 6, June 1985, p. 74. 
* American Metal Market. V. 94, No. 1, Jan. 2, 1986, p. 8. 
"Phoenix Quarterly. V. 17, No. 4, Winter 1986, p. 11. 
°Taylor, P. R., H. Y. Sohn, and N. Jarrett. Paper in 
Proceedings of the International Symposium on 
and Secondary Recovery of Metals. Metall 
pp. 148-157, 195-201. 
*Work cited in footnote 4. 
1993 Metal Producing. V. 23, No. 4, Apr. 1985, p. 53. 
3 Metal Market. V. 93, No. 100, May 23, 1985, 
p. 9. 


IRON AND STEEL SCRAP 


587 


Table 2.—U.S. consumer receipts, | pea aden shipments, and stocks of iron and steel 


Grade 


Carbon steel: 
Low-phosphorus plate and 
punchings : 
Cut structural and plate 
No. 1 heavy melting steel 
No. 2 heavy melting steel ` 
No. 1 and electric-furnace 
bundles — 
No. 2 and all other bundles 
Electric furnace, 1 foot and 
under (not bundles) 
Railroad rails 
Turnings and borings . 
Slag scrap (70% Fe content) 
Shredded or fragmentized 
No. 1 busheling 
All other carbon steel scrap 
Stainless steel scrap 
Alloy steel (except stainless) 
Ingot mold and stool scrap 
Machinery and cupola cast iron 
Cast-iron borings : 
Motor blocks 
Other iron scrap 
Other mixed scrap 


Carbon steel: 
Low-phosphorus plate and 
punchings. .. 
Cut structural and plate 
No. 1 heavy melting steel 
No. 2 heavy melting steel 
No. 1 and electric-furnace 
bundle .... ...... 
Electric furnace, 1 foot and 
under (not bundles) .... 
ilroad rails `. 
Turnings and borings 
Slag scrap (70% Fe content)_ 
Shredded or fragmentized_ _ 
No. 1 busheling -------- 
All other carbon steel scrap_ 
Stainless steel scrap _____ __ 
Alloy steel (except stainless) 
Ingot mold and stool scrap _ _ _ 
Machinery and cupola cast iron 
Cast-iron borings . _ 
Other iron scrap _________ 
Other mixed scrap ________ 


scrap and pig iron in 1985, by grade 
(Thousand short tons) 
Receipts of scrap Production of home scrap 
Obsolete Consump- 
Recircu- scrap(in- tion of both 
From From lati cludes in- purchased Shi di 
brokers, other iieri got molds, and home hip- Ending 
dealers, own- cen] dé stools, ecrap (in- mentsof stocks, 
icd com- Cans n from cludes re- scrap Dec. 31 
outsi pany current old equip- circulating 
op 
sources plants erations men scrap) 
ings, etc.) 
MANUFACTURERS OF PIG IRON AND RAW STEEL AND CASTINGS 
331 3 4 336 5 21 
858 192 382 12 1,523 16 102 
8.062 1,368 8.565 143 16.941 1.297 1,107 
2,560 234 920 4 3.604 126 291 
5,246 227 1,597 j 7,072 476 402 
1,015 36 11 (1) 1.105 88 
40 46 25 HM 97 l 24 
169 1 2 222 2 2 
782 10 266 l 1,069 14 76 
542 122 2,452 l 2,815 306 184 
2,774 1,188 175 4,043 129 264 
1,296 32 185 l 1,466 116 77 
1,800 660 6,382 11 8.149 840 596 
512 21 478 (1) 1,000 19 16 
126 162 1,019 l 1,256 94 229 
274 232 549 773 1,443 411 314 
2 4 ] 5 6 1 
106 (!) 7 1) 89 26 11 
i (1) : (*) 
163 96 456 l 528 169 75 
210 74 128 6 437 3 22 
26,866 4,701 23,605 962 93,201 4,063 3,964 
MANUFACTURERS OF STEEL CASTINGS 
488 2 119 A" 566 (*) 43 
125 27 14 oe 172 Li 10 
61 WM 50 NM 111 "e 8 
131 e 1 a2 140 a 4 
11 1 m BS 8 T () 
48 1 6 (7) 55 1 3 
4 EE n e 3 nt 1 
32 Lt 11 zu 40 2 1 
ES E a) PUE " N SE 
28 a m » 28 Ss (*) 
13 DN = ME 8 NI 2 
311 67 116 2 474 4 45 
20 1 18 (OC) 35 1 1 
59 Si 141 1 198 3 57 
9 za. a) M 9 (*) 0) 
(4) Se 1 Ss 8 2 0) 
67 vn 33 Ss 87 Ex 9 
105 E 31 (7) 127 4 23 
3 p 9 Gen 12 Se (3) 
1,517 100 549 2 2,075 15 213 


See footnotes at end of table. 
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Table 2.—U.S. consumer receipts, production, shipments, and stocks of iron and steel 
scrap and pig iron in 1985, by grade —Continued 


(Thousand short tons) 


Receipts of scrap Production of home scrap 


Recircu. Scrap (in · tion of both 
brokers, other lating melds, D'A Ship Ending 
Grade dealers: own- 150 stools, pase (ine stocks, 
rier? com- SN serap from uae re- 
outaide pany current o old equip ci ting 
plants eA. ns scrap) 


ings, etc.) 


IRON FOUNDRIES AND MISCELLANEOUS USERS 


Carbon steel: 
Low-phosphorus plate and 
punchings - - -------- 1,005 113 298 10 1,349 11 141 
Cut structural and plate 1,154 6 108 NI 1,309 1 59 
No. 1 heavy melting steel 112 46 289 NT 197 244 20 
No. 2 heavy melting steel 241 SES 23 -- 271 1 6 
No. 1 and electric-furnace 
bundle 113 151 43 NE 317 S 9 
No. 2 and all other bundles _ 189 78 a) MM 266 (è) 28 
Electric furnace, 1 foot and 
under (not bundles _ __ 30 3 7 m 36 ee 3 
Tarain and borings’< 45 5 2 E 453 3 52 
rnings rings 
Slag scrap (70% Fe content). 11 M Ee Ss 9 2 2 
or fragmentized _ - 992 159 114 ae, 1,271 3 72 
No. 1 busheling - ------- 447 70 123 NT 629 (*) 18 
All other carbon steel scrap _ 366 2 22 m 412 4 51 
Stainless steel scrap |... 21 "A 1 (3) 31 4 2 
Alloy steel (except stainless) 29 HUN 4 5 34 5 15 
Ingot mold and stool crap 124 12 153 () 307 4 52 
CUR ena and cupola cast iron 889 8 261 20 1.166 23 59 
Cast-iron boring 977 280 85 1 1,306 31 52 
Motor block 466 29 825 zx 1,301 25 52 
Other iron scrap _________ 702 183 2,512 1 3,459 53 128 
Other mixed scrap -------- 508 39 337 26 890 21 96 
Total? |. 8978 1,182 5,263 61 15,217 449 921 
TOTAL—ALL TYPES OF MANUFACTURERS 
Carbon steel: 
Low-phosphorus plate and 
ching 1.824 114 420 14 1 16 205 
Cut structural and plate 2.138 503 12 3.005 17 171 
No. 1 heavy melting steel 8.236 1,415 8,903 143 17,249 1,541 1.134 
No. 2 heavy melting steel 2,938 234 943 4 4,016 121 301 
No. 1 and electric-furnace 
bundles 5,370 379 1,641 3 7,397 476 411 
No. 2 and all other bundles 1,204 114 12 (!) 1,312 8 115 
Electric furnace, 1 foot and 
under (not bundles) _ _ 119 49 31 NI 188 2 30 
Railroad rails 307 1 10 E 365 4 14 
Turnings and borings . ___ 1,269 15 282 5 1,561 2A 129 
Slag scrap (70% Fe content) 553 122 2,454 1 2,824 308 186 
Sh or fragmentized _ _ 3,794 1,347 175 um 5,342 132 336 
No. 1 busheling 1,756 102 299 1 2,103 117 96 
All other carbon steel scrap _ 2,477 129 6,620 13 9,095 849 693 
Stainless steel scrap __ __ _ __ 558 23 503 (3) 1,066 24 85 
Alloy steel (except stainless) 215 162 1,164 6 1,488 101 301 
Ingot mold and stool scrap _ _ _ 406 244 703 773 1.759 416 366 
Machinery and cupola cast iron 892 8 212 21 1,174 29 60 
Cast-iron boring 1,150 280 124 2 1,482 57 73 
Motor blocks 466 29 825 ed 1,302 25 53 
Other iron cra?z 970 278 3,059 2 4,115 225 
mixed scrap .. 720 113 474 32 1,339 30 118 
Grand total? 37,362 5.983 29,416 1,032 70,493 4,527 5,104 
Lees than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 
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Table 3.—U.S. consumer receipts, production, consumption, shipments, and stocks of pig 
iron and direct-reduced iron in 1985 


(Thousand short tons) 
; Produc- Consump Ship- Stocks, 
Receipts tion tion ments Dec. 31 
MANUFACTURERS OF PIG IRON AND RAW 
STEEL AND CASTINGS 
i nh Pe at a, le ete 1,074 49,963 49,833 1,287 188 
MANUFACTURERS OF STEEL CASTINGS 
Pig iron eo Ro ete y EE iL 71 Se 68 () 4 
IRON FOUNDRIES AND MISCELLANEOUS USERS 
Pig iron- ncc ³ÜW¹ w 8 1,566 TEN 1,510 69 72 
TOTAL—ALL TYPES OF MANUFACTURERS 
Pig iron so hie ed ag 2,711 49,963 51,411 1,356 2266 
Direct reduced or prereduced iron 359 he 349 W 52 


W Withheld to avoid disclosing company proprietary data. 
Less than 1/2 unit. 
Data do not add to total shown because of independent rounding. 


Table 4.—Consumption of iron and steel scrap and pig iron in the United States 
in 1985, by type of furnace or other use 


(Thousand short tons) 
5 of Manufacturers Iron Total 
ep Te steel'and of steel Sec uei. and all ty pes! 
Type of furnace : casti miscellaneous users 
or other use castings — NN 99 y MN HN IET 
Pig Pig Pig 
Scrap iron Scrap iron Scrap iron Scrap iron 
Blast furnace!“ 2,481 um wie NS Sieg Ge 2,481 
Basic oxygen process: _ __ 15,339 44,515 * 8 a Sie 15,339 44,515 
Open-hearth furnace 2.411 4.737 W W e ED 2.411 4.737 
Electric furnace d 32.252 5 1.965 68 4,411 430 38,628 503 
Cupola furnace __________ 20 73 110 E 10,330 421 10,459 901 
Other ( including air furnace)* . 698 37 an Së 477 19 1,175 56 
Direct castings - -- -----—- x 468 AES yas SE 633 Ae 1,101 
Total! 252 cr 53,201 49,833 2,075 68 15,217 1,510 70,493 51.411 


W Withheld to avoid disclosing company proprietary data; included with “Electric furnace.” 

1Data may not add to totals shown because of independent rounding. 

Includes consumption in blast furnaces producing pig iron. 

*Includes scrap and pig iron processed in metallurgical blast cupolas and used in oxygen converters. 
*[ncludes vacuum melting furnaces and miscellaneous uses. 

5Includes ingot molds and stools. 


Table 5.—Proportion of iron and steel 
scrap and pis iron used in furnaces in the 


nited States in 1985 
(Percent) 
Type of furnace Scrap Pig iron 
Basic oxygen process 25.6 74.4 
soar urnacke 33.7 66.3 
Electric furnace e 98.7 1.3 
Cupola furnace_------------- 95.4 4.6 
Other (including air furnace! 95.5 4.5 
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Table 6.—Iron and steel scrap supply' available for consumption in 1985, 


by region and State 
(Thousand short tons) 
, Production of Home 
Receipts of Scrap Scrap 
Obsolete 
g Se (includes ao 
rom ircu- ingot Shi > 
1 brokers, From lating molds, Total ments avail- 
Region and State dealers other scrap stools, new of able for 
and own- resulting and supply” scrap? con: 
other company from scrap from sump- 
outside plants current old tion 
sources operations equipment, 
buildings, 
etc.) 
New England and Middle Atlantic: 
Connecticut, Maine, Massachusetts, 
New Hampshire, New Jersey, 
New York, Rhode Island 1,352 88 391 10 1,840 117 1,723 
Pennsylvania ------------- 4,498 818 4,629 278 10,224 1,280 8.944 
Total... 5,850 906 5,020 288 12,064 1,398 10,666 
North Central: 
Henger ata aL D 3.916 995 2,239 72 7.221 175 7.047 
Indiana- ---------------- 3,203 197 6,760 236 10,396 1.038 9,358 
lowa, Kansas, Michigan, Minneso- 
ta, Missouri, Nebraska 5,876 984 3,579 31 10.470 224 10.246 
IT EEN 4,897 1,235 4,690 207 11.029 1,193 9,837 
Wisconsin --------------- 655 2 444 Mt 1,100 1 1,093 
teg heic 18,546 3,413 17,711 546 40,217 2,636 37.580 
South Atlantic: 
Delaware, Florida, Georgia, 
Maryland. North Carolina, 
South Carolina, Virginia, 
West Virginia. 4,154 226 2,602 59 1,042 156 6,885 


Alabama, Arkansas, Kentucky, 
Louisiana, Mississippi, 
Oklahoma, Tennessee, 
Tess. z 6.208 1.126 3.011 86 10.432 276 10.156 
Mountain and Pacific: 
Arizona, California, Colorado, 
Hawaii, Montana, Nevada, 


Oregon, Utah, Washington 2,602 311 1,072 53 4,040 60 3,979 
Grand total? ___________ 37.362 5.983 29.416 1.032 73.792 4.527 69.266 


iNew supply available for consumption is a net figure computed by adding production to receipts and deducting scrap 
shipped during the year. The plus or minus difference in stock levels at the beginning and end of the year is not taken 
into consideration. 

"Data may not add to totals shown because of independent rounding. 

Includes scrap shipped, transferred, or otherwise disposed of during the year. 


Table 7.—U.S. consumption of iron and steel scrap and pig iron! in 1985, by region and 
tate 


(Thousand short tons) 
Pig iron and Iron foundries 
steel ingots Steel castings and miscella- Total? 
Region and State and castings neous users 


Scrap Pig iron Scrap Pig iron Scrap Pig iron Scrap Pig iron 


New England and Middle Atlantic: 
Connecticut, Maine, Massachusetts, ; 
New Hampshire, New Jersey, 
New York, Rhode Island ...... 1.103 (3) 64 1 624 45 1,790 47 


Pennsylvania 7.898 6.341 155 8 1.124 426 9.177 6.775 
Total. cote ce Led 9.001 6.341 219 9 1,748 471 10.967 6.822 


See ſoot notes at end of table. 


IRON AND STEEL SCRAP 591 


Table 7.—U.S. consumption of iron and steel scrap and pig iron’ in 1985, by region and 


State —Continued 
(Thousand short tons) 
Pig de and Gen ei La aa ig SS? 
: steel ingots teel castings and miscella- 
Region and State and castings neous users 


Scrap Pig iron Scrap Pig iron Scrap Pig iron Scrap Pig iron 


North Central 
Hie ee ES 5,723 2,488 169 (3) 1,264 214 7,155 2,702 
Indiana 8.644 15,926 159 42 791 48 9,593 16,016 
Iowa, Kansas, Mic , Minne- 
sota, Missouri, Nebraska a 5,676 4,640 389 1 4,193 518 10,258 5,159 
Ohlo use W A8 7,094 9,600 263 10 2,643 91 10,001 9,700 
Wisconsin _______________ =e aes 129 1 971 50 1,101 
Not 27,187 32,654 1.108 54 9,862 921 38,108 33,629 
South Atlantic: 
Delaware, Flori rgia, 
A by North Carolina, 
South Carolina, Virginia, = 
West Virginia 5,614 W 27 W 1.274 31 6,915 31 
South Central: 
Alabama, Arkansas, Kentucky, 
Louisiana, Mississippi, 
Oklahoma, Tennessee, 
i) | oon om 8,158 10,837 331 45 1,939 74 10,428  *10,916 
Mountain and Pacific: 
Arizona, California, Colorado, 
Hawaii, Montana, Nevada, 
Oregon, Utah, Washington 3,291 W 389 W 394 11 4,015 11 
Grand total?_________- 53,201 49,833 2,075 68 15,217 1,510 70,498 51,411 


W Withheld to avoid disclosing company proprietary data; included with ''South Central" region. 
‘Includes molten pig iron used for ingot molds and direct castings. 

*Data may not add to totals shown because of independent rounding. 

Lees than 1/2 unit. 

“Includes South Atlantic, Mountain and Pacific regions. 


Table 8.—U.S. consumer stocks of iron and steel scrap and pig iron, December 31, 1985, 


by region and State 
(Thousand short tons) 
Carbon 
steel (ex- Stain- Alloy steel Cast iron Other Total Pig iron 
Region and State cludes re- less (excludes (includes grades of scrap b dern 
rolling steel stainless) boringe) scrap stocks! 
rails) 
New England and Middle Atlantic: 
Connecticut, Maine, Massa- 
chusetts, New Hampshire, 
New Jersey, New York, 
Rhode Inland... 126 20 32 29 3 210 4 
Pennsylvania 653 42 124 119 48 985 100 
Total ooo ce ke 779 62 155 147 50 1,194 104 
North Central 
Illinois 880 zd 13 55 1 448 12 
Indiana - - ------------- 330 1 14 132 2 479 18 
Iowa, Kansas, Michigan, Minne- 
sota, Missouri, N deeds 488 1 7 104 16 615 21 
I ss pa ae arts me ree tices 839 10 61 95 7 512 27 
Wiscon enn 9 2 KS 6 (3) 18 4 
ITT 1.546 14 94 393 26 2,073 89 


See footnotes at end of table. 
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Table 8.—U.S. consumer stocks of iron and steel scrap and pig iron, December 31, 1985, 


by region and State —Continu 
(Thousand short tons) 
Carbon 
steel (ex- Stain- Alloy steel Cast iron Other Total Pig iron 
Region and State cludes re- less (excludes (includes grades of crap Roars 
rolling steel stainless) borings) scrap stocks! 
rails) 
South Atlantic: 
Delaware, Florida, Georgia, 
Maryland, North Carolina, 
South Carolina, Virginia, 
West Virginia 475 6 8 61 9 558 7 
South Central: 
Alabama, Arkansas, Kentucky, 
Louisiana, Mississippi, Oklaho- 
ma, Tennessee, Texas 746 3 20 108 31 908 63 
Mountain and Pacific: 
Arizona, California, Colorado, 
Hawaii, Montana, Nevada, Ore- 
gon, Utah, Washington 275 Ge 23 69 2 370 3 
Grand total! _________~_ 3,822 85 301 777 118 5.104 266 


Data may not add to totals shown because of independent rounding. 
?Less than 1/2 unit. 


Table 9.—U.S. average monthly price and composite price for No. 1 heavy melting scrap 


in 1985 
(Per long ton) 
. ; Philadel- Composite 
Month Chicago Pittsburgh phia price! 
II ͥ eet Bee Ld Utd 86 $78.86 $86.48 $80.00 $81.78 
„„ d ea cs 82.16 88. 80. 83.49 
Matcli-- eee ³ AAA ah et eye 84.76 91.19 81.43 85.75 
e DEE EES 79.59 83.05 80.57 82.07 
May. ete J EE 68.00 12.68 13.82 71.50 
JUS ursi e eue dL tI t I MEL ML IR eet e 62.00 69.50 68.25 66.58 
J N yd y 64.24 72.62 68.29 68.38 
E/! ⁵ð / ⁰ ZZ 8 73.00 77.00 74.00 74.66 
September... o ß . er ats 12.00 74.20 74.00 73.40 
(EE 11.87 13.50 11.52 12.29 
November-.5 o2 PP 69.00 69.50 11.00 69.83 
December: - - - ³ðÄù•¹ r k y 69.17 72.12 71.00 70.76 
Average ..; 72.89 77.43 74.41 74.91 
( o· ³Ü¹¹m ⁰⁰⁰y yt cet le Late 83.12 92.71 87.92 87.91 
r D 
'American Metal Market, composite price, Chicago, Pittsburgh, and Philadelphia, Feb. 7, 1986. 
Table 10.—U.S. exports! of iron and steel scrap, by country 
(Thousand short tons and thousand dollars) 
1981 1982 1983 1984 1985 
Country — T—.. T.. .! TT aS i —————— 
Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
Canada 737 52.463 307 21.006 539 39.717 779 59.521 446 38.445 
Italy ....- 34 2,401 12 2.972 65 4,395 306 27,038 301 30,250 
leas X ics d 1.191 117.724 1.530 145,083 2.600 218,337 2,680 264.857 2,110 199.135 
orea. 

Republic of 1.241 114,736 1.522 115,515 1476 111,051 1,833 160,892 1,978 160.674 
Mexico 896 102.329 380 33.822 419 36.01 484 47,663 59 57.535 
Spain 434 34,570 868 61.616 356 22.734 608 55.228 910 72.312 
Taiwan 374 59.874 352 57.213 499 75,638 405 54,515 414 45.163 
Turkey. ___ 364 31,814 639 48,256 100 90,851 807 69,579 955 80,133 
Venezuela 55 4.620 45 3,231 20 1,197 392 33,346 471 36,384 
Other 11,090 118.106 11,150 7121.559 1846 76.785 11,204 7145.341 1.760 198.153 

Total? _ _ 6,415 638,644 6,804 610,302 7.520 636,723 9,498 917,981 9,950 918.186 

"Revised. 


!Excludes rerolling material and ships, boats, and other vessels for scrapping. 
*Data may not add to totals shown because of independent rounding. 
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Table 12.—U.S. exports of rerolling material (scrap), by country 
(Thousand short tons and thousand dollars) 


Coat 1981 1982 1983 1984 1985 

un — — -¼-¼—- — ————— — — 
x Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

China SS Se s TE Ser ES E. 23 19 2,497 

Korea, Republic of ale - oo TM 5 462 = HR SES 3E 

Mexico 55 10,267 33 5,290 28 3,579 57 8,248 90 12.511 

Other 2 564 20 2.679 1 153 1 2.670 1 596 
Total 57 10.831 53 7.969 34 4.194 58 10.918 110 15,604 


Table 13.— U.S. imports for consumption of iron and steel scrap, by country 


1984 1985 
Country Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 

Austria -2-22-22 55 $175 96 $306 
Belgium- Luxembourg 63 49 502 653 
CC xor h E Zee 532,241 41,866 562,032 31,242 
Germany, Federal Republic of 2,141 131 1.978 524 
%//%é§Ü—v ß Lc en 3,157 419 6,626 1.162 
Meideeſee oci ecu 20,990 2,866 24.658 4,057 
Netherland 1 (3) 101 208 
Panama 3.2 o.oo nix cic uera ioni 4,235 123 56 26 
Sweden |. .. nn 750 104 2 1 
United Kingdom 2.261 261 2.931 973 
GI. ³Ü¹ꝛi EO ERE 6,115 952 1.672 466 

rr ĩðͤ Oe Be 572,010 46,946 601,254 45,620 


1Includes tinplate and terneplate. 
*] ess than 1/2 unit. 
Data may not add to totals shown because of independent rounding. 


Table 14.—Iron and steel scrap consumption in selected countries! 


(Thousand short tons) 
Country 1980 1981 1982 1983 1984 
North America: 
Canada? ? *95 — shoe 9,395 8,233 6,261 6,965 € 000 
United States? ^ 9 = | ...... 83,710 85,097 56,386 61,782 65,702 
Latin America:“ 
Arenein ns 1.321 1,338 1,569 1,570 1.281 
Brazil Ae El eet CLE 7,130 6,052 5,625 6,137 6,971 
Eelere 209 €210 146 209 237 
Colombia 2. ieee 211 e205 324 369 378 
LAN use EU 20 25 33 26 21 
Ml endl he Soe 3,425 3,618 3,332 2,383 3.181 
Perd. co oll ĩ eee d enr 224 *180 120 186 343 
Uruguay- ------------------- 24 20 34 56 53 
Venezuelas — 1,068 *1,090 1.027 451 1.292 
Central America, not further detailed 1164 r e100 82 74 126 
Europe: 
European Economic Community: 
Belgium?’ ` ~~. ~~~ -_ 2222 4,065 4.133 4,566 83,480 53.880 
Denmark 894 75 690 644 718 
France e 8,748 8,040 7.076 7,197 7,135 
Germany, Federal Republic off _ _ _ 22,401 21,632 19,339 19,692 20,510 
C ²ĩ²¾ꝛq¶.ͥ 310 300 300 275 300 
Ireland? |... annann 3 41 76 174 208 
FI AA 919,825 17.799 16.944 15,861 €17,420 
Luxembourg 1.738 1.458 1.450 1.508 1.850 
Netherlands. _-_- s 2,025 1,961 1,594 1,607 1,797 
United Kingdom 10,248 11,424 11,535 10,569 10,578 
European Free Trade Association: 
TTT WEE 1,910 1,910 1,807 31 797 31.851 
Finland? -222222222 848 807 758 10720 *&3] 
le D EEN 526 3559 3537 2577 3638 
Portugal 564 T4R6 §22 2575 600 
Sweden!!!) 2.835 2.924 3.145 3.395 23.500 
Switzerland 2222222... 992 9948 *915 *915 *915 


See footnotes at end of table. 
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Table 14.—Iron and steel scrap consumption in selected countries! —Continued 
(Thousand short tons) 


Country 1980 1981 1982 1983 1984 
Europe —Continued 
Council for Mutual Economic Assistance: 
Bulgaria 860 830 830 820 850 
Czechoslovakia? 28 8,584 8,244 8,186 8,665 8,365 
German Democratic Republic? ? * § 5,833 5,816 5,649 5,682 5,119 
Hungary? 2---------- 2,528 2,425 2,446 2,445 2,705 
Poland osse nl c vt es ree 11.817 9,598 r 38.983 T 39.796 9,630 
Romania 4.300 4,250 4,260 4,270 4,300 
WS SR cea %ĩ˙ði ⁰ LL Re 56,690 56,900 160,300 163,400 64,500 
Other: 
ff --------- 9,974 9,933 10,042 10,795 €11,100 
Yugoslavia |. ------------- 2.287 2.324 2.245 2.434 2,500 
Africa: South Africa, Republic of 113.974 113.333 €3,060 €2,600 €3,000 
Asia: 
China un 9.400 9.000 9.400 10,100 10,900 
Indes — 4.080 4.100 4.200 4.050 4.060 
H) 8 48.291 44,616 42,832 44,269 47,934 
Korea, Republic EE EEN 2,200 2,700 3,300 3,350 3,600 
Taiwan l 1.200 1.100 1.400 1,700 1,700 
Ill cate a ei 1.900 91.764 1,900 2,300 2.500 
Oceania: 
Australia _____-—-----------—- 2,470 2,480 2,070 1,820 2,050 
New Zealand? _____________..__ 160 155 160 150 180 
Total Guns Saee Ae T361,681 T350,916 T317,456 7327,906 344,969 


*Estimated. Revised. 

1Unless otherwise specified, figures represent actual reported consumption of iron and steel scrap utilized in the 
production of pig iron, ferroalloys, crude steel, foundry products, and rerolled steel, as well as other unspecified uses in 
the steel industry and by other unspecified industries as reported by the United Nations Economic Commission for 
Europe in its Annual Bulletin of Steel Statistics for Europe 1934, v. 12, New York, 1985, 83 pp., which is the source of all 
reported data unless otherwise specified. All estimates are by the Bureau of Mines. 

Excludes scrap consumed by stee! rerollers. 

3Excludes scrap consumed in iron foundries. 

*Excludes scrap consumed within the steel industry for purposes other than the manufacture of pig iron, ferroalloys, 
crude steel, foundry products, and rerolled steel (details on use not available). 

5Excludes scrap consumed outside the steel industry. 

Bureau of Mines. 

"Except where individually specified as an estimate or as being derived from another source, data are from Instituto 
Latino Americano del Fierro y el Acero. Statistical Yearbook of Steel Making and Iron Ore Mining in Latin America, 
1984. Santiago, 1985, 220 pp. Source does not provide details on what is included; presumably figures include total steel 
industry ferrous scrap consumption but exclude scrap used outside the steel industry. 

Includes scrap used in production of steel casting in shipyards, but excludes scrap, if any, used in production of pig iron 
and that used in iron foundries. 

*Organization for Economic Cooperation and Development. The Iron and Steel Industry in 1980, Paris, 1982, 40 pp.; The 
Iron and Steel Industry in 1981, Paris, 1983, 40 pp.; The Iron and Steel Industry in 1952, Paris, 1984, 52 pp; and th 
and Steel Industry in 1983, Paris, 1985, 52 pp. 

10Excludes consumption, if any, in the production of pig iron. 

Iron and Steel Statistics Bureau (United Kingdom). International Steel Statistics, Republic of South Africa, 1981, p. 4. 

"IExcludes a substantial tonnage derived from shipbreaking (possibly of the order of several million tons annually for 
electric-furnace-equipped steel mills). 
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Table 15.—Iron and steel scrap exports, by selected countries! 


(Thousand short tons) 
Continent, country group, and country 1980 1981 1982 1983 1984 
North America: 
Canada `- é 865 632 1691 1956 R76 
United State:??? — 11.254 6,472 6.857 r7 634 9,498 
Latin America: 
ß ee uui eS 4 2 22 4 *10 
Europe: 
European Economic Community: 
Belgiüm: Luxembourg FCC 592 637 549 152 853 
Denmark 110 204 130 193 258 
Hafen 8 3.651 3.510 3.397 3.557 4.525 
Germany, Federal Republic og 3.392 3,756 3,160 3,282 3,002 

e EES ($) 1 1 1 1 
Ireland. ce A te 93 181 65 23 47 
TT.... ( ah ot as 9 25 19 20 21 
Netherlands 1.316 1.380 1.300 1.678 1.851 
United Kingdom 3.092 3,712 3,387 4,182 4,758 

European Free Trade Association: 

US(TIA coe Ss oe ee Se eee eee 14 14 10 14 23 
Finland- EE ($) ($) (*) ($) 11 
Iceland `- 3 3 4 111 211 
Norway. e nomme dicem 42 35 35 40 23 
Portugal —— ------------------- 6 6 10 11 10 
Sweden... 222222222222 15 15 20 23 24 
Switzerland. 71 141 116 T165 117 

Council for Mutual Economic Assistance: 
Bulgaria 2222222222 2222-2 171 87 63 42 53 
Czechoslovakia |...  ... 109 113 1107 137 2150 
German Democratic Republic) 54 21 22 23 25 
Hungary mouse 88 34 35 58 55 Lu 
PS ³ð2ͥ⸗ ege E 16 "88 1284 161 194 
Romani — (*) (*) ($) ($) (*) 
USSR? ut Se 2.156 2,681 2,859 3.715 3,756 
Other: 
Pon % E EE D AAN E 1 21 1 1 4 
ugosla via 50 265 70 78 157 
Africa: 
Algeria? 2 -2-2-2222 72 48 62 61 70 
Morocco 38 56 57 72 N 
oe Africa, Republic off |... 1 2 4 51 50 
ia: 
Finn 88 (*) 6 5 10 *10 
Chihü occur c ĩð E he 11 161 108 40 *100 
PP K 6 ($) 8 9 15 
Hong Kong 302 371 327 363 331 
EE 2 22 *20 *20 e20 
Indonesal kk SE (*) 1 1 
IN at Bh 175 206 193 128 161 
Korea, North® ____________________ 2 8 15 7 *10 
Korea, Republic ol 10 28 155 314 149 
KüwsBiE ce 0ꝶꝝ⁰WB . 88 69 27 20 20 20 
Malaysia? iii Sco 88 12 13 7 210 10 
Mongolia 22 24 26 24 25 
Philippine 2 2 2 1 1 
Saudi Arabias LLL Ln 18 58 33 35 35 
Singapore!!! LLL LL cll lr 6 2 9 132 120 
Fl RD es ture 14 141 443 308 223 
Thailande 2-2-2-2- 1 2 9 2 4 
United Arab Emirates 3 4 7 e10 *10 
Oceania: 
Australia*. 322260 8 *600 108 1,249 619 409 
New Zealand) 49 3 3 3 4 
Total a n m mo cat ur ELLE 129.142 125,629 125, 999 728,998 32.803 


*Estimated. Revised. 
'Unless otherwise specified, source is United Nations Economic Commission for Europe. Annual Bulletin of Steel 
Statistics for Europe 1984, v. 12, New York, 1985, 83 pp. 
icial trade returns of subject country. 
Includes rerolling material. 
*Less than 1/2 unit. 
s partial figure; compiled from import statistics of trading partner countries. 
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Table 16.—Iron and steel scrap imports by selected countries! 


(Thousand short tons) 
Continent, country group, and country 1980 1981 1982 1983 1984 
North America: 
Canada croce oru E ee 1.119 924 505 r737 21,247 
United Stats 582 556 468 641 577 
Latin America: 
Argentina e 2 2 2 8 10 
Brazil? 2x ñ⁰ y ĩðͤ EE 24 8 8 MN 34 
CHIIGI tee A i (3) 5 *10 *10 *10 
ed; 8 14 33 30 51 48 
Kee eeh 8 #95 *100 2100 2107 100 
JöÜ;: ⁰⁰ i eats 257 235 T464 390 e400 
EE 36 40 18 *20 e20 
Venezuela? L |. 2—2 2-2-2-2- 36 55 23 20 *20 
Europe: 
European Economic Community: 
lgium- Luxembourg 947 1.054 978 1.152 1.843 
Denmark 239 198 97 74 146 
France... ee eee ee 503 383 304 338 449 
Germany, Federal Republic ot 1,658 1,473 1,421 115424 1.935 

%); RR yl set 263 317 478 1573 362 
Ireland- seet Zeg ee ed es 9 4 T3 77 97 
R/ ⁰ Set be, 8.168 6.107 6.141 4,901 6,047 
Netherlands. ________-________ 170 262 244 401 527 
United Kingdom 28 23 41 12 37 

European Free Trade Association: 

o nne Ee 158 187 420 241 400 
Finland... 222222222 117 68 41 36 
Norway ↄ rated h 58 26 4 17 14 
FCC ( es ctu senec ie 164 94 138 1119 132 
Sweden 84 212 583 496 925 
Switzerland 2 2 222222 151 125 118 162 301 

Council for Mutual Economic Assistance: 
Bulgaria i 8 (3) x PEN EE 8 
Czechoslovakia 62 278 81 173 200 
German Democratic Republic _ __ 1,001 764 502 741 1,141 
Hungary sn eed ee nues sitos 4 159 15 31 22 
FH. RE EIE 250 58 6 6 8 
Romania ` -2-222222 62 e Se Së ath 
USS Ro oe ] ⁵ f et ee te 23 24 21 24 *25 

Other: 
e EE 4,835 4,479 5.249 5,221 5,531 
Vugosla via 437 2528 560 812 861 
Africa 
JGG ͤ ĩ²˙ 00 41 15 14 215 15 
, ß is we e ecu iE (3) 39 23 23 e3 
South Africa, Republic off... 31 14 31 8 *10 
China eu AA e a Rue ee 2 È) 3 2 e3 
Hong Kong? NIC RE Mn 8 103 104 71 30 31 
E TEE 124 573 *500 *500 *500 
Indonesia 43 69 250 1284 300 
C s LULA eI LA dL 3,291 1,974 2,232 4,306 4,429 
Korea, Republic o) / 2,130 2,546 1,994 2,090 2,294 
Malaysia? - -.------------------- 5 60 28 *30 53 
Pakistan- ²˙Üi. ⁰ · AAA 368 534 173 132 134 
Philippine 10 10 28 (3) 2 
Singapore 190 86 103 104 87 
Taiwan? . ³ĩV5A ĩð—mu 88 1.358 971 718 811 637 
Thailand? _______._______________ 373 460 T430 707 545 
KEE 381 579 825 1,184 1,144 
Oceania: 

Australia 1 1 el 21 Wl 
New Zealand? ____________________ 69 5 6 3 3 
Total. see Ss ee es 30,076 26,844 126.504 129, 236 33,696 


*Estimated. "Revised. 
‘Unless otherwise specified, source is United Nations Economic Commission for Europe. Annual Bulletin of Steel 
Statistics for Europe 1984, v. 12, New York, 1985, 83 pp. 
icial trade returns of subject country. 
*Less than 1/2 unit. 
‘Partial figures; compiled from export statistics of trading partner countries. 
Partial figure; compiled from incomplete returns of subject country and export statistics of trading partner countries. 
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Kyanite and Related Materials 


By Michael J. Potter! 


Kyanite, andalusite, and sillimanite are 
anhydrous aluminum silicate minerals that 
are alike in both composition and use pat- 
terns and have the same chemical formula, 
Al- O, SiO,. When these minerals are cal- 
cined at approximately 2,900° F, they are 
converted into mullite. Related materials 
include synthetic mullite, dumortierite, and 
topaz, also classified as aluminum silicates, 
although the last two additionally contain 
substantial proportions of boron and fluo- 
rine, respectively. All of these kyanite- 
group substances can serve as raw materi- 
als for manufacturing special high-perform- 
ance, high-alumina refractories, but there 
has been no record in recent years of either 
dumortierite or topaz being used for this 
purpose in the United States. 

Although published statistics were incom- 
plete, France, India, the Republic of South 
Africa, and the United States appeared to 
be the leading world producers of kyanite- 
group minerals. The U.S.S.R. and perhaps a 
few other industrialized nations also were 
presumed to produce significant quantities 
of these materials. 

U.S. kyanite output in 1985 was esti- 
mated to be approximately the same as that 
of 1984. Major end uses of kyanite, mullite, 


and synthetic mullite were in refractories 
for the ferrous and nonferrous metals in- 
dustries, where production generally re- 
mained flat in 1985. 

Domestic Data Coverage.—Domestic pro- 
duction data for kyanite and synthetic mull- 
ite are developed by the Bureau of Mines by 
means of two separate, voluntary, domestic 
surveys. In the kyanite survey, of the three 
active mines canvassed, none respond- 
ed. These mines were operated by two 
companies. An estimate of total production 
was made by the Bureau of Mines using last 
reported production levels adjusted by the 
trend of the minerals economy. 

In the synthetic mullite survey, of the 
five canvassed operations, three, or 60%, 
responded and accounted for 12% of the 
total production data shown in table 1. The 
percentage of production that was esti- 
mated, 88%, was arrived at by using last 
reported production levels adjusted by the 
trend of the minerals economy. 

Legislation and Government Pro- 
grams.—The allowable depletion rates for 
kyanite, established by the Tax Reform Act 
of 1969 and unchanged through 1985, were 
22% for domestic production and 14% for 
foreign operations. 


DOMESTIC PRODUCTION 


Kyanite was produced in the United 
States at three open pit mines, two in 
Virginia and one in Georgia. Kyanite Min- 
ing Corp. operated the Willis Mountain and 
East Ridge Mines in Buckingham County, 
VA. Pasco Mining Inc. operated the Graves 
Mountain Mine in Lincoln County, GA. 

There are three types of synthetic mull- 
ite. Fused synthetic mullite is made by 
melting Bayer process alumina and silica, 
or bauxite and kaolin in an electric furnace 
at about 3,450° F. High-temperature sin- 


tered synthetic mullite is prepared by sin- 
tering mixtures of alumina and kaolin, 
bauxite and kaolin, or alumina, kaolin, and 
kyanite above 3,180° F. Low-temperature 
sintered synthetic mullite is made by sinter- 
ing siliceous bauxite or mixtures of bauxite 
and kaolin above 2,820° F. 

Output of synthetic mullite in 1985 was 
estimated to be largely of the high-tempera- 
ture sintered variety, and the two producers 
of this material were believed to be C-E 
Minerals Inc. at Americus, GA, and Harbi- 
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son-Walker Refractories at Eufaula, AL. 
Electric-furnace-fused mullite was  pro- 
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duced by Sohio Electro Minerals Co. at 
Niagara Falls, NY. 


Table 1.—U.S. production of 


synthetic mullite 

Quantity Value 

Year (short (thou- 

tons) sands) 
FIT! re i p 42,000 $9,050 
19g | E 27,000 5,950 
1983 oe ore 23,000 4,700 
„„ ees Os 27,000 5,300 
EE 21,000 5,450 

*Estimated. 
CONSUMPTION AND USES 


Kyanite and related materials were con- 
sumed mostly in the manufacture of high- 
alumina or mullite-class refractories and in 
lesser quantities as ingredients in ceramic 
compositions. U.S. kyanite, already ground 
to minus 35 mesh as required by the flota- 
tion process used in its separation and 
recovery, was marketed either in this raw 
form or, after heat treatment, as mullite, 
sometimes further reduced in particle size 
before use. In the 35- to 48-mesh range, 
kyanite was used mostly in monolithic re- 


fractory applications such as high-tempera- 
ture mortars or cements, ramming mixes, 
and castable refractories, or with clays and 
other ingredients in refractory compositions 
for making kiln furniture, insulating brick, 
firebrick, and a wide variety of other arti- 
cles. More finely ground material, minus 
200 mesh, was used in body mixes for sani- 
tary porcelains, wall tile, investment- 
casting molds, and miscellaneous special- 
purpose ceramics. 


PRICES 


Engineering and Mining Journal, Decem- 
ber 1985, listed prices for raw kyanite, f.o.b. 
Georgia, ranging from $92 to $144 per short 
ton for bulk shipments and $9 more per ton 
for bagged material. These prices were 
unchanged from those of 1984. 


Prices in 1985, in British pounds, from 
Industrial Minerals (London) were the same 
as those of 1984. The price increases in U.S. 
dollars of 12% in table 2 reflect a corre- 
sponding increase in the value of the British 
pound against the U.S. dollar. 


Table 2.—Prices of kyanite and related materials 


(Dollars per short ton) 
1984 1985 
Andalusite, Transvaal, 52% to 54% AlzOs, bulk, c.i.f. main European port 79 89 
Andalusite, Transvaal, 60% AlzOs, c.i.f. main European port 102 114 
Sillimanite, South African, 70% Al203, bags, c.i.f. main European port 215 21 
US. ea Baris 59% e Een Al305, 35-325 Tyler mesh, raw and/or clined. 18-ton lots, c.i.f. 
est Ae sei WEE d RCM ENSE TERRAM a al tg 102-176 114-197 
US ky anite, te fob. lant eios 
n EE 123-172 123-172 
70-137 70-137 


— — —— — mm men em e em em ee ee mm zs 


Source: Industrial Minerals (London). No. 219, Dec. 1985, p. 101. 
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FOREIGN TRADE 


An estimated one-third of U.S. production 
of kyanite- and mullite- containing materi- 
als was exported, with a substantial quanti- 
ty going to the Federal Republic of Ger- 


many. Based on data from a non-Govern- 
ment source, imports of andalusite in 1985 
were insignificant compared with those of 
1984. 


WORLD REVIEW 


During 1984, the last year for which 
information was available, the European 
refractories industry experienced difficulty 
in obtaining enough andalusite to satisfy its 
requirements. This was especially true with 
respect to ladle refractories. The shortage 
was largely due to the shutdown of two 
South African operations and a brief shut- 
down of the one French producer. However, 
the situation was expected to improve when 
new facilities in the two countries came on 
stream. 

France.—Output of andalusite, which has 
been second only to that of the Republic of 
South Africa, was 46,300 short tons in 1983 
and 57,300 tons in 1984. The sole producer, 
Denain Anzin Mineraux, planned to add a 
new plant to its two existing facilities in 
mid-1985, which could raise output to at 
least 70,000 tons per year. Exports in recent 
years have been largely to the Federal 
Republic of Germany, Italy, and the United 
Kingdom. About 20% of French output has 
been consumed internally.* 

South Africa, Republic of.—Weedons 
Minerals (Pty.) Ltd. has been the largest 
single producer of andalusite in the world, 
with annual output of approximately 
100,000 to 110,000 tons. The company had 
three processing plants in operation with a 
fourth being planned, which would presum- 
ably raise its production to 130,000 tons 
per year. Rand London Andalusite Ltd. was 
producing approximately 3,860 tons per 
month of andalusite, with new plant facili- 
ties scheduled to become operational in 
1985. Export markets for Rand London were 
Australia, Europe, Israel, Japan, and the 


United States. 

Verref Mining (Pty.) Ltd. has an andalu- 
site capacity of 55,000 tons per year; materi- 
al was marketed worldwide to refractory 
manufacturers, with Italy being a signifi- 
cant consumer. Hoogeneog Andalusite 
(Pty.) Ltd. planned to restart production in 
the near future. A newly instalied process- 
ing plant was expected to bring production 
capacity to 22,000 tons per year. When 
production resumes, 80% of th2 output is 
expected to be exported to Eu: pean mar- 
kets.* 

Sweden.—Svenska Kyanite AB, a new 
kyanite joint venture between Svenska 
Forshammar AB and Ulf Juval AB, was put 
into operation in May. The ore deposit 
contains an average of 30% kyanite, and 
proven reserves were put at 5 laillion tons. 
Beneficiation consists of crushing; ;:rinding; 
flotation to separate quartz and kyanite; 
high-intensity magnetic separati:n to re- 
duce the iron content; and filtr: tio 1, drying, 
and packing of the kyanite jrocuct. The 
processing plant capacity was to approx- 
imately 30,000 tons per year of p: ct. The 
major market was to be the ‘.'ropean 
refractories industry. The hi +- tensity 
magnetic separator uses conve» ^al per- 
manent magnets but is as power! as some 
electromagnetic wet, high-intensi.y separa- 
tors.* 

United Kingdom.—Imports of kyanite- 
group minerals in 1984 totaled 58,100 tons; 
principal countries of origin and percent- 
ages supplied were the Republic of South 
Africa, 48%; France, 26%; and the United 
States, 18%.’ 
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Table 3.—Kyanite: World production, by country' 
(Short tons) 
Country? and commodity 1981 1982 1983 1984P 1985° 
Australia: Sillimanite* _________________ 365 863 133 r 660 550 
Brazil: Kyanite. - - ----------------—- 1,753 466 473 1 550 550 
China: Unspecified _-._-..--.-_____ 2. 800 2.800 2,800 2,800 2,800 
CS Arndalusité 2.52 cce m ee or *33,100 746,300 46,300 57,300 55,100 
ndia: 

Andalusite -—------------------~- 161 591 2,836 €3,000 3,000 

r cocco eT -o 42,200 37,425 42,226 40,812 37,500 

Sillimanite -.0 ------------------ 11,303 14,403 8,739 14,746 14,300 
Kenya: Kyan ite TS MT 6,004 1,102 1,100 
Korea, Republic of: Andalusite 99 T36 319 230 220 
South Africa, Republic of: 

Andalusitteke... 199,818 171.655 128.503 157,967 205.000 

Sillimanite . 17.090 11.089 898 1.445 1,600 
Spain: Andalusite |. —------~----—------ 6,780 5,621 4,945 3,301 3,900 

nited States: 

Kyanite o c cec A LI. W Ww W W W 

Synthetic mul lite 2 22s cc 42,000 27,000 *23,000 27,000 27,000 
Zimbabwe: Kyanitte 959 2.433 (*) (*) d 


Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 
lOwing to incomplete reporting, this table has not been totaled. Table includes data available through Apr. 8, 1986. 
In addition to the countries listed, a number of other nations produce kyanite and related materials, but output is not 
reported quantitatively, and no reliable basis is available for estimation of output levels. 
In addition, sillimanite clay (also called kaolinized sillimanite) is produced, but output is not reported quantitatively, 
and available information is inadequate for the formulation of reliable estimates of output levels. 


Revised to zero. 


TECHNOLOGY 


Piedmont Minerals Co. Inc. in North 
Carolina investigated the possibility of pro- 
ducing an andalusite product from its 
pyrophyllite-andalusite material. Pilot 
plant work yielded a product containing 
over 90% andalusite with an alumina con- 
tent approaching 60%. Processing steps in- 
cluded fine grinding, heavy-media separa- 
tion, and flotation. Further work on proc- 
essing and marketing of the product would 
have to be carried out before any commer- 
cial production. The company can currently 
produce an andalusite-pyrophyllite product 
containing 50% to 55% andalusite that is 


used in refractories.* 


Physical scientist, Division of Industrial Minerals. 


ere necessary, values have been converted from 
pounds sterling (£) per metric ton to U.S. dollars per short 
ton at the rate of £1.00 = US$1.40 for 1985. 

Industrial Minerals (London). Sillimanite Minerals— 
Eu Places Demands on Andalusite. No. 208, Jan. 1985, 
pp. 45-46, 62. 

*Pages 43-45 of work cited in footnote 3. 

5Industrial Minerals (London). Svenska Kyanite Start- 
Up. No. 211, Apr. 1985, p. 13. 

*Mining Journal (London). High Force Magnetic Separa- 
tor. V. 304, No. 7819, June 28, 1985, p. 461. 

"Industrial Minerals (London). United Kingdom Indus- 
trial Mineral Statistics. No. 211, Apr. 1985, p. 85. 

Dickson, T. North American Pyrophyllite-Ceramics 
Leading the Way. Ind. Miner. (London), No. 218, Nov. 1985, 
p. 57. 


Lead 


By William D. Woodbury! 


Domestic mine output of recoverable lead 
increased by over 90,000 metric tons in 
1985, but was the second lowest production 
since 1968. Primary refinery output also 
increased by over 90,000 tons, and although 
it too was the second lowest since 1968, total 
refined metal output, including that from 
secondary sources, was the highest since 
1982. Net imports of refined metal for 
consumption were 50,000 tons less than 
those of 1984, but were still over 100,000 
tons. Total net imports of contained lead in 


all forms, including scrap, declined signifi- 
cantly, as reported consumption declined by 
nearly 60,000 tons. The storage battery 
sector had a good year for the second year 
in a row and utilized almost three-quarters 
of the total demand for refined lead. The 
overall dropoff in domestic demand, in con- 
cert with the general worldwide overpro- 
duction of lead associated with relatively 
high levels of silver and zinc mining, result- 
ed in the average U.S. producer sales price 
declining to its lowest level since 1973. 


Table 1.—Salient lead statistics 
(Metric tons unless otherwise specified) 
1981 1982 1983 1984 1985 
United States: 
Production 
Domestic ores, recoverable lead content 445.535 512,516 1449, 295 1322,677 418,955 
Value. _------------ thousands. _ $358,821 $288,579 "$214,745 "$181,745 $114,008 
Primary lead (refined): 
From domestic ores and base bullion _ _ — 440,238 459,865 459,328 330,168 416,091 
From foreign ores and base bullion `... _ 55,085 52,295 55,227 65,409 71,853 
Antimonial lead (primary lead content 3,008 4,622 W W WwW 
Secondary lead (lead content 641,105 571,276 503,501 T633,374 594,186 
Exports (lead content): 
Lead ore and concentrats 33,043 29,104 20,119 11,858 9,987 
Lead materials excluding scrap - -- ------ 23,320 55,629 24,351 16,563 81,320 
Imports, general: 
Lead in ore and concentrats 58,545 35,807 41,516 68,870 42,665 
Lead in base bullion. nnn n 449 19 53 43 760 
Lead in pigs, bars, reclaimed scrap - — — _ _ — — 107,185 99,587 11794485 167,868 136,697 
Stocks, Dec. 31 (lead content): 
At primary smelters and refineries_ . _ — _ — 140,207 125,537 106,661 135,079 127,950 
At consumers and secondary smelters _ _ _ — _ 123,216 97,209 100,771 197,077 93,130 
Consumption of metal, primary and secondary ... 1,167,101 1,075,408 1,148,487 1,207,083 1,148,298 
we Frige; Common lead, average, cents per pound? _ _ 36.53 25.54 21.68 25.55 19.07 
orld: 
Production 
Mine thousand metric tons T3.365.5 3,422.5 3,358.6 P32558  °3,391.7 
Refinery? ?) do "3,118.8 ¥3,181.1 3,236.1 P3,156.7  °3,295.5 
Secondary refinery _.________- do. ... 12, 211.3 T2 038.9 2,021.6 2668 2, 178.1 
Price: London Metal Exchange, pure lead, cash 
average, cents per pound ______________ 33.30 24.66 19.27 20.12 17.84 


*Estimated. Preliminary. 


‘Revised. W Withheld to avoid disclosing company proprietary data. 


Includes Bureau of Mines estimate of 42,000 metric tons of pigs and bars (lead content) of U.S. brands returned from 


the London Metal Exchange. 
Metals Week. Transactions on a delivered basis. 


primary metal production only. Includes secondary metal production where inseparably included in country total. 
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World production of refined lead, includ- 
ing secondary, was estimated to have in- 
creased by 50,000 tons over that of 1984, and 
to have exceeded total world demand, which 
was 20,000 tons less than that of 1984, by 
10,000 tons. That resulted in a buildup of 
metal stocks during 1985. Recoverable 
world mine production, which represented 
60% of demand, was estimated to have 
increased by 136,000 tons from that of 1984. 
Despite depressed world prices for lead, 
80,000 tons of net additional mine capacity 
was brought on-stream in 1985, mostly 
through new zinc and/or silver operations. 
The London Metal Exchange (LME) cash 
price for the year averaged only 1.2 cents 
per pound less than that in the United 
States, not generally favorable to domestic 
importers, and at 17.8 cents per pound was 
the lowest since 1972 (13.7 cents). 

In the United States, a Federal regulation 
lowering the permissible amount of lead 
contained in gasoline additives by over 50% 
became effective in midyear. Austria ban- 
ned the sale of leaded regular gasoline 
effective October 1, 1985, and the European 
Economic Community issued a directive in 
March requiring all member countries to 
ensure the availability and balanced distri- 
bution of unleaded gasoline by October 1, 
1989. At the beginning of 1985, Austria, 
Denmark, the Federal Republic of Ger- 
many, Norway, Sweden, and Switzerland 
enforced a limit of 0.57 gram per gallon for 
all leaded gasoline. Finland enforced this 
limit on regular grade only, but was to 
extend it to all grades in January 1986. At 
yearend, the Environmental Protection 
Agency (EPA) in the United States was 
considering an outright ban on all lead in 
gasoline by 1988. 

Domestic Data Coverage.—Domestic da- 
ta for lead are developed by the Bureau of 
Mines from five voluntary surveys of US 
operations. Typical of these are the combin- 
ed monthly and annual secondary consum- 
er surveys. Of the 297 plants to which a 
consumer survey request was sent, 94% 
responded, representing 99% of the total 
lead consumption shown in tables 1, 12, 13, 
14, and 15. Of the 68 plants to which a 
secondary smelter production survey re- 
quest was sent, 84% responded, represent- 
ing 92% of the total refinery production of 
secondary lead recovered from scrap shown 
in tables 1, 10, and 11. Production and 
consumption for the nonrespondents were 
estimated using reported prior year levels 
adjusted by general industry trends. 


Legislation and Government  Pro- 
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grams.—The final phase of EPA's plan, 
announced in August 1984, to limit the 
permissible amount of lead in gasoline to 
0.1 gram per gallon by January 1, 1988, was 
moved up to January 1, 1986, and an inter- 
im standard of 0.5 gram per gallon went 
into effect on July 1, 1985. In September, 
the Comprehensive Environmental Re- 
sponse, Compensation, and Liability Act of 
1980 (Superfund) expired, but reauthori- 
zation bills had passed both houses of Con- 
gress at yearend. Although lead metal was 
added to the list of potentially hazardous 
materials to be taxed, a final revenue 
scheme was not developed by House and 
Senate Conferees, and no legislation was 
enacted at yearend. The Senate bill called 
for using the existing tax rates for petro- 
chemical feedstocks and crude oil, plus an 
additional manufacturers' (producers') tax 
on other hazardous materials. The House 
bill raised the existing feedstock tax rates 
and set a tax on hazardous waste generated 
but not on the specific volume of toxic 
substances per se in the waste. Of most 
concern to the lead producers by yearend, 
however, was that the EPA was considering 
lowering the National Ambient Air-Quality 
Standard for lead from 1.5 micrograms per 
cubic meter to 0.5 microgram per cubic 
meter. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during & military 
conflict that would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, lead 
would be categorized in both tier I and tier 
II; the goal would be 272,156 tons of lead 
metal equivalent in tier II, but no goal had 
been set for tier I at yearend. At yearend, 
this proposal was under consideration by 
the Congress. The Department of Defense 
Authorization Act, 1986 (Public Law 99- 
145), signed by the President on November 
8, 1985, stated that no action may be taken 
before October 1, 1986, to implement or 
administer any reduction in a stockpile goal 
in effect on October 1, 1984. During 1985, 
the National Defense Stockpile inventory 
remained at 545,000 tons of lead metal, 
about 55% of the current authorized goal. 
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DOMESTIC PRODUCTION 


MINE PRODUCTION 


Domestic mine production of recoverable 
lead was significantly higher than that of 
1984, which was strike-affected. However, 
the total was the second lowest since 1968, 1 
year before the Viburnum Trend operations 
in Missouri came fully on-stream. Higher 
production was not attained because the 
producers reportedly were fearful of build- 
ing stocks in the face of the realized de- 
crease in demand that was generally fore- 
cast for 1985. Seven Missouri lead mines 
accounted for about 90% of total domestic 
production, and together with the lead- 
producing mines in Colorado, Idaho, Mon- 
tana, and New York accounted for almost 
all of the U.S. mine output. Some byproduct 
lead also was recovered from mining in five 
other States during the year. 

According to AMAX Inc.’s annual report, 
the Buick Mine in Iron County, MO, equally 
owned by them as operator and Homestake 
Mining Co., continued to be the Nation’s 
largest single lead-producing unit, milling 
2.07 million tons of ore at an average grade 
of 6.9% lead, which yielded 137,500 tons of 
lead in concentrates. The average grade of 
hoisted ore dropped 1.2% from that of 1984 
and was the lowest since 1981. Estimated 
proven and probable ore reserves of the 
mine at yearend were 18 million tons at an 
average grade of 8.0% lead, a decrease of 
377,000 tons of contained lead compared 
with that of yearend 1984 owing to a revised 
mining plan. 

The second largest producing lead mine 
was the Magmont Mine, in Iron County, 
MO, jointly owned by Cominco American 
Incorporated and Dresser Industries Inc. 
According to Cominco Ltd.’s annual report, 
a record high 1.04 million tons of ore was 
milled at an average grade of 7.51% lead, 
which yielded 100,400 tons of concentrates 
at an average grade of 73.3% lead. The 
record high production was attributed to 
replacement of the original flotation cells, 
installed in 1968, in the mill's lead flotation 
circuit with new ones of higher volume. 
Over 40% of Magmont's total ore produc- 
tion was extracted from Magmont West, 
which opened in late 1983. Measured and 
indicated ore reserves at yearend were 6.26 
million tons at an average grade of 6.5% 
lead, 900,000 tons less than that of yearend 
1984. Cominco’s share of the Magmont 


Mine’s lead production was purchased by 
ASARCO  Incorporated's lead  smelter- 
refinery at Glover, MO, and Dresser's share 
was tolled by Asarco. 

The St. Joe Lead Co. Div. of St. Joe 
Minerals Corp., Clayton, MO, operated two 
mine and mill complexes involving four 
mines in southeastern Missouri on the Vi- 
burnum Trend in 1985. St. Joe was the 
largest U.S. lead mine producer during the 
year, accounting for about 3796 of total 
domestic production, hoisting 3.2 million 
tons of ore with an average grade of 5.08% 
lead, according to parent Fluor Corp.'s an- 
nual Securities and Exchange (SEC) Form 
10-K covering the fiscal year ending Octo- 
ber 31, 1985. The four Missouri mines plus 
the Balmat zinc mine in New York produc- 
ed 156,750 tons of lead in concentrates out 
of an estimated 427,000-ton U.S. total. St. 
Joe's mine capacity was estimated by the 
Bureau of Mines to be about 42% of that for 
the United States in 1985, and its mines had 
proven published reserves in Missouri on 
October 31 of 56.8 million tons grading 
approximately 5% lead, down about 500,000 
tons from that reported on October 31, 1984. 
Development of the Viburnum No. 35 Mine, 
renamed the Casteel Mine in December, 
was completed during the year at a total 
cost of approximately $31.5 million, includ- 
ing mill expansion. St. Joe's Brushy Creek 
unit in Missouri did not operate during the 
year. 

Approximately 60% of the ore contained 
in St. Joe's lead ore bodies is situated on 
properties held under Federal mineral 
leases for terms of 10 to 20 years for which 
St. Joe pays a royalty fee of 5% of the gross 
value of concentrates produced. 

Hecla Mining Co.'s annual report stated 
that its Lucky Friday Mine in Shoshone 
County, ID, produced at record high capaci- 
ty during the year and milled 251,124 tons 
of silver ore, which yielded a record high 
31,560 tons of refined lead, an increase of 
8,450 tons, or 1196, over the previous record 
high set in 1984. The concentrates were 
smelted at Asarco's East Helena, MT, plant. 
The increase was attributed to a 20% in- 
crease in labor productivity owing to equip- 
ment upgrading and more mechanization, 
and testing of an advanced mechanized 
mining method was begun. Proven and 
probable ore reserves at Lucky Friday at 
yearend were 608,000 tons containing 11.9% 
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lead and 16.6 troy ounces of silver per ton, a 
slight decrease in contained lead from year- 
end 1984. 

Development work at Asarco’s West Fork 
Mine in Reynolds County, MO, was com- 
pleted during the year, and production was 
scaled up, starting with completion of the 
underground crushing system in Septem- 
ber, to reach about 40% of capacity by 
yearend. The company did not plan to 
increase the level of production, however, 
until lead prices improved significantly. 
About 3,500 tons of lead in concentrates was 
produced, compared with 6,100 tons at the 
Leadville Mine in Colorado, an Asarco- 
operated 50% equity venture, according to 
the company’s annual report. West Fork's 
proven and probable ore reserves at year- 
end were estimated to be 13.5 million tons 
grading 5.5% lead, and the mine's full 
production capacity was estimated to be 
46,000 tons of lead in concentrates per year 
from a mill throughput of 3,450 tons of ore 
per day, according to Asarco. 


SMELTER AND REFINERY PRODUCTION 


Primary.—In the fiscal year ending Octo- 
ber 31, the St. Joe smelter-refinery at Her- 
culaneum, MO, the Nation’s largest, pro- 
duced 161,760 tons of refined lead, an in- 
crease of over 27,000 tons from that report- 
ed for 1984 in parent Fluor’s annual SEC 
Form 10-K. However, the plant was closed 
for the full month of July for routine 
maintenance and inventory adjustment. A 
strike was averted in April, at the last 
moment, and a new pact was signed by the 
Teamsters Union covering the 2 years until 
April 30, 1987. 

According to Homestake’s annual report, 
the AMAX-Homestake smelter-refinery at 
Boss, MO, produced 119,750 tons of refined 
lead from their Buick Mine mill production 
and stocks, an increase of about 15,000 tons 
over output in strike-affected 1984, and only 
about 10,000 tons below 1983's record. The 
plant, however, was shut down from Octo- 
ber 16 to December 4 in order to compen- 
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sate for the decreased lead concentrate 
production at Buick. 

Asarco reported that its three smelters, 
one each at East Helena, MT, El Paso, TX, 
and Glover, MO, produced 202,120 tons of 
lead bullion, an increase of 17,400 tons over 
output in strike-affected 1984. Asarco's two 
refineries at Omaha, NE, and Glover, MO, 
produced 204,840 tons of refined lead metal, 
an increase of 29,400 tons from that of 1984. 
The El Paso and East Helena smelters 
shipped their bullion to Omaha, but oper- 
ations were suspended indefinitely at El 
Paso at the end of August owing to a lack of 
dependable supply of foreign concentrates. 
Feed stocks from Australia, Canada, and 
Peru did not materialize in 1985, apparently 
owing to depressed world prices resulting 
from oversupply. 

The U.S. primary industry produced re- 
fined lead at 82% of capacity for the year. 

Secondary.—The U.S. secondary industry 
at yearend consisted essentially of 23 com- 
panies, which operated 30 plants with re- 
fined metal capacities ranging from 5,000 to 
80,000 tons per year and which represent- 
ed 98% of total production. There were also 
38 small producers with annual capacities 
of 1,000 tons or less, which produced special- 
ty alloys, including solders and specialized 
batteries. During the year, about 250,000 
tons of capacity was closed, most perma- 
nently, including one plant of 68,000-ton 
capacity, which had filed for bankruptcy 
protection in 1984. At yearend, nominal 
engineered capacity stood at about 800,000 
tons compared with about 1,300,000 tons at 
the end of 1980. However, effective operat- 
ing capacity was only about 700,000 tons. As 
a result, the industry operated at 74% of 
nominal capacity for the year, compared 
with a revised estimate of about 60% for 
1984. Taracorp Inc., which had been 1 of the 
top 10 producers, and which had filed for 
bankruptcy protection on October 1, 1982, 
successfully reestablished itself on July 31, 
1985, primarily as a consumer of lead for 
lead products. 


CONSUMPTION AND USES 


Despite reported increases in the con- 
sumption of lead in traditional areas such 
as ammunition, cable covering, and casting 
metals in transportation equipment, overall 
consumption declined by almost 60,000 tons 
in 1985, compared with that of 1984. This 
primarily was attributed to about 25,000 
tons less demand by the battery manufac- 


turers, and a decline of over 33,000 tons, or 
about 4296, in the use of lead for gasoline 
additives. The use of lead in solder declined 
for the seventh consecutive year, primarily 
in applications involving potable water sup- 
ply systems and food containers. Lead-based 
paint and ceramic product applications also 
continued to decline. 


LEAD 


According to Battery Council Internation- 
al statistics of domestic shipments plus 
units exported, production of automotive 
batteries, the largest specific end use of 
lead, was only about 304,500 units less than 
that of 1984; there were 357,000 less units 
exported in 1985. However, during the year 
there was a significant reduction of esti- 
mated materials in process inventories, 
which were estimated to represent about 
65,000 tons of lead in grids and oxides in 
battery plants at the end of 1984, and this 
reduced the 1985 demand. Conversely, the 
Bureau of Mines estimated that the con- 
sumption of lead for grids and oxides in 
industrial and traction batteries during 
1985 increased by over 40% to 145,800 tons. 
The total use of lead to manufacture each 
automotive battery was estimated by the 
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Bureau of Mines to be 20.6 pounds per unit, 
the same as in 1984. This was attributed to 
the relatively high volume of larger cars 
and trucks in the original equipment mar- 
ket, which has arrested the trend toward 
downsizing of batteries in recent years. 
Exports of automotive batteries totaled 
2,233,000 units. The use of lead for storage 
batteries of all types in the United States 
reached a record high 73% of the total lead 
consumed for all products. The use in the 
industrial and traction battery sector at- 
tained a record high 17% of that for all 
lead-acid batteries. The latter has been the 
greatest growth sector in lead consumption 
since 1982, more than doubling in 3 years, 
primarily for uninterruptible power supply 
(UPS) systems. 


STOCKS 


Soft lead stocks at domestic primary re- 
fineries increased 36,000 tons during 1985, 
despite 50,000 tons less net imports for 
consumption of pig lead than in 1984. This 
was attributed to the increase of over 90,000 
tons in primary refinery production, from 
which concentrate stocks were reduced by 
over 40,000 tons, and to the overall decline 
in domestic consumption. Refined pig lead 
stocks held by secondary producers and 
consumers were down only slightly at year- 
end, compared with those of yearend 1984. 
Total stocks of contained lead in all forms, 


excluding scrap, held by all domestic pro- 
ducers and consumers at yearend, were 
down only 11,000 tons, or 5%. 

Stocks of lead and antimonial lead metal 
in the market economy countries reporting 
to the International Lead and Zinc Study 
Group (ILZSG) were approximately 470,000 
tons at yearend, about 9% of current total 
world demand, and 41,000 tons higher than 
at yearend 1984. At yearend, stocks in LME 
warehouses totaled 61,000 tons, an increase 
of 20,000 tons over those of yearend 1984. 


PRICES 


The U.S. producer price quotations for 
lead published in Metals Week moved grad- 
ually downward from a range of 20 to 23 
cents per pound in the last 2 weeks of 1984, 
to 17 to 22 cents per pound at the end of the 
first week of March 1985, which represented 
the widest spread of the year. The average 
of the week ending March 15 of weighted 
transactions was 17.1 cents per pound, the 
lowest of the year. From that point, the 
range gradually expanded and narrowed 
during the remainder of the normal slack 
buying season to 18.5 to 21 cents per pound 
on July 1, the accepted beginning of the 
ordering season for late summer-early fall 
deliveries to the battery manufacturers. 
Summer quotations in Metals Week gener- 
ally stayed within that range but narrowed 
and lowered further on September 10 to 
18.5 to 20 cents per pound, as significant 
anticipated seasonal ordering increases ap- 


parently did not materialize. Prices general- 
ly stayed in that range through the remain- 
der of the year. The monthly weighted 
average transactions were within 0.2 cent of 
19 cents per pound for every month of the 
year except for a low of 17.7 cents for March 
and a high of 19.9 cents for April. March’s 
U.S. average price was the lowest since 
December 1973 (17.7 cents), and the year's 
average of 19.1 cents per pound also was the 
lowest since 1973 (16.3 cents). In constant 
dollars it was the lowest of the century. 

On the LME the highest monthly average 
cash price for the year was reached in 
January, at slightly over 19 cents per 
pound. That was the narrowest spread 
against the U.S. producers’ price, only 0.06 
cent, since February 1975 when LME prices 
were higher than those of the United 
States. The LME price then dropped steadi- 
ly through March, and the average for that 
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month of just under 16 cents per pound was 
the lowest since February 1976 (15.8 cents). 
The price then rebounded steadily, reaching 
19.2 cents for the last week of August, be- 
fore declining steadily to 17.8 cents for the 
last week of the year. The LME's average 
cash price for the year of 17.8 cents per 
pound was the lowest since 1972 (13.7 cents), 
and the average spread for the year with 
the U.S. producers' price of 1.23 cents per 
pound was the narrowest since 1980, when 
it was 1.25 cents. | 

The domestic prices for lead oxides were 
based on the selling price for pig lead in a 
given period plus conversion charges. How- 
ever, premium adjustments were also made 
by individual producers to reflect differ- 
ences in manufacturing techniques, freight 
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considerations, quality requirements, and 
other factors. The average total premium 
for carload lots, f.o.b. plant, exclusive of 
container, for litharge was just over 9 cents 
per pound above the average pig lead price 
according to shipment values reported to 
the Bureau of Mines. The conversion charge 
for red lead was less than 0.5 cent per pound 
higher than that for litharge. The reason 
for the narrow spread between litharge and 
red lead conversion charges was the signifi- 
cant increase in demand for the latter in 
bulk form by traction and industrial battery 
manufacturers. Automotive battery manu- . 
facturers were also reportedly using more 
red lead to aid in formation of the batteries, 
as the percentage of higher grade red lead 
uses for ceramics, etc., declined. 


FOREIGN TRADE 


Exports of lead in concentrates of just 
under 10,000 tons were at the lowest level 
since lead concentrates were classified sepa- 
rately from mixed ores in 1978. This was 
attributed to the high level of world produc- 
tion in 1985, much of which represented 
coproduct or byproduct production from 
zinc and silver mines, and was available at 
competitively low prices. Over 75% of the 
exports of concentrates in 1985 went to 
Canada, which in turn supplied nearly 70% 
of the refined pig lead imported for domes- 
tic consumption. Exports of pig metal and 
wrought lead products were almost four 
times those of 1984, and scrap exports also 
increased significantly. Taiwan and Brazil 
were the major markets for U.S. scrap, re- 
ceiving over 50% of the total, the lead 
content of which was estimated to be 60%. 


The Netherlands and the United Kingdom 
received 70% of the refined pig lead export- 
ed, most of which was thought to be des- 
tined for LME warehouses. 

The United States had net imports for 
consumption of lead in all forms, including 
scrap and droeses or other residues, of 
60,600 tons, compared with 142,600 tons in 
1984 and 125,800 tons in 1983. No concen- 
trates for consumption were received from 
Peru, a traditional supplier of about two- 
thirds of that category over recent past 
years. Honduras, the other significant tradi- 
tional source, supplied about 60% of that 
category in 1985. Canada and Mexico sup- 
plied almost 80% of the metal in all forms, 
including scrap, but imports from Australia 
and Peru, the other traditional significant 
metal sources, declined dramatically. 


Table 2.—U.S. import duties for lead materials, January 1, 1985 


(Lead content) 
2 Least developed 
Item et Most MEN naton developing Non-MFN 
: countries 
Qe ee Sere es 602.10 — 0.75 cent per pound Free! or current MFN 1.5 cents per pound. 
rate. 
Lead bullion `... — 624.02 3.5% ad valorem FFF 10.5% ad valorem. 
Other unwrought ... _ 62403 3.5% ad valorem? ___ Current MFN rate only 10.0% ad valorem. 
Waste and scrap... — 624.04 2.7% ad valorem Free! or 2.3% ad 11.5% ad valorem. 


Free if eligible under General System of Preferences. 


orem. 


*Established at 3.0% ad valorem (retroactive to July 1, 1983) but not to be less than 1.0625 cents per pound, on Oct. 30, 


1984, by the Omnibus Trade Act. 


LEAD 


Imports of chrome yellow used for high- 
way markings increased for the fourth con- 
secutive year, but imports of litharge declin- 
ed significantly as total imports of lead 
chemicals and compounds declined 15%. 
Mexico accounted for most of the U.S. 
imports of litharge and red lead, while 
Canada supplied over 40% of all other 
categories, including almost 60% of the 
chrome yellow. The Federal Republic of 
Germany and the United Kingdom supplied 
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30% of the latter category. The Federal 
Republic of Germany accounted for most of 
the lead acetate imported; Belgium, China, 
and the Republic of South Africa equally for 
most of the lead nitrate; Peru and the 
Netherlands equally for most of the lead 
arsenate; and Canada and the Netherlands 
for all of the other lead salts. Canada and 
Mexico supplied over 80% of the total U.S. 
imports of lead chemicals and compounds, 
including oxides. 


WORLD REVIEW 


According to the ILZSG statistics, con- 
sumption of refined soft lead and antimo- 
nial lead in the market economy countries 
was 3.97 million tons, compared with 4.0 
million in 1984 and about 3.8 million in both 
1983 and 1982. Estimated world consump- 
tion of lead in all forms during 1985 de- 
creased 20,000 tons to 5.46 million from 5.48 
million tons in 1984, compared with 5.25 
and 5.21 million tons in 1983 and 1982, 
respectively. However, world primary refin- 
ery production increased by 50,000 tons in 
1985 over that of 1984. The increase was 
primarily a result of considerable increases 
in Australian and U.S. mine production 
after recovery from lengthy strikes in 1984, 
which had caused considerable drawdown of 
world metal stocks. Secondary lead produc- 
tion was over 40% of the world’s total 
refinery output for the second consecutive 
year, despite a significant dropoff in the 
United States. 

ILZSG forecast that lead consumption 
during 1986 would be only about 15,000 tons 
greater than that of 1985 for the market 
economy countries, but that refined met- 
al production would be about 60,000 tons 
greater with virtually no change in net 
exports to the centrally planned economy 
countries (CPEC) of about 100,000 tons. 
Mine production was expected to increase 
in 1986 by over 100,000 tons, with net 
exports of concentrates to the CPEC staying 
at about 60,000 tons of contained lead, 
according to ILZSG. 

Despite some announced mine closings, 
there were several mine expansions, and six 
new mines were brought on-stream. The net 
result was an increase of 80,000 tons in 
world capacity to about 4.2 million tons per 
year. Primary refinery capacity remained 
at 4.53 million tons per year, but smelter 
capacity decreased by 80,000 tons per year 
to 4.36 million tons per year from yearend 
1984. 


Australia.—Record high mine production 
of lead was reported in 1985, which re- 
flected the return to normal after lengthy 
strikes at three mines during 1984 at Bro- 
ken Hill, New South Wales, and two mines 
in Tasmania. Also, increases were reported 
at EZ Industries Ltd.'s Elura Mine in 
New South Wales; at Mount Isa Mine in 
Queensland, the world's largest zinc-lead 
mine; and at the Woodlawn open pit at 
Tarago, New South Wales. Woodlawn be- 
came a 100% owned subsidiary of Australia 
Mining & Smelting Ltd. (AM&S) early in 
the year when it acquired St. Joe Interna- 
tional Explorations Ltd.'s one-third vested 
interest. The open pit reportedly would be 
depleted in early 1987, but in early 1985 a 
ramp decline was started in order to further 
evaluate known lower-level mineralization 
for a potential continuance of the operation 
underground. The Woodcutters open pit 
near Darwin in the Northern Territory 
came on-stream in late 1985 after comple- 
tion of the mill and prestripping operations 
in July. The mine was controlled by a 
consortium led by Nicron Resources Ltd. 
Further expansions at several mines were 
announced for.1986 following development 
work accomplished in 1985. These included 
EZ's Elura Mine; AM&S' CSA Mine at 
Cobar, New South Wales; North Broken 
Hill Holdings Ltd.’s (NBH) North Mine at 
Broken Hill, New South Wales; and Aber- 
foyle Ltd.'s Que River Mine on the west 
coast of Tasmania. Aberfoyle's production 
was expected to increase by about one-third 
at the beginning of 1986 and hold through 
1991, and NBH's by about 20% by the end of 
1986. Australia's mine capacity at yearend 
1985 was estimated to be about 530,000 tons 
per year of lead in concentrates. 

Extensive exploration by Aberfoyle con- 
tinued at the Hellyer Prospect, 3 kilometers 
north of the Que River Mine, and a further 
4 million tons of ore was inferred. A 1.2- 
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kilometer adit was driven from a nearby 
valley to allow underground exploration 
and bulk sampling in 1986. At Mount Isa 
Mines Ltd.’s (MIM) silver-lead-zinc Hilton 
Prospect, 20 kilometers north of Mount Isa, 
development work continued toward a mid- 
1986 trial mining operation, and possible 
phasing in with Mount Isa Mine’s produc- 
tion in the late 1980’s. Continuing explor- 
atory drilling at Hilton North reportedly 
confirmed potentially economic silver-lead- 
zinc mineralization of a similar magnitude 
to that of Hilton. Mining of the lead carbon- 
ate cap of the Hilton ore body began in 1985 
for use as a flux in MIM's smelter at Mount 
Isa. Pancontinental Mining Ltd. acquired 
MIM’s interest in the Lady Loretta deposit 
in North Queensland in August and later 
acquired the remaining half of the joint 
venture from Elf Aquitaine Triako Mines 
NL. Late in the year, Pancontinental sold a 
49% interest to Outokumpu Oy of Finland. 
Reserves were estimated at 9 million tons 
grading 14.8% zinc, 6.5% lead, and 95 
grams per ton of silver. Exploration con- 
tinued at the Blendevale Prospect in the 
northwestern part of Western Australia by 
the Pillara Joint Venture. Pillara was 
equally composed of BHP Minerals Ltd., the 
operator, and the Oscar Range Joint Ven- 
ture, which was 77% vested by the Shell Co. 
of Australia and 23% by Trend Exploration 
Ltd. 

Exports of lead concentrate increased 
during 1985 in line with the increased mine 
production. Smelter bullion exports de- 
creased 18%, however, in order to rebuild 
stocks, which were drawn down in 1984 
during the strikes, because production was 
about the same as in 1984. Refined lead 
exports increased slightly, but refinery pro- 
duction decreased about 2,000 tons, as did 
domestic consumption. 

Canada.—Mine production and total re- 
finery production, including secondary, 
decreased slightly compared with that of 
1984, in response to reduced domestic and 
world demand. Those conditions, in concert 
with higher stripping ratios and increased 
dewatering and exploration costs, negative- 
ly affected Pine Point Mines Ltd.’s oper- 
ation at Yellowknife in the Northwest Ter- 
ritory. Therefore, Pine Point announced in 
late December a revised mining plan to 
boost production rates in order to maximize 
cash flow during 1986 and 1987 by recover- 
ing only the most economic ore, and there- 
by decrease reserves by 5 million tons, 
allowing for a significant writedown of re- 
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maining assets and preproduction expendi- 
tures. Truck and shovel mining and under- 
ground operations were to continue into 
1987, but dragline operations were suspend- 
ed in 1985. Exploration was to continue on 
the eastern part of the property, where 
about 500,000 tons of new reserves reported- 
ly were identified during the year. Pine 
Point is 51% owned by Cominco Ltd., and 
its life was not expected to extend beyond 
the opening of Cominco's Red Dog Mine in 
Alaska in 1989, according to some analysts. 
At 60,000 tons of lead in concentrates per 
year capacity, the Pine Point Mine is Cana- 
da's third largest lead producer. 

Dome Petroleum Ltd. agreed to sell its 
subsidiary, Cyprus Anvil Mining Corp., and 
Faro Mine, situated 235 miles northeast of 
Whitehorse in the Yukon Territory, to 
Curragh Resources Corp. The Faro Mine 
was closed in June 1982, but a complex 
financial plan involving loan credit lines 
guaranteed by the Yukon and Federal Gov- 
ernments, and incentive contributions un- 
der terms of the Yukon Mineral Recovery 
Program, should allow the territory's larg- 
est mine to reopen in 1986. In addition, the 
Yukon Government was to buy 122 proper- 
ties owned by the mine for $1.05 million 
cash, provide a second mortgage on 152 
other properties worth $2.4 million, and 
pick up the cost of reopening and maintain- 
ing the Klondike Highway from Whitehorse 
to Skagway, Alaska's port. There was also 
to be a 2-year moratorium on interest pay- 
ments on the loans, and the Yukon Govern- 
ment reached an agreement in principle 
with Alaska officials to pay one-half the 
capital and yearly maintenance costs of 
that portion of the highway in the United 
States. Full production of 4 million tons per 
year would not be reached until 1987, and 
the open pit reportedly would have a life of 
7 years, but severa] nearby deposits show- 
ing potential were under review at yearend. 
At capacity, about 85,000 tons per year, the 
operation would surpass Pine Point as Can- 
ada's third largest lead producer. Boliden 
AB of Sweden contracted to be the general 
sales agent for Faro's production and also 
acquired a 10% interest in the mine. At 
yearend, Boliden reportedly located buyers 
for the 40,000 tons of lead concentrates and 
90,000 tons of zinc concentrates, which was 
the anticipated limited production in 1986. 

In November, the Canadian Federal Gov- 
ernment proposed a $48 million financial 
package to Cominco for replacing its smelt- 
er at Trail, British Columbia, with two 
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modified Soviet Kivcet-type autogenous 
flash furnaces, incorporating significant op- 
erating cost savings and improved environ- 
mental safeguards. Under terms of the 
agreement the Government, through the 
Federal Business Development Bank, would 
purchase a special new preferred share 
issue, which would be redeemable after 10 
years and fully retired within 20 years. The 
money would be used to begin the $98 
million phase 1, consisting of completing 
one furnace and one oxygen plant and 
beginning a concentrate dryer by 1988. 
Completion of the whole project, estimated 
to cost $189 million, would increase smelt- 
ing and refining capacity 40,000 tons per 
year to 176,000 tons per year, including a 6- 
million-troy-ounce-per-year increase in re- 
fined silver capacity to 17 million troy 
ounces per year. At yearend, Cominco was 
trying to conclude an agreement on a water 
rate reduction with the Provincial govern- 
ment. 

China.—A contract to construct a QSL 
process 50,000-ton-per-year lead smelter at 
Beijing was negotiated with Lurgi Gesell- 
schaften, the construction subsidiary of the 
Federal Republic of Germany's Metall- 
gesellschaft AG. It would be the first com- 
mercial plant in the world to use the QSL 
technology, which has been under demon- 
stration on a pilot scale by Metallge- 
sellschaft at Duisberg in the Federal Repub- 
lic of Germany since 1982. 

India.—The Government gave approval 
for Hindustan Zinc Ltd. (HZL) to construct 
a 35,000-ton-per-year ISF process lead 
smelter to service the developing Rampura 
Agucha zinc-lead deposit in Rajasthan. 
Smelter startup was not expected before 
1990, with a first-year production of 21,000 
tons. The open pit was expected to start up 
during 1989 at a capacity of 8,000 tons per 
year of lead and double HZL’s existing mine 
capacity. Reserves were estimated to be 60 
million tons of ore grading 1.9% lead and 
13.5% zinc. A significant lead deposit was 
reportedly discovered in the Jharsi District 
about 9 kilometers from another known 
substantial deposit in the Bhupura area. 

Iran.—Contract terms reportedly were 
finalized with Mannesmann Demag Hüt- 
tentechnik GmbH of the Federal Republic 
of Germany for construction of the Nation- 
al Iranian Lead and Zinc Co.’s proposed 
40,000-ton-per-year primary lead smelter at 
Zanjan. In addition, the complex reportedly 
will have a capacity of 40,000 tons per year 
for zinc and was scheduled for completion 
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by yearend 1988. 

Ireland.—Bula Ltd. which owned the 
north end of the Navan lead-zinc deposit in 
County Meath since 1970, was negotiating 
at yearend 1985 to sell out to Tara Explora- 
tion and Development Co. Ltd. whose par- 
ent, Tara Mines Ltd., had been exploiting 
the south end of the ore body at the rate of 2 
million tons per year since 1977. Tara was 
considering an underground linkup should 
the Government, which owned 49% of Bula, 
give its permission. Tara reportedly would 
expand its mill capacity by 450,000 tons per 
year if it acquired Bula. 

Italy.—Societa per Azioni Minero- 
Metallurgiche (SAMIM), the Government 
metals and minerals combine, increased its 
share to 64% of Sameton S.p.A., which had 
been a joint venture with Tonolli S.p.A., a 
family-owned company. SAMIM also plan- 
ned to acquire the remaining shares and 
eventually all of Tonolli's other domestic 
operations. The equal partnership, original- 
ly established in October 1983, controlled 
most of the country's secondary copper and 
copper alloy production, plus 60% of its 
secondary lead capacity, concentrated in 
nine plants, and additionally produced 
about 200,000 tons per year of semifinished 
products including metallic byproducts and 
compounds. Under Sameton, Italy became a 
large net importer of copper and lead scrap, 
as it was created to concentrate on the 
value-added end of the production chain. 

Japan.—Dowa Mining Co. Ltd. reportedly 
discovered a rich mixed sulfide ore deposit 
in the Nurukawa District with probable ore 
reserves of 1 million tons grading 10.3% 
lead, 21.1% zinc, 2.3% copper, 21 grams per 
ton of gold, and 318 grams per ton of silver. 

Korea, North.—A significant expansion 
of the existing lead-zinc mine complex at 
Kemdok was reportedly under way. In re- 
cent years, the operation reportedly utilized 
only two-thirds of the 900,000-ton-per-year 
estimated capacity of the lead and zinc 
concentrator. At capacity by 1988, the in- 
creased production was to be shipped to a 
new metallurgical complex under construc- 
tion at Tanchon, which was thought to be 
planned for the capability to produce 
300,000 tons per year of lead and zinc metal. 

Korea, Republic of.—Work continued at 
Korea Zinc Co.’s expansion of its electro- 
lytic zinc plant with installation of a new 
electrolytic lead refinery, which was sched- 
uled to open in 1986 at a rated capacity of 
35,000 tons per year. A new zinc-lead depos- 
it was reportedly under consideration for 
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development by Young Poong Mining Co. 
Ltd. near the existing mines at Taebaek, 
approximately 280 kilometers southeast of 
Seoul. 

Morocco.—Financing reportedly was se- 
cured for Société des Fonderies de Plomb de 
Zellidja's planned expansion of its primary 
lead smelter-refinery at Oued-El-Heimer. 
When completed in 1986, the capacity 
would be increased from 65,000 tons per 
year to 90,000 tons per year. À new movable 
Swedish concentrator, with a capacity of 
160,000 tons per year, was obtained for use 
at a potential deposit near Erradidia that 
could yield 10,000 tons per year of lead in 
concentrates. 

Peru.—Construction continued through- 
out the year on Peru's first privately owned 
primary lead smelter-refinery. By 1987, the 
plant at Sayán, near Lima, would have a 
capacity of 12,000 tons per year. Trial runs 
were reportedly begun by Fundición de 
Concentrados S.A. late in the year. Funding 
was obtained from the Inter-American De- 
velopment Bank and the International 
Bank for Reconstruction and Development. 
Expansions of two Empresa Minera del 
Centro del Perú mines, plus one new mine 
brought on-stream in the private sector, 
plus another expansion, raised Peru's ca- 
pacity by 16,000 tons per year to an esti- 
mated 221,000 tons per year of lead in 
concentrates at yearend. 

South Africa, Republic of.—Shell South 
Africa (Pty.) Ltd. initiated development of 
its new open pit Pering Farm Mine at 
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Reivilo in the Vryburg District of Northern 
Cape Province. Startup was expected in 
1986 with a capacity of 6,000 tons per year 
of lead and 33,000 tons per year of zinc by 
1987. Fry Metals Pty. Ltd. expanded its 
existing secondary lead smelter-refinery at 
Germiston, Transvaal, from a capacity of 
15,000 tons per year to 25,000 tons per year 
and closed its 10,000-ton-per-year secondary 
plant at Berlin, East London, in Eastern 
Cape Province. 

Spain.—A major expansion of Asturiana 
de Zinc S.A.'s Torrelavega Mine at Reocín, 
in Santander, reportedly was completed. 
The underground and open pit complex 
capacity was raised from 9,000 tons per year 
to 15,000 tons per year for lead, and from 
15,000 tons per year to 70,000 tons per year 
for zinc. 

Tunisia.—Société Tunisienne d'Expan- 
sion Miniére S.A. continued expansion de- 
velopment work at the existing Fej Hassen 
Mine and Fej El Ahdoum Mine at Ghar- 
dimaou and Le Krib, respectively, which 
was expected to bring an additional 17,000 
tons per year of capacity for lead and 10,000 
tons per year of capacity for zinc on-stream 
by the end of 1986. 

Yugoslavia.—Underground development 
at a new mine at Sastavci-Kizevak, with a 
projected capacity of 3,000 tons per year of 
lead, was expected to commence in 1986. 
Another mine in southern Serbia was ex- 
pected to come on-stream in 1986 with a 
capacity of 2,000 tons per year of lead. 


TECHNOLOGY 


A prototype lead-acid, battery-powered, 
jumbo ground transporter was placed in 
service for extensive testing during 1985 by 
one of the Nation’s leading cargo-carrying 
airlines. The introduction of the 15.5-ton 
tractor with an integrated roller flatbed 
was the latest in a rapidly increasing series 
of heavy-duty, specialized, ground-support 
electric vehicles coming into widespread use 
in the airline and ocean shipping industries. 
For example, battery-powered ground sup- 
port equipment (GSE) including pushout 
tractors, baggage tugs, and belt loaders 
penetrated the airline GSE market in the 
United States from near zero in 1980 to 
about 15% of all such vehicles in 1985, 
according to the Lead Industries Associa- 
tion Inc. The jumbo transporter was the 
latest of 13 such products introduced by the 
manufacturer during that time. The vehicle 


was powered by a 670-ampere-hour, 40- 
horsepower motor supplied by a 4-ton lead- 
acid battery system and reportedly could 
move at up to 12 miles per hour when 
loaded to its 15-ton maximum capacity. 

The Bureau of Mines announced a new 
process that extracts cobalt from Missouri 
lead-ore wastes. Although technically feasi- 
ble, the process is not economic at this time. 
However, shortage conditions and increased 
prices for cobalt could create conditions to 
help make extraction faster than would 
be possible from new domestic mines, ac- 
cording to the Bureau. The process is based 
on conventional flotation technology using 
a special chemical collector in which rising 
bubbles in the cell concentrate the cobalt- 
bearing minerals at the top for skimming. It 
was estimated that as much as 65% of the 
cobalt, and from 60% to 90% of other trace 
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metals in the tailings, such as silver, could 
be recovered. In recent times, Missouri lead 
ores have been at a competitive disadvan- 
tage on the world market because they have 
averaged only about one-half the coproduct 
and byproduct values of those found in 
other major lead-producing and exporting 
nations such as Australia, Canada, Mexico, 
and Peru. At yearend, research on the 
flotation process was continuing on a larger 
scale at an operating mill in cooperation 
with a commercial lead producer.* 

A comprehensive coverage of lead-related 
investigations and an extensive review of 
current world literature on the extraction 
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and uses of lead and ita products were 
published in quarterly issues of Lead Ab- 
stracts, Lead Development Association, 
London, United Kingdom. 


physical scientist, Division of Nonferrous Metals. 

3International Lead and Zinc Study Group (London). 
Lead and Zinc Statistics. ILZSG Monthly Bull., v. 26, No. 9, 
Sept. 1986, pp. 16-18. 

Work cited in footnote 2. 

“Battery Man. V. 28, No. 4, Apr. 1986, pp. 22-24. 

Cornell. W. L., D. C. Holtgrefe, and F. H. Sharp. 
Recovery of Cobalt 'and Other Metal Values From Missouri 
Lead Ore Concentrator Tailings. Paper in Recycle and 
Secondary Recovery of Metals, ed. by P. R. Taylor, H. Y. 
Shon, and N. Jarrett (Proc. Int. Symp. on Recycle and 
Secondary 5 Met., Ft. Lauderdale, FL, Dec. 1-4, 
1985). Metall. Soc. AIME, 1985, pp. 675-682. 


Table 3.—Mine production of recoverable lead in the United States, by State 


(Metric tons) 
State 1981 1982 1983 1984 1985 

Alaska `- W W W oe BEN 
RE EE 993 359 T234 w 681 
California ---.----------------- W W W W es 

Colorado 11.431 w W w 
r mue ⁰ʒ 88,397 W 25,893 W 83.707 
Ur, EE W W w w W 
Missouri ___-_.__~__-____---_- 389,721 474,460 409,280 278,329 371,008 
Montanaaͤe ee 194 661 1,163 W 846 
Nevada suu -= 8 W W 14 W ($) 
New Mexico... W W 258 er W 
New erk AA ee 968 1,065 1,299 W 
Le ou ee eee mined s W Eé W e be 
Tennesse SE? ES 2 W Ww 
Utah Ze 1,662 W Ps W M 
ginis os ⁵³˙ AA d ës EUM t ES 
Washington -- ----------------- EM W at m 35 
Total ————— —— —À 445,535 512,516 1449, 295 1822. 677 413,955 


"Revised. W Withheld to avoid disclosing company proprietary data; included in Total.“ 


‘Lees than 1/2 unit. 


Table 4.—Mine production of recoverable lead in the United States, by month 


(Metric tons) 
Month 1984" 1985 

TTT EE 42,001 31,778 
AT e ANN ea aes ras ie ⁵ ¼¼ 0 . y a et a 42,838 33,252 
|. m pdf ñ p SRI NIME 46,451 37 582 
Aprils gene e lam A ope, Sar a Ca Cle tO ET x A SNES ee 20,973 39,256 
| pc TP PVG 24,135 37,069 
ö ˙ð⁰i¹OA. ³˙omA— ꝛ˙² K.. Ter y REOS 12.282 32,485 
duly. EE 24.234 34,451 
TEE 23,588 34,808 
September ooo e ³ow RUN Se RU eaim nome era ee ee ei ee etn at 18,664 30,929 
JU ðV0ꝙ0i˙ ²¾ꝶ. NU“... cL 8 464 36,882 
November S oo te EEN 19,575 32,476 
Pf uuu Emm d tre Ir 8 25,412 32,987 
Total- o uunc Re Leu mna acu Rer ded ui e du Uni cc e nde RE 322,677 413,955 
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Table 5.—Production of lead and zinc, in terms of recoverable metal, in the United States 


in 1985, by State 
(Metric tons) 
Lead ore Zinc ore Lead-zinc ore 
State Gross Gross Gross 
weight Lead Zinc ra Lead Zinc rc Lead Ane 
) basis) basis) 
Colorado Ee uM Gei SES x nn Ww Ww Ww 
Id abo a SR E a eich 2m Ww w w 
Illinois inen E wo "t 8 Ead Lr Ux pee 
Kentucky cs E W is W eR WE z5 
issouri ___ _ __ 6,483,706 371,008 49,8340 mum Gen Gate ae ae oon 
Montana aS d THES SC e e E mc d. 
New Jersey ae pis 2 Ww I Ww Fe Eo KS 
New Mexico Se ae MM un 2a Ka E 22 zs 
New Vork e en oe W W W SE EES NN 
Tennesse SR Be A W W W ep xx EM 
Total 6,483,706 871,008 49,840 4,261,858 () 161,580 NI (?) ($) 
Percent of total 
lead or zinc _ xx 90 22 XX (1) 71 XX NI (?) 
Copper-lead, -tinc, 3 
copper 4 clin All other sources? Total 
Gross Gross Gross 
weight weight weight 
(d Lead Zinc (dry Lead Zinc (dry Lead Zinc 
basis) basis) basis) 
Arironaa SA =e P 51,010,198 581 n: 51,010,198 581 SEH 
Colorado ES? 22 — 31,508 643 W W W W 
NN as po^ "S C a W W W 290 1,337 83,701 W 
ooo a = 2 rr SS WE w W ) W W 
Kentucky SÉ Gei s Aa aes 28 W Ge W 
Missouri EES 12 82 — AA Ls 6,433,706 371,008 49,340 
Montana dës TET = 2,616,424 846 o 2.616,424 846 HERR 
Nevada. . ... x» — Ex 73 ($) ER 79 (9 ee 
New Jersey |... GE AI aes SCH Ta m W EPR 
New Mexico ES —— Ss WwW W Ee W W ae 
New Vork ES 3 ër € "T E wW W W 
Tennessee es SÉ v W ] W 5,313,817 W 104,471 
Total is Se -.- 56,685,942 42,947 15,675 67,131,506 413,955 226,545 
Percent of total 
lead or zinc _ XX =, zx XX 10 7 XX 100 100 


W Withheld to avoid disclosing company proprietary data; included in "Total." XX Not applicable. 

Included with “All other sources” to avoid disclosing company proprietary data. 
JJC Ee ̃ p ĩͤò ee pees cola 

ennessee in avoi osing company proprietary data. inclu and zinc rom copper, 
11 ege otic lead aod tine were byproducts, and molybden 
u in Illinois from which zinc were recovered as and mol um 
org in Idaho from which lead was recovered as a byproduct. 
than 1/2 unit. 
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Table 6.—Twenty-five leading lead-producing mines in the United States in 1985, 


in order of output 
Rank Mine County and State Operator Source of lead 
1 Buick Iron. MO ... —- AMAX Lead Co. of Missouri Lead ore. 
2 Magmont EE, EE be Cominco American Incorporated Do. 
3 Viburnum No. 29 Washi nM: .. St. Joe Minerals Corp- ------- Do. 
4 Fletcher Reynolds, MO . ... -— s ————— — Do. 
5 Casteel Mine (formerly Iron, au Er cd lu c oc m Do. 
Viburnum No. 35) 
6 Lucky Friday Shoshone, ID Hecla Mining COo Silver ore. 
7 Viburnum No. 288 Iron, ku St. Joe Minerals Corp Lead ore. 
8 Leadville unit Lake, C GO ASARCO Incorporated Lead - zinc ore. 
9 West Fork Reynolds, MW EE, `, SE Lead ore. 
10 Troy unit Lincoln, WM -d0 --------------- Copper ore. 
11 Balmat --------- St. Lawrence, Nx St. Joe Minerals Corp- 3 Zinc ore. 
12 Star Morning Shoshone, ID . Star Morning Co Silver = ore. 
13 Clayton Custer, ID_ ------- Clayton Silver Mines 
14 Morenci i! Greenlee, A Tr Phelps e Corp ---------—- Copper o ore. 
15 Sunnyside. ......- San Juan, C CO Standard Metals Cord 
16 Tiger. ---------- Pinal, 2 McFarland & Hullinger Gold-silver 
tailings. 
17 Black Pine Granite, 11!hf? Black Pine Mining Co Silver ore. 
18 Rosiclare Hardin and Pope, II Osark-Mahoning COOo uorspar. 
19 Ray- ----------- Pinal, AT ennecott_ ---—---------- Copper ore. 
20 Sunshine Shoshone, Ib Sunshine Mining Coo Silver ore. 
21 Eisenhower Pima, A V ASARCO Incorporated |... Copper ore. 
22 Canyon Silver Shoshone, Id Canyon Silver Lease -zinc ore. 
23 Camp Bird Ouray, e o ban? Federal Resources Corn Silver ore. 
24 Galena Shoshone, ID ------ ASARCO Incorporated ....... Do. 
25 Bulldog Mountain Mineral. co Homestake Mining Oo Do. 
Table 7.—Refined lead produced at primary refineries in the United States, 
by source material 
(Metric tons unless otherwise specified) 
Source material 1981 1982 1983 1984 1985 
Refined lead: 
From primary sources: 
Domestic ores and base bullion _____.._.._..---- 440,238 459,865 459,328 330.168 416,091 
Foreign ores and base bullion `- . - -------------- 55,085 52,295 55,227 65,09 71.353 
C77 ⅛³»W⸗nn. 495,323 512,160 514.555 395,577 487,444 
Calculated value of primary refined lead? |. . . thousands. _ $398,908 $288,377 $245,938 $222,821 $204,899 


Value based on average quoted price. 


Table 8.—Stocks and consumption of new and old lead scrap in the United States, by type 


of scrap 
(Metric tons, gross weight) 
Consumption 
Stocks, KEEN Stocks, 
Type of scrap Jan. 1 Receipts New Old Total Dec. 31 
scrap scrap 
1984 
Smelters, refiners, others: 

Soft leddee 22 L ccc 1,477 $1,276 Se $1,305 $1,305 1,448 
Hard lead `- ----- ,004 19,124 er 19,506 19,506 1,622 
Cable led 1,924 12,705 ei 13,379 13,379 1,250 
Battery-lead plates 42,411 "673,457 dx F686 132 686,132 29,736 
Mixed common babbitt 130 1,956 io 1,801 1,801 285 
Solder and tinny lead 997 717,284 — 716,144 716,144 72,137 
Type metals __________.-_-_- 591 4,181 Ge 4,270 4,270 502 
Drosses and residues 5.706 766,191 164, 086 RON 64,086 7 811 
„ oe bo es a 55,240 826,174 64,086 772,537 836,623 144.791 


See footnotes at end of table. 
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Table 8.—Stocks and consumption of new and old lead scrap in the United States, by type 


of scrap —Continued 
(Metric tons, gross weight) 
Consumption 

Stoc 2 52 ——— e —— OASE 

Type of scrap x Receipts New Old Total oa 
scrap scrap 
1985 
Smelters, refiners, others: 

Soft leaddꝓee 1,448 31,156 zd 81,128 31,128 1,476 

Hard Lead... 1,622 14,352 HM 15,280 15,280 
Cable lead. ___ 1,250 3,278 fa 3,908 8,908 620 
Battery-lead plates 29,736 643,157 E 646,118 646,113 26,780 
Mixed common babbitt |... 285 1,623 mE 1,610 1,610 298 
Solder and tinny lead... 2,137 20,656 a 19,937 19,937 2,856 
metallss _ 502 3,370 a 3,362 3,362 510 
Drosses and residues `... 7,811 58,460 57,245 Ge 51,245 9,026 
Total ``- --------------- 44,791 776,052 57,245 721,338 718,583 42,260 


"Revised. 
Includes remelt lead from cable sheathing plus other soft lead scrap processing. 


Table 9.—Secondary metal recovered' from lead and tin scrap in the United States 


(Metric tons) 
Lead Tin Antimony Other Total 
1984 

Refined pig lege.. 247,929 ate 26 a= ¥247,929 
Remelt legal 15,502 cd we T 15,502 
Total AA 7263,43] M Rn ae 7263, 431 
Refined pig tin . ENS 1,097 Sa ze 1,097 
Remelt tin --- -- --------------— s 10 n "n 0 
Total tee ES E 1,107 cafes bet 1,107 

Lead and tin alloys: 
Antimonial lade 1827, 803 894 712.292 7341,674 
Lead-bese babbitt............_ 1,481 123 162 TN 1,766 
i 18,102 ,653 178 5 21,938 
CIT PERS URINE CUT: 2,312 142 329 4 2,787 
r alloys including cable lead 5, 51 29 2 5,150 
Total cease aE 1854, 766 4,868 712,990 696 "373,315 
Tin content of chemical products... ee 301 ae NIS 1 
Grand total... ™618,197 6,271 12,990 696 638,154 

1985 

Refined pig led. 249,904 23 SÉ D 249,904 
Remelt lead 13,361 Ze? SC Ge 13,361 
„ cst le Bei Lu 263,265 SE Bas d 263,265 
Refined pig tinnen E 1,292 NE E 1,292 
Remelttin -—-----------------—— eS 10 ten 22 10 
Total oca onem v e AS 1,302 um z3 1,302 

Lead and tin alloys: 
Antimonial lead `... 287,967 791 9,722 524 299.004 
Lead-base babbitt.. 2... 1,195 88 130 4 1.417 
Solder ss. ---------------—-- 21,647 3,565 161 10 25,383 
UP J PRENNE EDAD ME hs 1,912 122 281 8 2,318 

r alloys including cable lead 3,235 10 6 1 

/ͤÜ˙¹¹owꝛ³o˙Gꝛ cem es 815,956 4,516 10,300 542 331,374 
Tin content of chemical products `... — le 186 eds Sa 186 
Grand total... 579,221 6,064 10,300 542 596,127 


"Revised. 
Most of the figures herein represent actual reported recovery of metal from scrap. 
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Table 10.—Secondary lead recovered in the United States 
(Metric tons unless otherwise specified) 


1981 1982 1983 1984 1985 
metal: 
, e 282,154 240,476 189,602 "263,431 263,265 
In antimonial leadllſgsll „ 304.376 284.367 271,638 "327,803 287,967 
three --- ---- -~-~ - ------------ 54,575 46,433 42,261 42,140 42,954 
Total: 
Quantity eu ß xem ned 641,105 571,276 503.501 "638,374 594,186 
Velie EE thousanda. . $516,313 $321,663 $240,655 "$266,284 $249,808 


TRevised. 
1 Value based on average quoted price of common lead. 


Table 11.—Lead recovered from scrap processed in the United States, by kind of scrap 
and form of recovery 


(Metric tons) 
1984 1985 
KIND OF SCRAP 

New scrap 

ee us us 
(oleo MEC d 

i Naas JV MEER eR Te Oe E SEY E § 
Total c ar Bh U—! «r». t ee Be ae 47,625 42,720 

Old scrap: 
Battery-lead plateeuwe·e· n ~~ ee eee 486,555 463,418 
All other lead-base ______________________ ee 787.130 76,047 
Coppet base ] ꝝ²́˙idſſ. ³ § ];õꝗꝗ] 12.064 12,000 
1717777 TERN ECCE PRO y . a eats Se se 1 
z.. ⁵ ee et e S fis 585,749 551,466 
Grand total «cnl ³⁰ꝛ eee ede y uL 633,374 594,186 

FORM OF RECOVERY 

Agen EE 263,431 263,265 
Hime ę ) d eee ees ce a 1327.80 287.967 
In other ele, eo ee eee ee 26,793 27,949 
In copper-base h ——1—” : 15,342 15,000 
In tin IJ! Cc HEMOS 5 
EE "633,374 594,186 
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Table 12.—U.S. consumption of lead, by product 


(Metric tons) 
Product 1984 1985 
Metal products: 
Ammunition: Shot and bullets |... -- ---------- 41,828 50,233 
Bearing metals: 
Machinery except electrical! „„ 894 332 
Electrical and electronic equipment 254 249 
Motor vehicles and equipment- - ----------------—- 2,898 3,875 
Other transportation equipment 631 936 
Total ing metals 4.677 5.392 
Brass and bronze: Billets and in goes 6,954 7,823 
Cable covering: Power and communication . 12,270 15,501 
Calking lead: Building construction -G- 3,966 2,288 
Casting metals: 
Electrical machinery and equipment 1,649 1,842 
Motor vehicles and equipment 162 1,020 
Other transportation and equipment 7,913 11,145 
Nuclear tion shielding ~- ------------~------- 5,480 
Total casting metall 15,804 19,414 
E traps, other extruded producta: 
nein constructiiunEvuhlukkk A 11,371 11,457 
rage tanks, process vessels, etc 2,287 
Total pipes, traps, other extruded p: aucts _______- 13,658 11,855 
Sheet lead: 
Building construction - ~ - - - 2 222222 cl 2 lll lll 13,371 11,396 
Storage tanks, process vessels, etc- .....-.------- 160 ,602 
Medical radiation shielding -.------------------- 1,128 1,833 
Total sheet lead - ~- -~ -------------------- 14,665 14,831 
Solder: 
Building construction - - - -------------------— 6,543 4,469 
Metal cans and shipping Pan Mee n EROS 3,275 2,894 
Electronic components and accessories... 5,361 4,181 
Other electrical machinery and equipment 2,226 2,597 
Motor vehicles and equipment 7,036 7,221 
Total solder |... ~~ o 24,441 21,374 
Storage batteries: 
Storage battery grids, post, et „ 426,300 468,746 
Storage battery oxides... - -- --------------—- 439,242 372,194 
Total storage batteries 865,542 840,940 
Terne meta): Motor vehicles and 1 C 6.074 5,088 
Type metal: Printing and allied industries 2,162 1.623 
Other metal product) 8,284 5,570 
Total metal products... ---------------- 1,026,325 1,001,932 
Other oxides: 

Lip yes pp NE ICT PENES 17,360 14.056 
Glass and ceramic produ et 46.102 44,146 
Other pigments and chemical 13,346 14,561 

Total other oxide 76,808 12,763 
Gasoline additives... LL LLL LLL L2 Le 78,933 45,694 
Miscellaneous uss 24,967 21,909 

Grand total ocu Sas eS ea 1,207,033 1,148,298 


Includes lead consumed in foil, collapsible tubes, annealing, galvanizing, plating, and fishing weights. 
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Table 13.—U.S. consumption of lead, by month: 


(Metric tons) 
Month 1984 1985 

TC EE 124,906 95,761 
JG. cC NP TIED ac ane AE 99,484 102,639 
March- ons n uM c CE ðr˙ T. ML EE 103,905 101,880 
/ Lesern be el Re ee c e 93,737 91,322 
^) AMNEM Vapor ,636 93,091 
CCC/ö C ſ) ! LI D LC D MALLA ND LE EE 101,698 83,348 
Ani deem ECT cM ——— 8 ,107 72,971 
EE m.; 8 103,202 111,165 
September e EE 102,068 108,911 
VU eM KNIT UEM ĩ CHEN 111,290 107,582 

November: ß ß ß 96,948 
DeceémBero ß vele p p E EE 95,057 83,329 
NEE 1,207,083 1,148,298 


Monthly totals include monthly reported consumption plus the prorated monthly distribution for companies that 
report on an annual basis only. 
cludes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide. 


Table 14.—U.S. consumption of lead in 1985, by State! 


(Metric tons) 
Lead in : Lead in 
Refined : : Lead in 
State antimonial copper- Total 
soft lead alloys base scrap 

Californiinknk 49,705 35,827 6,519 441 92,498 
Coloradddboo oo 1.002 31 1.365 
Connecticut UU U! 3,612 4,509 Rite 179 8,300 
District of Columbia `... -_ - 5 Acs yam cum 5 
Floridqdgz dz 11.558 7.597 1.252 zs 20,401 
Georgia ß eme a 22,500 7,860 4,367 ae 34,727 
Ilinois. Lecce ee ow ee 29,813 87,550 622 603 10,588 
Indiana EE 192,795 30,383 10,932 620 234,730 
. Aes eect AST, ed 12,245 6,633 4,495 TN 23,373 
Kentucky- ou num ee wee utn 9,949 10,568 2,319 E 22,896 
aryjand.. - -----------------—- ER Së 87 
Massachu sette 556 168 24 48 196 
Menges 13.993 12,321 127 23 26,441 

Missou Mai 10,596 18,432 "t : 
Nebraska. __~_ ~~~. ~~~ 2222 8 — 389 716 1,108 
New Jersey -_._.-_---_--------- 48,432 812 199 49,465 
New Vork 12,979 5,673 6,780 25,432 
Ohio- - cee. es ce ee eas 19,256 13,958 3,917 219 31,350 
PennsylvaniakakakakaK‚s 93,393 41,458 30,321 1,237 166,409 
Rhode Island 1,922 41 nme 1,975 
Tennessee 1.371 8.142 1.628 88 11.229 

Virginia and West Virginia 50 1.154 23 1, 
Washington... 13,257 634 SCH Sa 13,891 
r 966 121 aa 48 1,135 
Alabama and Mississipe tt! 9,293 4,865 2,084 1,568 17,810 
Arkansas and Oklahoma 1,806 465 15 ce 2,286 
Hawaii and Oregon - nn 3,532 9,260 623 p 13,415 
Iowa and Minnesota _______________ 11,278 18,996 4,292 im 34,566 
Louisiana and Texas 83,563 20,291 4,379 Li 108,233 
Montana and Idaho_ ______________ _ 76 no en e 16 
New Hampshire, Maine, Vermont, Delaware 14.181 14,317 TM 30 28,528 
North Carolina and South Carolina 88,060 25,393 4,603 =e 68,056 
Utah, Nevada, Arizona 202 26 177 Se 405 
Total ee i ee ce eee 712,034 336,304 93,956 6,004 1,148,298 


‘Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide. 
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Table 15.—U.S. consumption of lead in 1985, by class of product 


(Metric tons) 
Lead in Lead'in Lead in 
Product Soft lead antimonial all copper- Total! 
lead oys base scrap 
Metal products ___________________ 68,032 61,412 25,545 6,003 160,992 
Storage batteries 502,701 213,161 64,472 = 840,940 
Other ox ide s 72.763 T Es ae 72,763 
Gasoline additives 45,694 e EN D 45,694 
Miscellaneous `... 22,844 1,125 3,939 1 27.909 
VT LEES 712,084 336,304 93,956 6,004 1,148,298 


Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide. 


Table 16.—Production and shipments of lead pigments' and oxides in the United States 


1984 1985 
Pro- Shi ts Pro- Shipments 
Product duction — ~~ duction Mein Spec 
(metric etnc 2 (metric etric 
775 Sai We Value dei. iona Value? 
White lead, dr... 1,205 1,225 $1,534,515 477 483 $193,506 
Red lead _________________ 11,629 11,236 10.046.120 W W W 
Lithar ge 60.139 56.898 48.468.634 85.372 83,933 52,244,577 
Leady oxide 462,329 du ies 380,440 ees m 
W Withheld to avoid disclosing company proprietary data. 
1Excludes basic lead sulfate; withheld to avoid disclosing company proprietary data. 
* At plant, exclusive of container. 
Table 17.—Lead content of lead pigments: 
and oxides produced by domestic 
manufacturers 
(Metric tons) 
Lead in pigments 
Product from pig lead 
1984 1985 
White lead |... 2222... 964 882 
Red lead... 10,582 W 
Lithar nee 55.929 79,396 
Leady oxide 439,213 361.419 
g shee ara se re he 506,688 441.197 
W Withheld to avoid disclosing company proprie 
data; not included in “Total.” kd ei 
1Excludes basic lead sulfate; withheld to avoid disclosing 
company proprietary data. 
7Excludes red lead. 
Table 18.—Distribution of red lead shipments in the United States, by industry 
(Metric tons) 

Industry 1981 1982 1983 1984 1985 
ER, 3,172 2,395 2,533 2,384 WwW 
P1111 C oM DR ars 2,307 (3) NI (*) wW 
Storage batteries 7,573 (3) (y () W 
CU «˙²˙õꝗ ͥ⁰ ⁰me AE et Be ee 2.025 11.274 12.364 8,852 W 

Total cunc DTD 15,077 13,669 14,897 11,236 W 


W Withheld to avoid disclosing company proprietary data. 
1Withheld to avoid disclosing company proprietary data; included with “Other.” 


— 
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Table 19.—Distribution of litharge shipments in the United States, by industry 


(Metric tons) 
Industry 1981 1982 1983 1984 1985 
Ceramics _----------------------—- 34,732 30,980 36.782 37,960 65,413 
Chrome pigments . ------------------ 4,247 6,591 5,973 4,367 3,794 
Oil refining - - -- ------------------- 227 W W W W 
Paint... Se mec ci ⁰ ecd et 3,765 3,052 3,256 3,635 3,397 
Rubber eee 1,107 787 933 1,016 139 
Other Abee Ee end EE 3,063 10,267 9,596 9,920 10,590 
Total qe Kd 8 47,141 51,677 56,540 56,898 83,933 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Table 20.—U.S. imports for consumption of lead pigments and compounds, 


by kind 
1984 1985 
Kind Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
White ledd 22 Lc 22222. 442 $524 315 $426 
Red lead. `- ------------------ 923 553 710 340 
Litharges — mou Ee eur 12,726 6,314 9,955 4,074 
Chrome yello vb 2.322 4.223 2,886 4,426 
Other lead pigments `... 342 1,189 536 1,138 
Other lead compounds 2,326 2,219 1,870 2,064 
Total- cee Se Ok ee cct 19,081 15,022 16,272 12,468 


Source: Bureau of the Census. 


Table 21.—Stocks of lead at primary smelters and refineries in the United States, 


December 31 
(Metric tons) 
Stocks 1981 1982 1983 1984 1985 
Refined pig led 78,836 73,455 58,267 47,696 83,857 
Lead in antimonial lead 666 W W W W 
Lead-base bullion . 2.2 2222222222 4,872 4,252 5,551 5,837 2,945 
Lead in ore and matte 55,833 41,830 42,831 81,546 41,148 


%% ·A Ar 140.207 125.537 106.661 135,079 127,950 


W Withheld to avoid disclosing company proprietary data. 


Table 22.—Stocks of lead at consumers and secondary smelters in the United States, 
December 31 


(Metric tons, lead content) 


Lead in : Lead in 
Refined : : Lead in 
Year antimonial copper-base Total 

soft lead lead alloys scrap 
ISR] d ee EEN 69,636 46,194 6.523 R63 123,216 
J A 51.036 40.118 5.346 709 7,209 
„ 8 57,881 37,159 5,085 646 100,771 
Iͤ 88 153,802 37,015 5,326 934 197.077 
Ü. 50.475 36,374 5.770 511 93,130 
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Table 23.—Average monthly and annual quoted prices of lead! 


(Cents per pound) 
1984 1985 
Month US. London US. neni 
producer Metal producer 
Exchange Exchange 
January EE 25.12 18.01 19.09 19.08 
VVV 25.03 20.82 17.68 175 
Fol EE ce f AM 
EE 26.43 21.83 19.92 17.66 
J)) ͤ OU En SIR Oe 25.37 20.54 20.11 17% 
TTT 30.51 2231 1885 Wë 
"LEE : i : 
AUF EE 28.24 21.18 19.10 18.74 
7% 8 22:33 1867 1893 1788 
Tr oe ee ES . d . 
November... 25.25 19.96 19.05 17.86 
Dede eee ee oe 21.89 18.83 18.97 17.01 
Average 25.55 20.12 19.07 17.84 
!Metals Week. Quotations for the United States on a nationwide, delivered basis. LME cash average. 
Table 24.—U.S. exports of lead, by country 
1984 1985 
Country Quantity Value Quantity Value 


(metrictons) (thousands)  (metrictons) (thousands) 


Ore a concentrates (lead content): 


))) PUEDEN AET ee 11,615 $4,627 7,529 $2,986 
Germany, Federal Republic olf ES uns 642 734 
ani )))) E 54 40 E AE 

pah uec uu ⁵ĩð ͤ Liu 8 8 EI , 
Mexico- EE 13 23 1 
Netherlands ee oe 354 410 
United Kingdom nns 66 56 GEN DS 
OURO < ona aa wee, beer 20 24 1 1 
Total uade EE 11,858 4,760 9,987 4,503 
Drosses and residues including flue dust (lead content): 
Belgium-Luxembourg- -_-- 2,458 622 1,894 557 
Ü ĩð TC 4.353 1.080 1.831 359 
„„ ß 274 562 3,527 1.186 
Denmark Lau EE 473 496 zu m 
e e m em 91 50 
„ . ee Do aos eee ee ae s 35 25 
Germany, Federal Republic of. 273 162 161 195 
Ai. eue ³ es ee 60 224 
Netherlands %% LE VL D 88 3 102 63 
United Kingdom - - - -----------------—-— 1,268 2,421 2,210 2,929 
OUNCE chee Shen ths x pees ces ee 16 4 67 144 
Total det See eee ena Oe ee ee a 9,118 5.352 9.978 5.732 
Unwrought lead and lead alloys (lead content): 
Australia: cu yd al es re Ld 1 1 
Belgium- Luxembourg 113 1.832 206 1,177 
ise at eee oa ae ey Y (y) 5 1,498 421 
Canada cos dra EE 2,817 2,181 1,783 1,006 
CW Bian st dL uestes uei dn A n 17 178 385 630 
CCT moe dur y Lee on eco 8 288 1 26 
Dominican Republic... 56 42 67 60 
/ ⁵Ä ...... x 105 302 346 214 
Finland EEN 36 ates Ser 
At EE EE 3 11 3 
Germany, Federal Republic of 104 80 14 52 
Gbana eaaa VL k ß Ld E 100 66 1 5 
Hülll Leu ]%ꝛ • “. EE 36 27 128 119 
Honda 8 3 4 ue 
Pies )))) A aah NN TA 216 
7 ¼ ¼Üm Ee ie 148 184 71 
Korea, Republic ol 95 169 761 1,052 
Mexico.______________._.__.___..._- 584 766 364 
Netherlands 66 850 15.511 8,428 
Netherlands Antilles ER "n 34 24 
Nigeria `. -2-2-2222 -- m 310 195 
Panama S unu ͥͥ aS oS ance Kp: SR 56 51 


See footnote at end of table. 
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Table 24.—U.S. exports of lead, by country —Continued 


1984 1985 


Country Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 


Unwrought lead and lead alloys (lead content) — 
Continued 


i c 121 128 2 5120 
ii ⁵ð 1 
Saude LK) TEEN 5 5 ag Sr 
Singaporertre „„ 
Taiwan CMM RUM DOM FOREN 12 15 687 316 
United Kingdom... ----------------- 108 115 2,298 1,381 
enezuelaJAl 2222- 7 39 2 
Other ol ]² ů ę . te 78 157 142 217 
1171 ³ĩð—2WA. 4.960 7.669 25,378 16.200 
Wrought sone and lead alloys (lead content): $ ? ic 
a 2 ⁵è—¹-.wu0n SH = 39 43 
Belgium-Luxembourg. - - - - - - ------------- 91 a 2 
ö ea s us i oe E A ae SE 22 30 
adl 45v ee Rai oe mE eee e 495 516 367 656 
%%% ee eae e Races 17 25 Ree MIS 
. 7.üãöͤöõãö0ö;W ?ʃn88 4 8 5 11 
J ĩð2uhùvſſ0ä]ſjſ 8 15 34 8 36 
Germany. Federal Republic of... 11 19 41 178 
hh. ³oü . ⁰ 11 23 5 12 
Hong Kong «„ 33 50 5 36 
I i ae EN We 2 2 
TT os eh ers eatur em ee ok zc 2 8 
Haly ³˙Ü icc AAA ieu us uc: 1 1 1 
— — E NE g 
rea, Republic of- ----------------- -= 
i Lerma RE a a ae 1,273 5,190 610 2,861 
Netherlands 4 6 1 7 
Panama o nume ee ct SE 14 33 1 7 
a 7J7ͤͤ V0 oot 10 30 NT E 
EN 21 3 4 
pore - - ---------------------- 
Span ))) 8 () 1 BAN on 
Tiwai eeh Eet 319 543 236 
United Kingdom ` - - -- ------------------ 185 393 63 98 
Venezuela 121 60 69 
)))))blͤ 8 34 202 39 200 
Total woes So ma nu cie ae ee ee 2,485 7,545 1,964 4,777 
Scrap (gross weight): 
TT TEE 8 Ka 18 8 
Belgium- Luxembourg 345 383 176 
CEC 6. 45 hoe A 8 5,861 1,192 14,475 2,920 
DIT EU" 6,117 2,190 3, 917 
Colombia ß ß 5.649 548 6,185 882 
%%% oe Se ee ee 430 516 X Dus 
JJ ð EE 59 58 2 7 
Germany, Federal Republic oh 904 480 1,525 266 
Hong Kong os ð iy ðͤ d ER 156 77 15 7 
Indi oo oe ß eet se 298 167 450 88 
Ireland. ³˙*ñ;ꝛ ̃ jʃ ?ʃñ ð K ĩð zv ca E n 213 77 
hab EEN n 3,528 495 
m PME HONO ĩ E 336 166 1,540 1,002 
Korea. Republic of.. --- ---------------—- 1,550 331 3.053 
E EE 2,873 823 1,832 346 
Netherlands 262 293 182 143 
Philippines nuuc xu : 1,000 239 Et. Se 
J ⁵⁵ͤP ERG 513 73 18 2 
Switrerladdii -__-_ ~~ ~__--__ S nee 
EE Ope ⁵8 13,530 2,803 17,262 2,477 
Trinidad and Tobago -.---------------—-- 3,541 520 
United Kingdom 659 400 1,633 891 
Venezuela... cee oe he eke 992 300 3,738 1,067 
Ropa uo MOS CERO Pere Ne SR an HERES 22 11 67 174 
TOU ⁵˙ð˙w w 45.097 11.575 59,949 12,963 
Grand total. 73,518 36,901 107,256 44,175 
‘Lees than 1/2 unit. 


Source: Bureau of the Census. 
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Table 25.—U.S. exports of lead 
. X Wrought lead and 
Blocks, pigs, anodes, etc. lead alloys Scrap 
Sheets, plates : Drosses, etc. 
Unwrought d Foil. powder, weight) 
Unwrought rods, other 1g 
Year alloys forms flakee 
Quan- Value an- Value Quan- Value Quan Value Quan- Value Quan- Value 
( 11 5 (thou- ( rete (thou- (necis (thou- ( iners (thou- ( nete (thou- e (thou- 
tons) sands) tonii sands) tona) sands) nai ds) tonal sands) tona) sands) 
1983 __ 13,244 38.895 4,440 $2,409 2,406 $6,866 359 $920 50.918 $13,139 3,902  $3.080 
1984 __ 3,732 4,849 1,228 2.820 2,156 7,058 329 487 45,097 11,575 9,118 §,352 
1985 __ 23,468 14,050 1,910 2,150 1,870 4,635 94 142 59,949 12,963 9,978 5.732 
Source: Bureau of the Census. 
Table 26.— U. S. imports! of lead, by country 
(Lead content) 
1983 1984 1985 
Country Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) 
Ore and concentrates:* 
Australi ß cau bu 10,002 $2,865 17,024 $5,689 12,260 $2,407 
C etree OD Uma ps eo OX 816 390 Pu Re 
7J77%7%%%ͤ—᷑ẽAA. 00d BT... 6,143 1,234 14,127 5,242 5.195 1,246 
)Cöͤ§öÜ˙᷑ d ß 8 a S 904 189 765 106 
H ⁵ðZi( ð2:u eech 8,663 3,945 5.370 2,889 1,568 757 
IE! Ee ee dus ae SA 5,103 1,664 oe =e 
MEXICO: Eege 4 1 2,803 1,630 4,321 1,356 
Pérou a c RA ee 22,102 7,041 22,118 8,671 15,176 4,017 
South Africa, Republic ofſ- -- Wt. Mee TM 25 3,381 1,316 
Kitenge ee ee 2 1 5 2 Foe ze 
Toll 22 4 ore E 47,516 15,087 68,870 26,366 42.665 11,205 
Base bullion: 
Candi un ⁰oðÜ¹1 amus EA ct dea des 28 12 19 10 713 375 
France o. oe ee ae num adu See ‘ae zu 18 8 mts TN 
e ee e nu ie eiui EE 25 10 6 31 48 
Other PNE ß at o HERE ($) 1 (*) 2 WE? SN 
Totál E 53 23 43 51 *760 398 
Pigs and bars: 
Australli-- ooo al es ele E 10,883 3,825 10,884 5,187 8,627 1,758 
Belgium-Luxembourg ----------------- 322 2,273 231 282 15 13 
Canadas. ĩ˙ii. y adu 72,655 31,578 94,893 50,103 90,056 83,783 
Denmark EE a zc 11 ME iem 
France EE Ze " SC en 20 9 
Germany, Federal Republic of 1,022 7,020 1,528 4,205 542 3,080 
1õÄͤÜ E EE 113 7 418 316 ee a 
Mexico i ov e eR ah ot 34,861 14,071 39,502 19,158 83,771 13,271 
Netherlands `. 11 116 10 
NEE ew cee Rp hae a 10,096 3,526 9,205 4,349 5,150 1,770 
South Africa, Republic oaee „ a S 496 275 EN ie 
dn Jö ði M e ete 8 e pes 8,184 1,635 i -- 
nited Kingdom `... 716 898 974 943 337 807 
JJ ͥ cma ER iL. 53 92 123 58 ES RS 
h ee see 130,732 63,446 161,565 86,607 133.529 54.514 
Reclaimed scrap, including droeses:* 
Australia -2-2-2-2 2,212 347 1,302 359 I» id 
Bahamas ``- 2-222222- 90 6 Sëch on e -- 
RT, TEEN 2,718 861 2,311 1,099 1,118 454 
MEXICO uc eta uus oe EE 1,551 371 2,638 864 2,035 720 
United Kingdom `... 93 20 48 23 EE E 
Other PRUNUS ³˙⁰m TRENT 29 106 3 13 15 34 
Total sete es eee a a ee ue 6,753 1,711 36.303 2.358 3.168 1,208 


See footnotes at end of table. 
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Table 26.—U.S. imports! of lead, by country —Continued 


(Lead content) is gs 
1983 1984 1985 
Country Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- 


tons) sands) tons) sands) tons) sands) 


Pigs and bars: 
London Metal Exchange (return of U.S. brands)® _ 42,000 $16,945 iz Së ac E 
Grand 227,054 97,212 236,781 $115,388 180,122 367,325 


1Data are “general imports”; that is, they include lead imported for immediate consumption plus material entering the 
country under bond. 

2Also includes other lead-bearing materials containing greater than 5 troy ounces of gold per short ton, or greater than 
100 troy ounces of total precious metals per short ton. 

3Data do not add to total shown because of independent rounding. 

Less than 1/2 unit. 

5A1so includes other lead-bearing materials containing greater than 10% by weight of copper, lead, or zinc (any one). 

*Bureau of Mines estimate. 


Source: Bureau of the Census. 


Table 27.—U.S. imports for consumption of lead, by country 


1983 1984 1985 
Country Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- 


tons) sands) tons) sands) tons) sands) 


Ore and concentrates (lead contenti” 


nadi o lal ler Sl iL dec 483 $112 1,843 $477 SH 
Chilec- lcu ee a tein Eres = 5 765 $106 
Honduras- ̃ A ³ AA SU eia diee eis e 1,522 614 4,121 2,201 1,568 757 
italy Scl hod Set NS et Sache i e gt SS ae 1,569 46 
Mexico d ee 1 2,654 1,550 317 116 
FFC TTT ³˙—0 es Sis 17,742 4,924 19,695 7,226 eh UN 
Lë, TEE 1 "e TET 
rr ³Ü - 19.753 5,712 29,888 11,923 2,649 979 
Base bullion (lead content): 
ada c su icr cu uu ct a 28 12 19 10 713 375 
EFHDOB oo ae ie ers ice mo. a a um es Sé 2 18 8 P Ex 
E dE 25 10 6 37 48 23 
Oi cece e ere d a oe oo Sa 3) 1 (3) 2 E Gs 
NEE 53 23 43 57 760 398 
Pigs and bars (lead content): 
Australia `- --------------—--—--- 14,508 4,604 9,978 4,364 91 443 
Belgium-Luxembourg --~--------------- 322 2,273 231 282 15 14 
Cañada octo du mE cuu E vere 12,655 31,578 94,815 50,062 90,056 33,783 
Denmark . ee tet ede m3 zx 11 4 LJ zz 
Prance ` o c D Lo ⁰y ue EE J2 AKE oe ene 20 9 
Germany, Federal Republic of `... 1,022 7,020 1,528 4,205 542 3,080 
UOTE Ses ͥ ³i¹¹¹¹·. C Se Big ace ee x 907 441 1,361 664 
Italy d uc ete %o». ⅛ y ALLE EN i E 113 79 419 316 
Mexico uuu ee P 84,861 14,071 39,502 19,158 33,711 13,211 
Aeneas sh toc SS ea sath idan, Tre EN 116 1 
PHARES E EM 10,096 3,526 9,205 4,349 5,150 1,770 
South Africa, Republic ol; EN a 496 E T 
Unite tud uL OL ͤ Seen ee eal CE Eu SR 3,184 1,635 SÉ af 
ted Kingdom `... 716 898 974 943 337 807 
JV Eege ae Bes §3 92 121 58 ae zc 
KEE 134,357 64,225 161,489 86,189 — 131,353 53,864 
Reclaimed scrap, etc. (lead content). 
Australia ~~. Le 6 6 27 30 iud 
Bahamas 90 6 EA? E 3 
Canada x ee es Prk 2,443 831 2,311 1,099 1,118 454 


See footnotes at end of table. 
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Table 27.—U.S. imports for consumption of lead, by country —Continued 


1983 1984 1985 
Country Quantity Value Quantity Value Quantity Value 


(metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) 


Reclaimed scrap, etc. (lead content)* —Continued 


Guatemala ` EC TES 14 $6 s AS ae EN 
Mexico o oc cecinere aea oe ee 1,551 371 2,638 $864 2,035 $120 
United Kingdom `... 93 20 48 23 >% T 
l.. ĩðVj / ðͤ K le 15 100 3 13 15 88 

Total? t ous —B— ww. 8 4,212 1,340 5,026 2,029 3,168 1,212 

Sheets, pipe. shot, other forms: 

Belgium-Luxembourg ----------------- 16 32 90 107 44 57 
RN, TEE EE 228 238 471 837 419 627 
Germany, Federal Republic off 216 1,189 315 1,693 149 576 
Ill! ³³ AAA a Ete z eS (3) 2 1 13 
Mexicó Lema ⅛ r. A eee ees 10 64 669 853 164 147 
Jö rot n cu ĩͤ vv ĩ A SH Sieg HN e 121 61 

E eebe MIETEN Sie ON = E BE 36 11 
United Kingdom nnn 3 14 51 128 1,027 809 
Others ee es 23 95 72 424 20 216 


. eee ee ats 496 1,632 1,667 4,044 1,981 2,517 


Pigs and bars (lead content): 
London Metal Exchange (return of U.S. brands“ 42,000 16,945 SE Sg 8 — 


Grand tet! rcc 200,871 89,877 198,108 104.241 139,912 58,970 


Also includes other lead-bearing materials containing greater than 5 troy ounces of gold per short ton, or greater than 
100 troy ounces of total precious metals per short ton. 

2Data may not add to totals shown because of independent rounding. 

Less than 1/2 unit. 

Also includes other lead-bearing materials containing greater than 10% by weight of copper, lead, or zinc (any one). 

Bureau of Mines estimate. 


Source: Bureau of the Census. 


Table 28.—U.S. imports for consumption of lead 


(Thousand metric tons and thousand dollars) 


3 Base bullion Pigs and bars Sheets, plates, strip, 
Year (lead content) (lead content) (lead content) other forms 


Quantity Value Quantity Value Quantity Value Quantity Value 


198) DCN 21 20,196 (3) 340 100 87,026 NI 564 
T 19 8.784 (©) 28 95 58,633 (?) 646 
KT EE 20 5,112 (2) 23 2176 281.170 1 1.628 
1984 a epee ee 30 11,923 È) 57 161 86,189 2 3,720 
ET 3 979 1 398 131 53,864 2 2,394 
Dross, skimmin 
Waste and scrap 1 e Powder and 
(lead content) (lead SEH flakes Total value 


Quantity Value Quantity Value Quantity Value 


1981 mec oe 2 1.568 1 652 (3) 162 110,508 
1942; (— oor muc 4 1,473 1 282 (?) 48 69,894 
S uc 8 980 1 360 (9 4 89.877 
et ea lel eu 4 1,665 1 363 (1) 324 104.241 
1988 X 2 1.068 1 144 (3) 123 58,970 


ess than 1/2 unit. 
Includes Bureau of Mines estimate of 42,000 metric tons of U.S. brands returned from the London Metal Exchange 
with an estimated value of $16,945,000. 


Source: Bureau of the Census. 


Table 30.—Lead: World mine production of lead in concentrates, by country' 


LEAD 


Table 29.—U.S. imports for consumption of 
miscellaneous products containing lead 


Gross Lead 
Year weight content y eid 
(metric (metric saris) 
tons) tons) 
182 zw 1,423 639 $10,596 
198899 2.312 1.131 13.720 
1984 2.671 1.363 17.299 
198582 3,377 1,453 22,124 


‘Babbitt metal, solder, white metal, and other lead- 
containing combinations. 


Source: Bureau of the Census. 


(Thousand metric tons) 
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Country? 1981 1982 1983 1984" 1985° 
A.. ⁵³ð A dch T5.0 T3, 74.0 3.0 
Argentina - - ---------------------—- 32.7 30.1 31. 28.5 29.0 
Att. 388.1 455.3 480. 440.7 491.0 
J ⁵˙ĩI ⅛˙»0. eee eee ee 4.3 4.1 4. 4.2 6.1 
Bolivia. 2.2 „ 16.8 12.4 11. 7.4 7.5 
III!!! 4 oe 21.7 19.4 18. 16.7 19.0 
Bulgaria? -__---------------------- 116.0 95.0 95. 95.0 95.0 

RT se rn ee ⁵ EL 16.1 16.1 23. 21.9 22.0 
Canada. oc eee uds gem mE E 332.0 341.2 251. 264.3 278.0 
Chile EE 2 11.6 1. 4.3 32.5 
ÜöÜ»Üͤͥj⅛oͤ5ĩ ᷑2dſẽ ⁰ꝛ k 8 160.0 160.0 160. 160.0 160.0 
e y ro r2 : 1 1 
Congo (Brazzaville)) 7.7 4.1 *6. *2.0 4.0 
Czechoslovakia. . -------------------- 3.4 3.1 3. 3.1 3.2 
Ecuador - - -------------------—--— .2 2 . 2 2 
Finland WEE WÉI 1.9 2. 2.5 24 
re -------------------- iu 17.2 5.9 1: 2.8 1.6 
Germany, Federal Republic o. 21.6 23.5 23. 21.0 390.5 
Greece? eer D WA E 723.0 19.0 20. 122.0 20.0 
Greenland. ___________-___--_----_- 726.9 126.5 22.0 17.7 317.8 
Honduras 12.6 15.1 19.3 e wer 
Hungary EE 5 6 : : 
India os mL eus can M ei. ia 15.3 *16.6 25.7 24.8 398.0 
Iran er Sensu a car ee de 20.0 25.0 20.0 720.0 20.4 
Ireland. jo 2c eee eee See eee ek T28.8 736.0 33.6 97.2 34.0 
MALY ee ere Se ets eee ee 721.3 16.2 23.6 20.8 915.6 
TT cee dd d aie e E. re 46.9 45.9 46.9 48.7 950.0 
Korea, North? _____.__-___________-_- 110.0 95.0 75.0 7110.0 110.0 
Korea, Republic of .........-...-..---~- 13.4 12.2 12.2 10.8 8.8 
; ĩ·Ü AAA EX usse 148.9 170.2 184.3 202.6 200.0 
Morocco 2 aia er ee me 1117.7 103.6 97.9 100.7 101.0 
Nam 46.9 32.9 38.5 33.3 334.6 
ôöÜĩ;5 ³ßðX(n' .2 3 8 3 
Norway EE 3.0 *3.7 3.5 84 
7/öô˙%ê5 ½½ T 192.7 175.8 212.6 205.3 2200.9 
Philippines eee eee mos. 1.1 -— Ld Sa 
Poland eerste WAA 144.2 145.3 47.0 52.8 53.0 
Romanik 25.0 27.0 30.0 30.0 28.0 
South Africa, Republic o 98.9 90.3 87.5 94.8 398.4 

PAINS Se PP 80.2 73.3 82.0 96.6 386.7 
Sweden ~-=- T85.0 T80.0 782 80.5 13.5 
Thailand 2———— 2t ee AA Rte 17.3 18.6 21.0 16.7 20.0 
r ß 5.7 5.0 f 4.1 33.6 
pun le 18.4 710.7 l 14.6 14.4 
USSR ec ete enm RUE aps 425.0 430.0 435. 440.0 440.0 
United Kingdom. nnn 1.0 4.0 3. 24 3.0 
United States - --- ------------------ 459.0 530.3 465. 334.5 3424.4 
Vugosla via 118.6 113.1 114. 113.6 110.0 

ö OPT WR Sle a OF ne RRS eae 17.2 21.2 25.9 18.1 15.8 
Total C S Bs, hee eee eee E T3,365.5 T3 422.5 3,358.6 8,255.8 8,391.7 


“Estimated. Preliminary. Revised. 
Table includes data available through June 24, 1986. 
In addition to the countries listed, Uganda may produce lead, but available information is inadequate to make reliable 


estimates of output levels. 


? Reported figure. 
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Table 31.—Lead: World smelter production, by country' 


(Thousand metric tons) 
Country 1981 1982 1983 1984" 1985* 
i , d Eder 19.0 17.0 16.0 19.0 18.0 
Secondary (refinedʒʒ «„ „4 „„„„ 15.6 14.6 15.0 17.0 16.0 
f· % 34.6 31.6 81.0 36.0 34.0 
Australia: 
Bullion for export ------------------------ 162.6 181.6 1826 179.5 1883 
ss a as Yaw tc ⁵ J 8 207.7 218.8 196.3 198.8 2196.2 
Secondary (refined)? )) 31.5 28.3 27.0 21.5 15.9 
Total oo Se ete ³˙¹¹w eu eee 401.8 428.7 405.9 899.8 395.4 
Austria 
); ³o·¶⸗ſ 3.3 3.4 4.2 1.7 1.7 
Secondary ------------------------------ 12.8 14.5 12.9 16.5 16.8 
P oe sek at eae tee ui ee 16.1 17.9 17.1 18.2 18.5 
Belgium 
i ae p 60.2 52.9 54.4 "11.5 59.6 
Becopdarg? 22-22 28.0 28.0 80.0 80.0 28.0 
TOU ose ³⅛˙wu 8 88.2 80.9 84.4 101.5 87.6 
Brazil: 
Primary (refined) 34.7 21.9 20.6 26.0 27.0 
Secondary (refined). -- --- -------------------- 729.0 126.3 28.9 37.7 40.0 
Total eed indes ance utet eue ee ee 163.7 148.2 49.5 63.7 67.0 
D BI 
* DNE at / ³ĩðVA ³m—mQ 8 115.0 114.0 112.0 112.0 112.0 
%%% E 4.0 4.0 4.0 4.0 4.0 
%%/öð—ndꝙ ]ĩ»1.½ ũ w . ete ts 119.0 118.0 116.0 116.0 116.0 
Burma: Primary (refined E•— LL Lol.- 4.1 7.8 7.6 7.0 39.6 
Canada: 
Primary (refined) _ - - -- --------------------—- 168.5 174.3 178.1 173.0 172.7 
Secondary (refined) 69.7 64.6 63.9 79.0 668 
Toal ain EH 238.2 238.9 242.0 252.0 239.5 
China: 
Primary (refined 150.0 155.0 165.0 165.0 165.0 
Secondary (refined 25.0 20.0 30.0 30.0 30.0 
Total cas e ] · ¹ʃm AUR ee ner 175.0 175.0 195.0 195.0 195.0 
Colombia: Secondary (reſined) '' 3.0 3.0 3.0 3.0 3.0 
: Secon ie Gs eee EE 2.5 2.5 2.5 2.5 2.0 
Czechoslovakia: ndary (refined). - - - -------------- 21.0 21.0 21.0 21.1 21.5 
Denmark: Secondary (refinedd)⸗ ---------------—- 24.0 15.9 10.0 13.0 4.5 
Finland: Secondary (reſineddd „ 4.5 4.4 6.0 4.5 4.4 
France: 
Primary (refined) — - - - -----—-----------------—-— 128.6 122.7 114.9 117.9 132.3 
JJ 8 735.3 722.4 37.4 24.9 36.4 
Total 0 "163.9 7145.1 152.3 142.8 168.7 
German Democratic Republic: Secondary (refined)? * _______ 743.0 38.0 136.0 735.0 36.0 
Germany, Federal Republic of: 
;; ͤ;-··d ³ 60 mA eek Rd 107.5 110.7 116.2 102.3 2109.7 
Secondaer jj ee 254.8 239.7 236.3 254.9 246.8 
. ß he aces 362.3 350.4 352.5 357.2 3356.5 
Greece: 
Primary (refined) _ - - ----------------------—- 21.0 3.2 M e 15.0 
ndary (refined). ~- - - - - --- ----------------- 4.0 Ze um c eh 
zz ß 25.0 3.2 uc OI 15.0 
Guatemala: Secondary (refined) ~- )) 1 1 1 1 
Hungary: Secondary (refined)? -_—------------------ 1 1 1 1 1 


See footnotes at end of table. 
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Table 31.—Lead: World smelter production, by country: —Continued 


(Thousand metric tons) 


Country 1981 1982 1983 1984P 1985° 
Primary (refined) 14.3 14.4 15.0 15.2 215.6 
(refined) eid ere he eae eerie arenes 11.1 *8.8 6.6 r 10.0 10.0 
%%% ĩ ĩ ᷣ½—m¼— 25.4 23.2 21.6 F 625.2 25.6 
Ireland: 5 (refined) h)) 10.0 10.0 10.0 10.0 10.0 
Bay 
imary (refined) 35.6 36.4 37.0 37.6 229.5 
Sup EE 97.4 97.3 89.4 102.9 95.0 
m D ees AE ead PRR E EE A SERIE NSE ac 133.0 133.7 126.4 140.5 124.5 
Jamaica: 3 (refined)? __.------------------ 1.0 1.0 1.0 1.0 1.0 
Japan: 
Primary oe ³ð? öl a 8 190.7 192.8 198.9 207.9 2218.3 
Secondary (refined) 141.6 119.1 118.3 129.2 2133.3 
Total Lu ³¹Ü—¹A ⁰ m aa 332.3 311.9 317.2 337.1 3351.6 
Korea, North: Primary (refined 65.0 60.0 60.0 195.0 95.0 
Korea, Republic of:* 
Primary (refined „ 7.2 9.5 10.5 112.0 14.5 
Secondary (refined) ) 7.5 6.6 7.3 VE 1.9 
NODUM PRECOR ð OTe ET E Pe 14.7 16.1 17.8 20.3 22.4 
Malaysia: Pca le (refined) -------------------—- *3.5 3.0 *4.0 r e90 8.8 
Mexico: 
uita i eicit os Me Ee eet 156.7 145.4 166.8 174.8 175.0 
Secondary (reſined j)) 38.0 34.0 129.0 125.0 25.0 
C ⁵ð“’⁰vqꝛ ˙ — A AA ee oe 194.7 179.4 195.8 199.8 200.0 
Morocco 
Primaty P//§öÄ1 : ER 50.1 56.5 55.2 46.1 46.0 
Secondary (refined)? ))) 2.1 2.0 2.0 2.0 2.0 
ROMY er oe Sere eee eee ewes ee os 52.2 58.5 751.2 748.1 48.0 
Namibia: Primary (refined)... „1 „ 41.7 40.6 35.4 28.9 238.5 
Netherlands: 
IT Ta o c rcu y y 2.5 2.5 2.5 2.5 3.0 
Secondary (refined 733.9 127.7 23.6 33.6 37.6 
„ C ——————— 736.4 130.2 26.1 36.1 40.6 
New Zealand: Secondary (refined) Bert" 1.0 6.0 6.0 6.0 6.0 
ak igeria: eer (eine 8 2.0 2.0 2.0 2.0 3.0 
akistan: Secondary (refined)? ) 1.0 1.0 1.0 1.0 1.0 
Primary (refinedůE „„ 79.2 77.0 67.7 70.3 281.9 
Secondary (refined j)) 5.0 5.0 5.0 5.0 5.0 
222 ĩ⁵ð dd ⁵ ⁵⁵ ⁵ ⁵⁵(òů 88 84.2 82.0 72.7 75.3 86.9 
Philippines: edem (refined) -------------------—- 4.0 6.0 6.0 4.0 4.0 
Poland:* 
Primary (refined). )) 47.0 55.0 56.5 58.4 61.1 
REN (refined h 22.0 23.8 24.5 25.0 26.2 
RS E TUE eae Uy Eerst 69.0 78.8 81.0 83.4 287 3 
Portugal: 3 in,, ecco a 5.3 4.0 6.0 6.0 6.0 
Romania: 
Primary (refined)? __-_---------------------- T 240.7 40.5 40.0 39.0 39.0 
* Pi; x ⁊ . ei ears 5.0 5.2 9.3 10.0 10.0 
JJ PRO EE ENTE 88 45.7 45.7 49.3 *49.0 49.0 
South Africa. 1 of: Secondary (refined). / 26.9 30.4 23.6 21.9 20.0 
in: 
Primary (refined 83.0 99.5 107.8 110.1 110.0 
Secondary (refined)... - --------------------—- 34.1 32.1 36.0 49.9 45.0 
Total socn De a oh ee ec Re 1117.1 131.6 143.8 160.0 155.0 


See footnotes at end of table. 
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Table 31.—Lead: World smelter production, by country! —Continued 


(Thousand metric tons) 
Country 1981 1982 1983 1984P 1985* 
Bweden: 
Primary 5 ß e E m E 721.8 163.7 62.8 65.7 66.0 
%% ² Z——¼—᷑ñ:i¼( ye ek 121.5 1720.4 17.8 23.4 20.0 
ORG no ⁵ p eS 43.3 184.1 80.6 89.1 86.0 
Switzerland: Secondary (refined) - - - ---------------- 4.0 3.0 2.0 2.0 2.0 
Secondary (refined)? ))) 30.0 35.0 38.0 144.3 44.4 
Thailand: Secondary (refined) „ 5 9 3.2 6.2 6.0 
Trinidad and Tobago: Secondary (refned ff... 2.0 2.0 2.0 2.0 20 
Tunisia: 
Primary (refined) ______...-..----.----------~- 17.5 15.3 10.4 8.4 10.0 
Secondary (refined)? ) 5 5 5 5 5 
Totalt oo c cei cci L LL 18.0 15.8 10.9 VE 10.5 
Turkey: Primary (refined 12.5 13.1 4.0 4.0 8.6 
d 
Primary (reſinedꝶ ᷣ Ut 480.0 485.0 490.0 495.0 495.0 
Secondary (reſin edv „„ 235.0 245.0 255.0 260.0 265.0 
Total ho on anna ͥ ⁰˙¹-KL fex aeu 115.0 130.0 145.0 755.0 760.0 
United : 
EE 26.5 34.1 40.7 36.1 36.0 
Secondary (refined). - - - - --------------------- 198.0 175.2 185.3 191.3 7158.9 
gy, BEE 224.5 1209.3 226.0 227.4 194.9 
United States: 
Primary (refined) __ ...__..-_..--.-.--------- 498.3 516.8 514.6 395.6 3487.4 
Secondary (reſinedvꝝßʒt: «„ „„ 641.1 571.3 503.5 633.4 3594.2 
Ff. A 11394 1,088.1 1,0181 1,0290  *1,0816 
Venezuela: Secondary (refined 12.0 15.0 15.0 17.0 18.0 
Y via: 
E SE 74.0 74.0 93.1 r e950 110.0 
Secondary ~- ----------------------------- 46.5 35.0 34.0 35.0 40.0 
Total Lo Ls Ue ðW‚ ⁰ʒ a 120.5 109.0 1271 130.0 150.0 
Zambia: Primary (refined). - - - -- ------------------ 9.9 14.6 14.6 8.8 9.2 
Grand total `- ----------------------— T5,383.8 — '5,295.7 5,282.4 5,451.8 5,526.8 
Of which 
FETT es 73,1264 3.220. 0 3.251.4 3,180.1 3,346.7 
Secondary ono Fe ee 722514 2,075.7 2,031.0 2,271.7 2,180.1 


*Estimated. Preliminary. "Revised. 

*Table includes data available through June 24, 1986. Figures presented represent, to the extent possible, production of 
unrefined lead, including bullion and impure lead derived from new and ol orp The figures for secondary lead for a 
number of countries are undoubtedly high, but insufficient information is available to separate re recessed scrap lead 
from lead merely remelted. Countries for which this is the case have been footnoted. (See footnote 4.) For those countries 
from which unrefined lead production is not reported, but where available information suggests that there is little if any 
import or export of bullion for refining and refined lead output has been reported, it is so noted parenthetically because it 
is believed that the difference between smelter output and refined output is negligible. 


figure. 

Data not reported, derived from reported primary refined lead output minus imports of lead bullion plus exports of 
lead bullion and checked against use of lead content of domestically produced ores plus lead content of imported ores 
(estimated) minus lead content of exported ores (estimated). 

“Some part of the total entered may be merely remelt, and as such probably should not be included here, but a 
substantial part of the total presumably was reprocessed to qualify as a secondary smelter product. Available information 
is ery eb to 1 differentiation, and the total has been included, although it is recognized that this produces a 

igure. 


sligh y inflated 
Revised to zero. 
€Production from Imperial Smelting Furnace at Avonmouth only. 
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Table 32.—Lead: World refinery production, by country! 


Total duce Luo aua ꝛↄ y 8 
Colombia: Secondar „„ 
Cyprus: Secondryy/dg r 22 
Czechoslovakia: Secondary. . 2.2.2 - - --------------—-— 


Denmark: Secondary 


Finland: Secondary ~- - - - - - --- --------—--------- 


„„ p pp p 


Germany: Federa! Republic of: 


I ßß a Pes See 
Guatemala: Secondary |... 2222 LLL LLL L2 cL 222222 
Hungary: Secondary! jj 


See footnotes at end of table. 
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(Thousand metric tons) 

1981 1982 1983 19849 1985* 
19.0 17.0 160  *190 18.0 
15.6 14.6 150 17.0 16.0 
34.6 81.6 810  °36.0 34.0 

201.1 2188 196.8 1988 196.2 
31.5 28.9 27.0 21.5 15.9 

239.2 247.1 223.9 220.3 212.1 
5.0 710.4 12.0 7.2 4.5 

711.6 111.1 11.5 13.4 14.7 
716.6 121.5 23.5 20.6 19.2 
13.9 66.0 96.3 89.6 17.6 
36.0 33.7 37.8 38.1 37.4 
109.9 997 184.1 127.7 115.0 
34.1 219 21.0 26.0 21.0 
729.0 GE 29.0 37.7 40.0 
763.7 T48.2 50.0 63.7 

101.2 100.8 98.6 98.6 98.0 
17.8 17.7 174 17.4 18.0 

119.0 1180 1160 1160 116.0 

4.1 1.8 1.6 7.0 39.6 
à) (4) è) È) E 
4.1 1.8 1.6 1.0 9.6 

168.5 1743 1781 178.0 172.7 
69.7 64.6 63.9 79.0 66.8 

238.2 2389 2420 252.0 239.5 

160.0 155.0 165.0 165.0 165.0 
25.0 20.0 30.0 30.0 30.0 

175.0 175.0 195.0 195.0 195.0 

3.0 3.0 3.0 3.0 3.0 
2.5 2.5 2.5 2.5 2.0 
21.0 21.0 21.0 21.1 21.5 
24.0 15.9 10.0 13.0 34.5 
4.5 44 6.0 4.5 44 

128.6 1227 1150 1179 132.3 
99.4 85.9 99.4 88.8 98.9 

228.0 2086 2144 2067 231.2 

JJ CROSS DRE 43.0 "380 736.0 735.0 36.0 
189.5 201.6 217.0 191.9 193.5 
158.8 148.9 135.5 1653 163.0 

348.3 8505 352.5 357.2 356.5 

21.0 3.2 ae wl 15.0 

4.0 E Se ai De 
25.0 3.2 ae wl 15.0 
1 1 1 1 1 

1 1 1 1 1 
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Table 32.—Lead: World refinery production, by country' —Continued 
(Thousand metric tons? 
Country 1981 1982 1983 1984P 1985* 
India: 
KENE et eee D ce E LEID. ee 14.3 *144 15.0 15.2 215.6 
Secondary. ͤũ » ʒ h˖—! ee ee ee er he 11.1 eg. 8 6.6 710.0 10.0 
Total- Serenan ee ee ok D EE A. AE. 25.4 *23.2 216 *°252 256 
Ireland: Secondary* -------------------------—- 10.0 10.0 10.0 10.0 10.0 
Italy 
PPV / ³ i a ea fee 35.6 36.4 37.0 37.6 329 5 
hr. 97.4 97.3 89.4 102.9 95.0 
TC!!! ³ĩðW—A ³ĩð2iĩ b 133.0 133.7 126.4 140.5 124.5 
Jamaica: Secondary? ~- ------------------------—-- 1.0 1.0 1.0 1.0 1.0 
Japan: 
POUR Ss ³Ü pel mA 7˙ 6 ee ee 175.4 183.1 2033 2338 3233.7 
Secondary oue eL ee ek a ee al at, 141.6 119.1 118.3 129.2 2133.8 
Total. tree Ee oe ee eee E E 317.0 302.2 321.6 363.0 2367.0 
Korea, North:? 
Primary (refined) |. LLL ~~ ee 165.0 160.0 7600 95.0 95.0 
SS ²⁰¹ AA ³ mA ² h ( eye edt eie, (3) 5 5 3 —- 
Total. nouo oma eae ³·Üor˙·mA 65.0 60.0 60.0 795.0 95.0 
Korea, Republic of:“ 
III ³»Ww ' aoe ta ro ent E 7.2 9.5 10.5 12.0 14.5 
Secondary- PG ĩðùͤA et ee 7.5 6.6 7.3 18.3 7.9 
"Totals mae or ne ien lu !m 7̃ẽͤ õ »... eee OL 14.7 16.1 17.8 20.8 22.4 
Malaysia: Secondarr „ *3.5 3.0 4.0 129.0 8.8 
Mexico: 
II ee en ll 150.6 137.2 162.5 162.2 165.0 
Secondary? -~-a 38.0 34.0 729.0 125.0 25.0 
%;ö§ö§ê%≅¹ :..:. 188.6 171.2 "191.5 1187.2 190.0 
Morocco: 
FIC a HERPES 50.1 56.5 55.2 46.1 46.0 
Sens ees ae ee er 2.1 2.0 2.0 2.0 20 
/õĩ ͥͥͥͥͥͥͥͥͥ0G0D ½˙Tĩ ⁊ð v 8 52.2 58.5 157.2 48.1 48.0 
Namibia: Primar:k:s LL LLL LLL 222 c 222222222222 41.7 40.6 35.4 28.9 238.5 
Netherlands: 
Primary ³o·A AAA 3) 14.8 2.0 5) aes 
Secondary ⁵²ů M õ A ee ue ³ AAA ac e eL LT 733.9 721.1 23.6 33.6 31.6 
EE 33.9 732.5 25.6 33.6 31.6 
New Zealand: Secondarꝰꝰꝛꝛꝛꝛꝛ Le 7.0 6.0 6.0 6.0 6.0 
Nigeria: Secondary? / 2.0 2.0 2.0 2.0 3.0 
Pakistan: Secondary! 2 2222 LLL L2 s 222 lcs clan 1.0 1.0 1.0 1.0 1.0 
Peru: 
J Acus ene oe d una e 79.2 77.0 67.7 70.3 281.9 
% oo ils ͥ ͥ⁰ꝗ⁊ꝶm v 5.0 5.0 5.0 5.0 5.0 
JJ]!!! 8 84.2 82.0 72.7 75.3 86.9 
Philippines: Secondary gn 4.0 6.0 6.0 4.0 4.0 
Poland: 
r . 48.3 55.2 56.7 58.4 61.1 
hh ³ Kd ĩͤ d 20.7 23.6 24.3 25.0 26.2 
Toll. a ne Sa a 69.0 78.8 81.0 R3.4 387 3 
Portugal: Secondarr 5.3 4.0 6.0 *6.0 6.0 
Romania: 
LENA T3407 40.5 40.0 39.0 39.0 
Secondary” oou ea ei LL Lr ⁰⁰ 5.0 5.2 T9.3 10.0 10.0 
77CõöÜ³ĩê ⁵«˙ q 8 145.7 45.7 49.3 49.0 490 
South Africa, Republic of: Secondar jj 26.9 30.4 23.6 21.9 20.0 


See footnotes at end of table. 
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Table 32.— Lead: World refinery production, by country! —Continued 
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(Thousand metric tons) 
Country 1981 1982 1983 1984P 1985˙ 
Spain: 
Pr EE 183.0 99.5 107.8 110.1 110.0 
Secondarys AA Tꝗ0? ³˙ Y ⁰¹·m ⁊ͤ e aM 34.1 32.1 36.0 49.9 45.0 
RK EE 7117.1 131.6 143.8 160.0 155.0 
Sweden: 
CC ⁰¹Ü’—wÜͥͥ etn 88886 7.0 29.6 34.8 49.8 48.6 
S ð K 22.0 19.9 18.8 23.4 220.0 
Total. cesso 8 29.0 49.5 53.6 73.2 268.6 
Switzerland: Secondary. „ 4.0 3.0 2.0 2.0 2.0 
Taiwan: Secondar hh „„ 80.0 85.0 380 "443 444 
Thailand: Secondary __.-_.__.....-.--~----_-~------ 5 9 3.2 6.2 6.0 
Trinidad and Tobago: Secondary! -------------------—- 2.0 20 20 2.0 2.0 
Tunisia: 
FIC ea a ee ea A C 17.5 15.3 10.4 8.4 10.0 
Sh cere Le ee 5 5 r5 5 5 
Total tek a enc EE 18.0 15.8 110.9 78.9 10.5 
Turkey: Primary- - - -- ------------------------——- T2 5 SEA 4.0 4.0 3.6 
U.S. S. R.:“ 
Primary o nl f òͥæ ) ä ̃ A ee ete E 480.0 485.0 490.0 495.0 495.0 
r dd ee ILL E 235.0 245.0 255.0 260.0 265.0 
Total Loan QA ³⁰Ü¹-- ⅛ 5mm. Ro 8 715.0 730.0 745.0 755.0 760.0 
United Kingdom 
7 Soe Bre els er 135.4 131.0 1369 1471 2140.5 
Secondary- EEN 198.0 175.2 185.3 191.3 2158.9 
„ ⁵⁵ ß ce 333.4 306.2 322.2 338.4 3299.4 
United States 
el EE 498.3 5168 514.6 395.6 2487.4 
S’ ⁰⁰mGoꝛqæꝶ—ꝓꝓæ¼æ¼ 00 0m AH. . Se ee E 641.1 571.3 503.5 633.4 1594.2 
Ii!.mnd◻..,,dddtddd,,dddddd i iR LL 1,139.4 10881 1,0181 1,029.0 71,081.6 
Venezuela: Secondary _______...-.--.--- ~~. ~~~. 112.0 715.0 15.0 17.0 18.0 
Y lavia: 
df EE 73.9 72.0 54.8 45.4 62.0 
Secondary y 12.5 10.2 42.7 37.4 38.0 
OCA en ce eese del EL SS eS 86.4 82.2 97.5 82.8 ?100.0 
Zambia: Primary 2 oce eo n 9.9 14.6 14.6 8.8 9.2 
Grand totallalll“.“]““ “lll 15 330.1 5,220.0 5,257.7 5,423.5 5,473.6 
Oſ which: 
Primary EE 73,1188 "3,181.1 3,236.1 3,156.7 8,295.5 
TER 12. 211.3 "2,038.9 2021.6 2,266.8 2,178.1 


*Estimated. Preliminary. 


"Revised. 
Table includes data available through June 24, 1986. Data included represent the total output of refined lead by each 


country, whether derived from ores and concentrates pom 
antimonial lead, but exclude, to the extent possible, simp 


Reported figure. 
Revised to zero. 


e reme 


) or scrap (secondary), and include the lead content of 
elting of scrap. 


Bess Google 


Lime 


By Lawrence Pelham! 


Lime output, including that for Puerto 
Rico, was essentially unchanged from that 
of 1984 at 15.7 million short tons and valued 
at $812 million. 

Output of agricultural lime increased 5%; 
construction, chemical, and industrial lime 
was essentially unchanged; and refractory 
lime decreased 22%. 

Domestic Data Coverage.— Domestic pro- 


duction data for lime are developed by the 
Bureau of Mines from two separate, volun- 
tary surveys of U.S. operations. Typical of 
these surveys is the annual “Lime” survey. 
Of the 116 operations to which the annual 
survey request was sent, all responded, 
representing 100% of the total sold or used 
by producers shown in tables 1 and 2. 


Table 1.—Salient lime statistics 
(Thousand short tons unless otherwise specified) 


1981 1982 1983 1984 1985 
United States:! 
Number of plant „ 150 147 139 1129 115 
Sold or used by producers: 
quick! JC es enh ³ 8 16.142 11.701 12,383 18,184 12,997 
ydrated line ee eee 2,279 2,037 2,066 2,802 2,814 
Dead-burned dolomite --------------------— 435 337 418 487 378 
otal tetas apt Lo e et a 18,856 14,075 14,867 15,922 15,690 
II thousanda . $884,197 $696,207 $757,611 $811,183 000 
Average value per ton $46.89 $49.46 .96 $50.96 $51.70 
Lime ENEE 14,271 10,856 12,083 13,064 13,409 
limeused. - - - -- -—--- ee eo a a oe 4,585 3,219 2,784 2,858 2,281 
Exporta oeae eaa el Ste a ci E d Ae 28 23 28 25 19 
Imports for oonsumption:CꝘ0ODDI0 504 848 283 241 194 
ee, ß 19.332 14,400 15,122 16,144 15,777 
World: PP6ſ cure es 128,921 120,364 121,919 P125,630 123,531 
*Estimated. Preliminary. "Revised. 
1Excludes regenerated lime. Excludes Puerto Rico. 
*Data may not add to totals shown because of independent rounding. 
*Selling value, f.o.b. plant, excluding cost of containers. 
*Bureau of the Census. 
5 Measured by sold or used plus imports minus exports. 
DOMESTIC PRODUCTION 
Lime sold or used by producers, including decreased 22%. 


Puerto Rico, was essentially unchanged at 
15.7 million tons. Captive lime used by 
producers decreased 9% to 2.6 million tons. 

Production of quicklime and hydrated 
lime was essentially unchanged at 13.4 
million tons and 2.3 million tons, respective- 
ly. Production of dead-burned dolomite 


Six States produced over 1 million tons 
each and accounted for 56% of total lime 
output. They were, in descending order, 
Ohio, Kentucky, Missouri, Pennsylvania, 
Alabama, and Texas. Production increased 
5% in Alabama and 7% in Kentucky, and 
was relatively unchanged in Texas and 
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Missouri, but decreased 7% in Ohio and 8% 
in Pennsylvania. 

Seventy-five companies produced lime. 
Leading producing companies, in descend- 
ing order, were Dravo Lime Co. with one 
plant each in Alabama, Kentucky, Louisi- 
ana, and Texas; Marblehead Lime Co. with 
two plants in Illinois and one each in In- 
diana, Michigan, Pennsylvania, and Utah; 
Mississippi Lime Co. in Missouri; Martin 
Marietta Corp. in Ohio; Genstar Lime Co. 
with two plants in California, two plants in 
Nevada, and one each in Arizona and Utah; 
Allied Chemical Corp. with two plants in 
New York; Black River Lime Co. in Ken- 
tucky; Allied Products Co. in Alabama; 
Bethlehem Steel Corp. with two plants in 
Pennsylvania; and Republic Steel Corp. in 
Ohio. These 10 companies, operating 25 
plants, accounted for 53% of the total lime 
production. 

The number of plants producing lime in 
the United States and Puerto Rico decreas- 
ed from 130 (revised) in 1984 to 116 in 1985. 
Seven lime plants each produced more than 
400,000 tons of lime and together accounted 
for 34% of the total lime output. Leading 
individual plants, in descending order, were 
Mississippi Lime’s Ste. Genevieve plant in 
Missouri, Dravo Lime’s Maysville plant in 
Kentucky, Martin Marietta Chemical Div.’s 
Woodville plant in Ohio, Allied Chemical’s 
Syracuse Works in New York, Marblehead 
Lime’s Buffington plant in Indiana, Black 
River Lime’s Carntown plant in Kentucky, 
and Marblehead Lime’s South Chicago 
plant in Illinois. Sixteen plants each pro- 
duced from 200,000 to 400,000 tons of lime 
and together accounted for 28% of the total. 

New Plants, Expansions, and Changes.— 
In February, Ash Grove Cement Co. began 
operating at its plant in Springfield, MO, a 
kiln that had been converted from a vertical 
shaft kiln of English Priest design to the 
Parsons single-shaft, parallel-flow calciner 
system. The conversion was made to im- 
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prove product quality and reduce operating 
cost. The kiln has a design capacity of 300 
tons per day of lime with a fuel efficiency 
under 4 million British thermal units per 
ton.? 

Holly Sugar Corp. installed in Brawley, 
CA, the first Fuller-Bechkenbach mixed- 
feed-type shaft kiln to be built in the United 
States. The mixed-feed-type kiln is one of 
several Bechkenbach shaft kiln designs li- 
censed by Fuller Co., Bethlehem, PA, from 
Warmestelle Steine und Erden of Diissel- 
dorf, Federal Republic of Germany. The 
production quality and fuel efficiency of 
these kilns are believed to be the highest of 
any shaft kiln in North America.? 

Western Lime & Cement Co. began oper- 
ating a new 250-ton-per-day kiln system at 
its plant in Marblehead, WI. The new kiln 
provided a substantial increase in capacity 
over that of the two shaft kilns it replaced 
at Marblehead and Knowles, WI, which had 
a combined output of 180 tons per day, and 
completed the company’s planned fuel con- 
version from gas to coal. 

Florida Crushed Stone Co. continued con- 
struction of a 350,000-ton-per-year lime 
plant near Brooksville, Hernando County, 
FL 


Fourteen fewer plants reported produc- 
tion in 1985 than in 1984. In California, 
American Crystal Sugar Co.’s Clarksburg 
kiln was idle. In Colorado, The Great West- 
ern Sugar Co. closed five plants. In Con- 
necticut, Pfizer Inc. had closed permanently 
its Canaan plant in the first quarter of 1984. 
In Florida, Ideal Basic Industries Inc. did 
not operate its Port St. Joe kiln. In Kansas, 
the Kemp plant of Great Western Sugar 
was idle, as was its Billings plant in Mon- 
tana and its Scotts Bluff and Gering plants 
in Nebraska. In Pennsylvania, the Reeds- 
ville plant of Honey Creek Lime Co. was 
idle. In Texas, the Chemical Lime Co. idled 
its Marblefall plant. 
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Table 3.—Lime sold or used by producers in the United States, by size of plant 


1984 1985 
Size of plant ane 2 
(thousan ercent (thousan Percent 
Plants short of total Plants “short ok total 
tons) tons) 
Less than 10,000 tons 20 115 1 9 54 m 
10,000 to 25,000 tos 25 423 3 24 409 3 
25,000 to 50,000 tons 18 663 4 16 625 4 
50,000 to 100,000 ton, 120 1.723 11 18 1.292 8 
100, 000 to 200,000 tone 19 2,769 17 8,774 24 
200, 000 to 400,000 tos 122 5, 668 86 16 4,320 28 
More than 400,000 tons 6 4,595 29 5,239 33 
7;ö·³⁊ð o oe es ee ee v eLLELER 7130 15,956 2100 116 15,713 100 
"Revised. 
‘Excludes regenerated lime. Includes Puerto Rico. 
Lees than 1/2 unit. 
Data do not add to total shown because of independent rounding. 
CONSUMPTION AND USES 


Lime was consumed in every State. Lead- 
ing consuming States, in descending order, 
were Pennsylvania, Ohio, Indiana, Texas, 
and Michigan, each of which consumed 
more than 1 million tons. These five States 
accounted for 46% of the total lime con- 
sumed. 

Leading quicklime consuming States, in 
descending order, were Pennsylvania, Ohio, 
and Indiana, each of which consumed more 
than 1 million tons. These three States 
accounted for 34% of the total quicklime 
consumed. Leading hydrated lime consum- 
ing States, in descending order, were Texas, 
Pennsylvania, Illinois, and Ohio, each of 
which consumed more than 100,000 tons. 
These four States accounted for 45% of the 
total hydrated lime consumed. 

Lime sold or used by producers was for 
chemical and industrial uses, 88%; con- 
struction, 9%; refractories, 2.4%; and agri- 
culture, 0.5%. Captive lime was used main- 


ly in the production of steel in basic oxygen 
furnaces (BOF), 31%; and for sugar refining, 
20%. 

Leading individual uses of lime, in de- 
creasing order, were for BOF steel, water 
purification, sulfur removal from stack gas- 
es, paper and pulp, and electric-furnace 
steel, which together accounted for 58% of 
the total consumption. 

Lime consumption in the steel industry 
decreased slightly to 5.4 million tons and 
accounted for 34% of all lime consumed in 
the United States. Lime used for agricul- 
ture increased slightly, whereas lime used 
in construction and in paper and pulp 
manufacture remained about the same. En- 
vironmental uses of lime continued to in- 
crease: Lime used for water purification 
increased 8%; sulfur removal from stack 
gases, 9%; sewage treatment, 21%; and 
mine or plant acid water treatment, 5%. 


MILLION SHORT TONS 


Agriculture, Construction, 
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Other 
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Figure 1.—Trends in major uses of lime. 
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Table 4.—Destination of shipments of lime sold or used by producers in the 


United States, by State' 
(Thousand short tons) 
1984 1985 
State 

Quicklime Hydrated Total? Quicklime Hydrated Total? 
Alabama "p Eus 28 370 54 424 437 50 487 
i K DECHE SUPRA (3) 2 2 (9) 1 ] 
ANDER dau TL b ucc mittit 244 32 215 211 61 272 
OT eoe. Chas JOD AE ORC 78 28 106 79 32 lll 
oo EC See ea Age 399 84 483 383 8T 470 
. ² AAA DT d. BE Spee uae ER 95 14 110 63 17 80 
Connecticut Bare raa de Sub iip 34 10 43 30 10 40 
Delaware 5 A Ras 37 5 42 30 5 35 
District of Columbia... .. 13 34 47 17 33 50 
Florida _ C 373 65 438 315 41 416 
Georgia sque ue ͤ EORR a 213 61 214 233 59 2 
MAE Lo ora ¹ AQ 4 2 6 5 1 6 
P —t ee es 101 3 104 99 3 102 
U ³¹m¹ꝛ Ä ˙ See 552 112 664 519 137 655 
Indiana = * Së 1,520 41 1,562 1,483 36 1,518 
owa . Wes 7² 18 91 75 17 92 
11 „ 65 16 81 62 20 82 
oS ˙ A isa basin - e 471 19 490 534 22 556 
Louisiana _ c „„ 238 127 365 243 118 361 
TT.. . ans he a ee 15 1 16 14 3 7 
e ee 5 £ 241 20 261 266 18 284 
2 67 14 80 62 10 72 
Menne „ 1.165 32 1.197 993 33 1,026 

F ae ER, eee 190 19 209 183 17 
Pr ed i By ee 117 28 146 126 28 154 
"LIT ee ee Soe cn oo od rh s 2D e 148 40 188 141 48 188 
RR X ORTOS ]˙ .,.] 62 11 73 33 13 46 
„en 3 66 5 71 35 6 41 
„„ CDNIS, SPP at "GEL he? 72 8 80 86 5 CH 
New Hampshire 9 — 3 1 3 2 dl 2 
0 AA oe EE? 126 61 186 111 52 163 
New Mexico 2 EE 25 28 53 133 $1 164 
To, =P eee „ 631 45 676 634 39 673 
LE C PROP RES LEN ee eh, 192 24 216 204 30 234 
onc: Mio 0o C ss EE ee UP ee 103 11 114 106 4 110 
. ODER ECCO eS ER HL 1,483 135 1,618 1,504 121 1,625 
d. ITT TE EE — 91 12 104 110 14 124 
A "VE, ee AAA 128 15 143 104 12 116 
Pet V a. ucc EE stem ux rim 1,601 234 1,835 1,558 210 1,768 
"TI TTT. WE EES E, Pap e 5 2 6 5 2 7 
Cee T OE ee A ae Te 109 14 123 108 19 128 
Bn . uo a eS 12 9 21 25 3 28 
i . e «. B 188 77 265 121 120 241 
cc 3 624 548 1,172 595 511 1,166 

cU E SEATS 3 e 70 11 281 210 11 
— . ̃⅛˙‚ asm n2 (3) 1 l (3) 1 l 
U ˙ͤ A 95 55 150 193 21 215 
JI" ` Ewe ̃˙— 111. E ee 262 14 276 251 12 263 
West Mi ad "ED aa ebe alee 490 26 516 406 36 441 
c Ä 93 48 141 99 46 146 
E ES 00000 43 15 58 56 18 74 
CCC AAA adir us de Em c ER 1 24 25 1 -— 1 
FVP 13.598 2.314 15,912 13,354 2,302 15,651 

Exports: 

// V ͥ¹Lꝛrʒ ꝛↄ⁵ʒʒ Sk e es eee 18 7 25 18 8 26 
Other countries 4 15 19 4 25 23 
. ˙ꝛmmA 22 22 44 22 33 55 
Grand total? _-- 13,620 2,336 15,956 13,316 2,331 15,713 


1Excludes regenerated lime. Includes Puerto Rico. 

Data may not add to totals shown because of i D rounding. 
Less than 1/2 unit. 
“Includes Puerto Rico and U.S. possessions. 
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Table 5.—Lime sold or used by producers in the United States, by use! 


(Thousand short tons and thousand dollars) 


u 1984 1985 
se — —— —ñ— 
Sold Used Total? Value Sold Used Total? Value 
F cae à 79 ae 79 4,848 83 =: 83 5,524 
Chemical and industrial: 
Steel DOE a eS 3,593 791 4,390 202,015 3,369 804 4173 207,795 
Water purification |... W W 1.401 71.978 W W 1,509 75,213 
Sulfur removal from stack 
o IY MPG KN 1,213 "- 1,213 56,371 1,317 ae: 1,317 65,587 
Paper and pulp W W 1.135 53.811 W W 1,112 55,354 
Steel, electric W W 929 44,167 W W 945 47,057 
Sewage treatment W W 669 36.901 W W 848 42,491 
. W W 647 31.657 W W 645 32.121 
Sugarrefining g 44 573 617 41.869 42 514 557 27,778 
Magnesia from seawater or 
P ae eee W W 564 27,586 W W 408 10,673 
Copper ore concentration W W 367 18.288 W W 307 15.282 
Acid vatet, mine or plant W W 270 14.507 W W 283 14,098 
Steel, open- heart W W 256 11.043 W W 252 12.534 
Calcium carbide __ W W 226 9,736 W W 229 11,418 
IIO ras, ES 128 EN 128 6,172 130 £n 130 6,463 
Magnesium metall W 192 12,141 W = W W 
Aluminum and bauxite — 156 "^ 156 8,261 112 r 112 5,600 
Precipitated calcium car- 
DONA DEE W W 131 9,118 W - W 6,367 
Ore concentration, other 71 2i 11 3,606 82 A 82 4,106 
Oil and grease e 50 dc 50 3,049 49 Dës 49 2,619 
A 30 MEN 30 1,668 40 vrs 40 2,010 
Petroleum refining `... 29 weg 29 1,452 29 e 29 L 
Food products, animal or 
BINE a i iei cuts 39 "OS 39 2,265 24 ux 24 1,209 
Oil well drilling 16 e 16 1,092 16 R 16 1,797 
C 37 CS 37 866 w m W W 
Metallurgy, other 11 oe 11 505 10 d 10 513 
C 23 D 23 1,190 6 CON 6 302 
Calcium silicatte 11 22 11 599 T» "e es po 
0 a ek 5 dh 5 320 Se ER WS 8 
Brick, sand- lin 4 (3) 5 214 3 ES 3 186 
RG os ea EEN 2 "M 2 163 1 — 1 62 
e e 5,789 1.389 391 23,063 6,224 1,098 783 41,527 
| a es 11,252 2,759 14,011 695,733 11,454 2,416 13,870 691.660 
Construction: 
Road stabilization ____ __ 608 pee 608 83,499 601 ab 601 39,437 
Soil stabilization- ------ 243 — 243 13.625 263 xa 263 17,215 
Moson t ie aL. W Ww 235 14,894 W w 259 16,987 
Finishing line 236 aS 236 20,424 204 e 204 13,403 
TOE cect asus 56 TA 56 3,299 53 Ws 53 3,509 
IM io ccena nd W Ww 1,379 85,741 W W 1.381 90.611 
Refractory dolomite _ W W 487 29,391 W W 378 24,454 
Grand total? |... 13,099 2,858 15,956 815,714 13,119 2,594 15,713 812.249 


W Withheld to avoid disclosing company proprietary data. 
Excludes regenerated lime. Includes Puerto Rico. 
ta may not add to totals shown because of independent rounding. 
: than 1/2 unit. 
, "Includes he go brokers, chrome, commercial hydrators, desiccants, explosives, ferroalloys, fiberglass, glue, 
insecticides, ladle desulfurizing, manganese, pelletizing, geaen, rubber, silica brick, soap, starfish control, wire 
drawing, unspecified uses, and uses quote ne 0 


: in “Chemical and industrial" lime only. 
Includes asphalt antistripping. 


y symbo 


PRICES ` 


The average value of lime sold or used by in agriculture. 
Producers, as reported to the Bureau of The average value of quicklime sold was 
Mines on an f.o.b.-plant basis, was essential- essentially unchanged at $46.46 per ton. 
ly unchanged at $51.69 per ton. Values were Values were $45.88 for chemical lime, 
$49.87 for chemical and industrial lime, $49.02 for lime used in agriculture, $54.88 
$64.69 for refractory dolomite, $65.61 for for construction lime, and $60.24 for refrac- 
construction lime, and $66.55 for lime used tory dead-burned dolomite. 
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The average value of hydrated lime sold 
increased less than $2.00 to $67.56 per ton. 
Values were $65.96 for both chemical lime 
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and lime used in agriculture and $69.82 for 
construction lime. 


FOREIGN TRADE 

U.S. exports of lime decreased 22% to Table 6.—U.S. exports of lime 

19,400 tons. Of the total exports, Canada 
; . Quantity Value 

received 79%, Guyana received 6%, and (short tons) (thousands) 
Mexico received 5%. The remaining 10% 
went to 33 countries. 1853. Sib 45815 

Imports, principally from Canada, 84%, 1985. 13383 5155 
and Mexico, 16%, were 194,057 tons, a 
decrease of 22%. Source: Bureau of the Census. 

Table 7.—U.S. imports for consumption of lime 
Hydrated lime Other lime Total 
tit Val Quanti Val Quanti Val 
o “leant tees eg 

777 108 305 288.266 $18,503 348,374 $16,808 
C0000 8 58,811 3,431 223,152 11,945 282.568 14,776 
VOB Mc pc pre rege cet 59.906 3,669 187,579 9,722 1241,484 18,391 
1985 NENNEN 48,821 3,407 145,230 8,810 194,057 12,217 

1Data do not add to total shown because of independent rounding. 

Source: Bureau of the Census. 

WORLD REVIEW 


Canada.—The Government agency De- 
partment of Energy, Mines and Resources, 
Ottawa, Canada, reported preliminary sta- 
tistics on Canadian lime production at 2.2 
million tons valued at $137 million. Of the 
total, 2.0 million tons was quicklime and 0.2 
million tons was hydrated lime. Canada 
imported 17,500 tons of lime from the Unit- 
ed States and exported 158,000 tons, primar- 
ily to the United States. The principal 
consumers of lime in Canada were the steel, 
paper and pulp, and mining industries. 
Markets for lime use in environmental con- 
trol were insignificant. 

Japan.—Total lime production in Japan 
was approximately 10.5 million tons in 
1984, including 8.5 million tons of quicklime 
and 2.0 million tons of hydrated lime. Usage 
was 53% for iron and steel manufacture, 


26% for chemical purposes, 10% for con- 
struction and agriculture, and 11% for oth- 
er uses. Since 1979, lime had been used 
in Japan as a “nonexplosive demolition 
agent.” An example of this use was in the 
demolition of old buildings; rock and con- 
crete structures were broken without using 
any explosives. In iron and steel manufac- 
ture, preliminary treatment of melting pig 
iron became more common, employing a 
lime flux for desilication, desulfurization, 
and dephosphorization. 


1Physical scientist, Division of Industrial Minerals. 
*Pit & Quarry. V. 77, No. 11, 1985, pp. 82-84. 


*Dorman, W. D. Holly Sets New Shaft Kiln 
Standards. Pit & Quarry, v. 77, 11, 1985, pp. 54-56. 
*Herod, S. Western Lime & Cement Starts New 


in its Growth Record. 
pp. 41-48 


Pit & Quarry, v. 77, No. 11, 
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Table 8.—Quicklime and hydrated lime, including dead-burned dolomite: World 


production, by country’ 
(Thousand short tons) 

Country? 1981 1982 1983 1984P 1985° 
Algeria? 2—22- 45 45 45 45 45 
RT TEE 964 €1,045 1,120 1.100 1.100 
KAüustrtyUüuuuüuüuüuüu hee Se 1,140 1,132 1,257 1,391 1,430 
geil.. mama Heu 2,312 1,683 1,951 2,392 1,540 
G ³ðVQWAAA S el ⁵ðͤ a ue 5,500 5,500 5,500 5,500 5,500 
Ü§³Ü.Ü[Bũſſſſ y ĩ 8 1.938 1.958 1.801 1.682 1.760 
ee a es odia E te e CUR ah ($) (4) (*) (*) (*) 
Canada. s ß . oe ewe eee 2,816 2,422 2,460 2,498 52.200 
E ͤ ³·à— nh ³˙·] ]]]. ³ ³ 714 711 797 858 880 
h ⁰- Au . c Ld 1.430 1.430 1.430 1.430 1.430 
Costa Rica T8 8 10 11 11 11 
PI e uo ³ĩW—A. ß y mr c pr lt E Ld 154 1161 169 166 165 
III! ã⁵] T 12 712 9 eg 8 
CzechoslovakiiK˖˖ ~__ eee eee 3,565 3.404 3.417 3.436 83.557 
Denmark (sales) 7109 109 119 141 142 
Ce deeg Rll. E 44 44 44 44 44 
327 cert iuge e EN hie te Sem EES 101 *105 103 €107 107 
Fiji lands EE H 4 g e3 3 
STE WEE 422 396 379 390 390 
Franc [2m ]⁵ð² mmm y a he Ue ZA re Le 3,710 3,300 3,247 3,404) 3,300 
German Democratic Republic `... 3,793 3.869 3.812 3.965 4.000 
Germany, Federal Republic oh(l! 222... 8.726 7.604 7.574 7.651 7.700 
Büsten“... EE 27 27 30 56 56 
I ³ꝛ˙ꝛ WAA R34 1932 906 907 5880 
õ—˙Ü³ ³ ³⁰A.ÄAA A ee She EE 440 440 440 r550 550 
irant cet ek ick ⅛¼—m ¼5⁵⅛m•m A 8 550 600 7 700 700 
Ireland o mu a i T—. SE, Ae erer 51 51 r e65 75 80 
JJ ³⁰Üw-- A 88 55 45 e55 55 
J ⁰˙³ aT 2.543 2.389 2.228 2.300 2,200 
Jamaica noc ec ne d EES 146 126 134 127 127 
Japan (quicklime only)... 8,848 8,573 8,197 8.547 8.160 
% ⁰ͤ f y v NE 22 66 294 247 247 
(( eee ea E *30 24 38 23 40 
Korea, Republic o 220 220 220 220 220 
Küwait z: p ur ui ie ee 24 11 eig 17 17 
Lebanon 2o cos ²⁵ðW» ».! Arr. 367 55 22 11 11 
EU eee oes na a ĩð2Z/ ³ĩé A ⁵⁰⁰ Vt 259 248 287 287 300 
Ill ⁰ a e E e ($) 2 2 2 2 
Malta s nc Se are yk NE 7 8 6 *6 6 
ü o nr ð1. ⁵ð]Ü ⁰ . 56 6 6 6 6 
Mauritius. nemus ere seo Aii uad 8 8 eg eg 8 
Mexico ocu re ee dede ee eh ee (RT 34.960 4,400 4,000 4.400 4,400 
Mongolia? ________________-~________________ 55 65 10 12 80 
Mozambique" uL oncle ec cA ubi 11 11 11 11 11 
V / ͤͥÜ ³¹ w ⁰²⁰mm a ⁊ð2z eg ase 11 11 11 58 § 78 
New Zealand? _______________________________ 190 190 180 165 175 
Nicaragua s 33 6 $5 3 34 
Norway! ß UU I LAE a 145 145 145 145 110 
Paraguay EEO IO ener pr ³⅛wm 0h; m 8 63 59 81 94 90 
PéFU Ü˙”ſ ³ĩÄ2ꝗAAA. aa ³o¹·¹¹¹ . 537 40 40 40 40 
Philippines 94 73 56 55 50 
F ³·¹Ü¹ ͥ: «. ̃7ꝛ—f wd lye ee eat E E 4.607 4,476 4.543 4.686 4.500 
FF! as lr %ð mt ees Sea r 5300 1275 250 220 230 
Ü;ðÜuſͥä¾ ¼rrrr ecu En = te ENEE 4,125 4,180 3,994 *4.100 4,100 
Saudi Arabia ee cuu EE 190 7190 10 112 13 
South Africa, Republic of (sale) ) 2 2222s 2,380 2,232 2,085 2,325 82.220 
J ³o6AAA.ĩ ³ĩWs³³ü;. ae ¶ da E: 1.158 1.200 1.100 1.199 1.200 
Ü ⁵ pera ⁊ð . k k ek A 1718 1649 681 F Sun 680 
Switzerland _-----------------------------—- 63 51 47 45 45 
Ig ] ] ] T198 T152 145 130 115 
E..... ⁵ 7 7 33 3 3 
AEN 514 e550 640 *660 660 
KT EE 1,000 1,000 1,100 €1,100 1,100 
Ugandas Semema ͤ ͤm ::: 7˙·˙ ˙ ...... 8 193 182 455 1 550 550 
USSR tiroteo ENER 31.306 31.636 32.520 32.520 32.520 
United Arab Emirates 45 45 50 50 50 
United ing dodddd e T2150 2.75 12750 12750 2.750 
United States including Puerto Rico (sold or used by producers) 18,890 14,112 14,902 15,956 515,713 
UFURÜAY eeh x 55 15 11 9 9 
Venezueilak dw LLL LLL LLLLLLLLLL 2 2 2 eg 2 


See footnotes at end of table. 
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Table 8.—Quicklime and hydrated lime, includi 


dead-burned dolomite: Worid 
production, by country' tinued 
(Thousand short tons) 
Country? 1981 1982 1983 1984P 1985° 
GGG aaaea i Aes Lec 2,826 2,657 2,810 2.850 2,750 
Ee aspen sl on ccc 8 136 114 118 121 121 
Zumbac-- acd eL I E te uai m E 221 204 213 256 255 
Total 


E eebe 7128,921 "120,364 121,919 125,680 123,531 

*Estimated. Preliminary. "Revised. 

Table includes data available through June 24, 1986. 

ime is produced in many other countries besides those listed. Argentina, China, Iraq, Pakistan, and Syria are among 
the more important countries for which official data are not available. 

Data are for years ending June 30 of that stated. 

*Less than 1/2 unit. 

Re ported figure. 


Revised to Not available.” General information is inadequate to formulate a reliable estimate of output, if any. 
Pata are for year ending mid-July of that stated. 


Lithium 


By James P. Searls’ 


The United States remained the world’s 
largest producer of lithium minerals and 
chemicals, although the two domestic pro- 
ducers reduced production. Estimated con- 
sumption declined, despite a very signifi- 
cant increase in imports, primarily because 
of a decrease in demand for lithium carbon- 
ate by the aluminum smelting industry. 
Exports also decreased, and producers’ 

stocks increased. Estimated world produc- 
tion siege nestles because of significant in- 
creases in Australian and Canadian produc- 


tion of lithium ores and Chilean production 
of lithium carbonate from brines. 

Domestic Data Coverage.—Domestic pro- 
duction data for lithium are developed by 
the Bureau of Mines from a voluntary 
survey of U.S. operations. Of the two oper- 
ations to which a survey request was sent, 
both responded, representing 100% of total 
production. However, production and stock 
data were withheld from publication to 
avoid disclosing company proprietary data. 


Table 1.—Salient lithium statistics 


(Short tons of contained lithium) 
1961 1982 1988 1984 1985 
United States: 
Production? cc eL v cds Ww WwW Ww W W 
Producers’ stock changes 44 wW W W U W 
lap . .. 8 150 80 85 90 410 
Shipments of Government stockpile surplus? __ ----------- es 2 1 1 1 
Epi 6,900 5,000 6,000 6,600 5,500 
J oes oL ⁰⁰y ME 8 5,800 4,800 4,800 6,100 5,000 
Export S C nh EE 2,600 2,900 2,600 2,900 2,500 
Consumption: 
A ECCO be ee eee E W W W W W 
)ũũũũ K ye PESCE 8,200 2,000 2,200 8,200 2,500 
Rest of world: Production’ ? _.__.....__._._-..._-_-_-- 2,800 2,600 2,600 8,300 8,600 
"Estimated. W Withheld to avoid disclosing company proprietary data. 
concentrate and 
pounds, concentrate, ores, and metal. 
*Lithium hydroxide 
minus inventory 


Based 
ESI 
"Compounds. 


Legislation and Government Pro- 
grams.—The General Services Administra- 
tion reported four sales of lithium hydrox- 
ide monohydrate from excess stocks in the 
National Defense Stockpile. This material 
was excess from a 1960’s nuclear weapons 
program. The stockpile originally contained 
46,000 short tons of material, about 75% 
of which was depleted of lithium 6 and 


increase. 
on monitoring at the carbonate stage and assuming a 15% lithium loss during conversion of 


possibly contained 8 to 9 parts per million of 
mercury. In 1985, 8 tons of depleted materi- 
al was sold. At yearend, one account con- 
tained 15,885 pounds of depleted material, 
and a second account contained 11,500 tons 
of virgin material and 28,448 tons of de- 
pleted material, for a total of 39,956 tons of 
material. 
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DOMESTIC PRODUCTION 


Two companies continued to produce lith- 
ium products in the United States. Foote 
Mineral Co., 87.5% owned by Newmont 
Mining Corp., mined lithium ore from a 
pegmatite dike in North Carolina. The ore 
was purified and converted to lithium car- 
bonate and related lithium compounds. 
Foote also produced lithium compounds 
from subsurface brines in Nevada. Lithium 
Corp. of America (Lithco), owned by Gulf 
Resources & Chemical Corp. at the begin- 


ning of the year, mined lithium ore from a 
pegmatite dike in North Carolina. On July 
19, Gulf Resources sold Lithco to FMC Corp. 

Foote reported total domestic production 
of 9,230 tons of lithium carbonate equiva- 
lent, or 1,735 tons of contained lithium, a 
decrease of about 30. Foote produced 
downstream lithium chemicals, metal, and 
related products in Frazer, PA; Sunbright, 
VA; and New Johnsonville, TN. 


CONSUMPTION AND USES 


Major consumers of lithium minerals and 
chemicals were the aluminum, ceramics 
and glass, grease, and synthetic rubber 
industries. These markets were related pri- 
marily to transportation, i.e., the aircraft 
and automotive industries. Ceramics and 
glass were also used in industrial and con- 
sumer applications. The decrease in esti- 
mated consumption of lithium minerals and 
chemicals was due primarily to permanent- 
ly reduced activity in the aluminum smelt- 
ing industry. 

The addition of lithium carbonate to the 
cryolite bath in aluminum potlines was the 
largest end use for lithium. The lithium 
carbonate converts to lithium fluoride, 
which lowers the melting point of the bath, 
allowing a lower operating pot temperature, 
as well as increasing the electrical con- 
ductivity of the bath. These changes al- 
lowed more flexibility to the operators of 
the potlines to either increase production, 
reduce power consumption, or increase cur- 
rent efficiency. 

As an additive in ceramics and glass, the 
second largest end use, lithium lowers melt- 
ing points, reduces the coefficient of ther- 
mal expansion, and replaces toxic com- 
pounds. The largest ceramics end use was 
in the manufacture of thermal-shock- 
resistant cookware. Low-iron petalite and 
spodumene were used for both their lithia 
(LiO,) and alumina (AL) contents. 

Lithium-based greases, the third largest 
end use, were the preferred greases for 
many uses because of their low hardening 
point, high dropping point, and good water 
resistance. They were used extensively in 
military, industrial, automotive, aircraft, 
and marine applications. 


Aluminum-lithium alloys were used ex- 
perimentally in 1985 and had potential for 
greater use in the aircraft and aerospace 
industries because of their mechanical prop- 
erties. These alloys contained 2% to 3% 
lithium and offered lower density, a higher 
elastic modulus, and excellent corrosion 
resistance compared with that of conven- 
tional aluminum alloys. A French firm was 
arranging financing for an aluminum- 
lithium plant at yearend. The British sub- 
sidiary of a U.S. firm announced plans to 
increase its lithium metal production capac- 
ity while a British aerospace firm had plans 
for a prototype aircraft with unspecified 
components of aluminum-lithium. This 
group of alloys face active competition from 
the composite materials, which use such 
materials as boron, graphite, or aramid 
fibers imbedded in plastic. 

Lithium batteries, in several forms, were 
competing with other types of batteries in 
both the primary (nonrechargeable) and 
secondary (rechargeable) markets. 

Anhydrous lithium chloride was used as a 
feedstock material to prepare lithium met- 
al. Small quantities of lithium were con- 
sumed in the form of butyllithium, which 
was a catalyst in synthetic rubber produc- 
tion, and as lithium hypochlorite, which 
was a sanitizing agent in the food process- 
ing and bottling industries, as well as in 
swimming pools. Other small consumption 
but important lithium end uses included 
lithium carbonate prescribed for treatment 
of manic-depressive mental disorder, lithi- 
um acetate dihydrate as an ester inter- 
change catalyst in polyester production, 
and lithium metal as a gas scavenger in 
speciality copper and copper alloy melts. 


STOCKS 


Yearend producers’ stocks of both lithium 
carbonate and marketable ore increased 


moderately. 
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Prices for the large-volume lithium prod- ide monohydrate, declined during the year. 


ucts, lithium carbonate and lithium hydrox- 


Table 2.—Domestic yearend producers’ prices of lithium and lithium compounds 


(Dollars per pound) 
1984 
Lithium bromide, 54% brine: lots, delivered in drunſ „1 ůͤ17. 4.06 
Lithium carbonate, technical: oad lots, delivereeddmklduj „„ 1.54 
Lithium : : Truckload lots, delivereeeedʒj̃ „„ 8.32 
Lithium fluoride ↄ ³o˙ AAA EE 4.90 
Lithium hydroxide monohydrate: Truckload lots, delivered... -----------------—-- 1.98 
Lithium metal e 1, Dopod ts Fa, f. SE Ee 82.50 
Lithium metal Ingot, baterr grade JJ nu a ie E LO I 22.10 
Lithium hg An anhydrous mc E c E Au dt ꝗ w; mm ha 8.09 
N-butyllithium in n-hexane (15%): 3,000-pound lots, delivered 222222. - 14.75 
Source: U.S. lithium producers. 
FOREIGN TRADE 


En co e RS m we Co co 
SS888 8888 


— 


U.S. exports of lithium carbonate decreas- petalite from Zimbabwe increased by more 
ed 23%, owing to the entrance onto the than four orders of magnitude, and imports 
world market of the Chilean capacity inthe of spodumene from Canada increased by 
middle of 1984. Exports of lithium hydrox- over 18 times. Imports of lithium carbonate 
ide and other lithium compounds were es- from Chile increased by 262%. Lithium 
sentially unchanged. metal was imported from the United King- 


U.S. imports, relative to those of 1984, dom for the first time. 
displayed some large changes. Imports of 


Table 3.—U.S. exports of lithium chemicals, by compound and country 


1984 1985 
Compound and coun Gross Gross 
ay weight Value weight Value 
(pounds) (pounds) 
Lithium carbonate: 
J)GGFͤ%!! ³˙ d een Lee EET 57,200 ,130 

ö˙%.§.ĩ˙ö⁰ ͥÄOĩ: EE e 089 114,949 264,475 $341,203 
Canada c eo ee Lee eee ee 1,238,188 1,941,641 1,898,790 2,964,347 
/// ²⁰ Locus me ee ee eimi cras ee ics MS 4,240 
Frano o nol uade cua eue RR 8 S 97,218 
Germany, Federal Republic oa «„ „4„„ 8,819,070 10,954,569 8,921,495 4,862,449 

lge, i 52,121 40, 
%%% oe ee a a a 4,691,902 6,803,317 5,611,356 7,109,481 

Korea, Republic o“!!! 822 216,578 210,937 239, 
EMO oe eee ee curd mu E ee EE 481,520 633,692 871,181 548,249 
JJ; a SE Gd e 182,000 174,240 153,974 199,590 
ew Zealand_ nno . ( 88 81,240 61,154 26,409 55,075 
"de Africa, Republic o) 46,205 180 80,609 129,384 
Taiwan ues g ees een 139,592 219,464 204,250 216,050 
United Arab Emirates 264, 406,108 40,000 65,200 

United Kingdom `... 154,018 213,767 22,000 29, 
Venezuela NTC TEMO 1,748, 2,416,585 1,037,414 1,444,475 
Cc d e Se vl NE 44,612 "13,860 Gr im 
„3 ² P ee n ta 18,068,536 24,486,955 18,916,356 19.006.336 

Lithium hydroxide 

nun M a st ee CENE 480,812 766,887 67,818 123,412 
“l!!! Rm Ed ees 102,400 183,440 319,380 608,218 
Bahamas e ß es ee ee 926 1,250 
TU EE 70,400 126,720 165,440 297.792 
Brani. Ql ⁰⁰Au. ⅛Äs ͤ ⁰⁰dxtd ae te 068 1,229,638 855,31 1,535,846 

Canada eo p a a m Sue Ee 4,225 8,758 5,622 9, 


See footnotes at end of table. 
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Table 3.—U.S. exports of lithium chemicals, by compound and country —Continued 


1984 1985 
Compound and coun Gross Gross 
E try weight Value weight Value 
(pounds) (pounds) 
Lithium hydroxide —Continued 
Chile ud. ker aaa aa 16.084 $158.111 29,544 ,053 
Sie LLL cene cese 26,150 41,811 140,275 257,198 
er, TEE 16,191 32,576 4,409 8,112 
Üĩ5¹L a 162.800 315.400 86.857 156.940 
Germany, Federal Republic o:. 1.397.344 2,273,650 1,856,448 2,162,298 
Hach ↄ i 8 4.400 9.020 2.075 4.510 
!öĩÜĩ es eee ee ee ee a 440,291 612,000 831,778 555.031 
IEN TT TEE ³ Ete 135,000 285,492 75,000 158,529 
TAN oe oe a ee a eee E de, ae 4,409 8,025 
lirmel ol a ig ete Eg) cae i ee te, 45,686 80,949 12,043 21,219 
LEE 22,000 39,600 ane c 
Japan EE 1,899,638 3,143,978 1,741,088 3,044,939 
FE’ / ee ee E ME A den 18,238 54,330 
Keren. Republic ohiinn 110,994 169,145 116,582 216,221 
/ ↄĩqͥü cem ] -A a a 3.799 7,024 4,200 7,686 
0öÜ§;%oẽ ͥ ß EE s 405.954 728.345 534.586 970.551 
Netherlands `- --------------------—-—-——— 610,860 1,086,390 341,230 602,616 
TTT, WEE 20,940 34,533 6,614 13,170 
Nigera ie ]ĩÄV?.w. k- ee a E IE 9.240 16,203 
|l I MMC" 44,261 81,101 25,312 41,321 
)))) och oak ee EEN Së 2S 26,738 43,384 
jq pur c 88 61,100 116,413 75,633 136,322 
Saudi — J E K Sr as et LA ee "n 11,000 20,500 
Singapore o ore EE 101,411 190,720 118,948 216,297 
South Africa, Republic o... 149,610 297,187 259,678 460,063 
% a eh Ee 118,800 207, 840 156.200 262,108 
amie hn bane a Sal a ene Soe 8 91,172 144,586 74,996 134,082 
f . a ea era eis 26,781 49,388 16,066 26,839 
United Arab Emirates ~... ------------------—-— Ge e 8,576 15,750 
United Kingdooe ggg 776,283 1,445,110 731,748 1,249,180 
„ d 78,372 139,726 88,559 160,032 
)) ceca um Hue Ad a ee 1,102 1,985 30,564 55,560 
%% ³Ü¹Ü ee ee PEE RSEN 147.920 "81,532 E^ e 
l.. a er ¼˙ ä 8 8,197,954 14.107.655 7,853,428 13,709, 486 
Other: 
Argentina ² d 143 751 6,118 22,961 
, . v erm 29.485 64.814 10.222 24,194 
UR ie a ne a [ee 24,428 42,750 
Belgium- oceana ete ee dou Se tL Li. 2,160 4,578 530 64,224 
;ÄÜÜ’.⁵ ee ee ea ͤ . a ia 29,721 63,924 §1,221 86,941 
Ié TEE 844,280 1,372,335 940,596 1,910,884 
Chile cst a ht rs IK a E AA 9,825 : 3,968 8.478 
Chibi. dnm ure d d ð v meet hol " = 27,143 47,500 
Colombia JJ ĩͤ J et CUES 13.274 25,255 7.584 12,637 
N ² es Se a ee 527 1.130 
Denmark o.oo ee . yy 85 2,485 30,033 5,830 4,628 
% ³ÄW a MPH 33,384 94,588 42.522 171.826 
c ad Federal Republic o 879,079 1,277,981 883,906 1,241,254 
) ³ð³ y ³o»¹ 8 3,086 13,401 1,096 1,700 
Israel qoM So REP EDEN 8 5.235 139,984 1,687 46,075 
Ill!!! -n 23,255 43,357 6,157 12,085 
P ·ͥ auta .. E EE EE 986,107 2,006,854 530,978 1,653,141 
Jórdan o o ] ff; EES S. 15,000 15,000 
Korea, Republic of -------------------------- 133,861 203,754 83,768 118,083 
Libéria xs ⁰⁰ Eë RS 10,079 11,631 
/ deta ncc uci 8 fie 5,270 7,300 
P T ET 67.131 176.307 324.759 684,533 
Netherlands "E 219,641 279,400 181,357 242.981 
Pakistan orna AA 26.734 47,420 52.515 89,530 
Saudi iis EE EE 6,310 8,000 15,488 
V / ⁰³¹¹ ⁰wu. •m.trr ñð ) K PE E 11,983 81,527 
Sin Africa, Republic oa!!! „ 10 31,136 5,615 9,309 
J ſy yyy E 4.7 : TT m 
Switzerland 77%%%Cõͥͤĩ ACT IP SAS eens Sat tee a A 6,500 834,000 
EE 121,150 170,540 3,647 31,740 
FAI E 7.962 23.361 PU 9 8 
Uni Arab Emirates... ss er SC 6.360 5,049 
United Kingdom `... 1,943,834 3,502,675 2,338,142 4,878,809 
Venezuela le Dl cU et a 8 22,570 30,287 9,640 52,334 
TTT TEE EE 198 65,676 215 13,000 
Other cula aclaro 8 12.050 41,751 Eë E 
Total EE 5,430,448 9,764,656 5,608,383 12,453,022 
"Revised. 


Source: Bureau of the Census. 
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Table 4.—U.S. imports for consumption of lithium-bearing materials, by commodity and 


country 
1984 1985 
: Value G Value 
Commodity and country bel (thousands! weight (thousands) 
(pounds) Customs C.i.f. (pounds) Customs Cif. 
Lithium ores: 
Australia! 2... 119,049 $15 $20 164.794 $20 $23 
Canada! `... 180,000 9 9 2,596,545 314 314 
POMP duong 8 62 1 1 ae a X 
Zimbabwe `... 124 3 3 6,670,868 841 940 
Total ....... ..... 1299235 128 733 9.432,201 1,175 1.271 
Lithium compounds: 
Australia 4.198 35 39 = rM = 
Belgiuů nnn 2.197 6 7 4.933 4 4 
! ²˙ m LS 3.425 36 36 
FF ⁰ ee 750.014 842 891 2.713.783 3.468 3.655 
r oe eh eo um d 100,200 138 151 18 1 2 
Denmark 50 3 3 ; l 
France mem 6.131 765 770 13,820 1,712 1,722 
Germany, Federal Republic of 42,594 292 305 45,503 150 160 
apan. _. 2.22.2 Le ee 91 25 26 3,379 137 141 
Mezie y 15 1 1 : um ad 
Switzerland `... 15 (3) (?) e 8 ge 
United Kingdom `... 15,117 81 85 21,923 85 90 
Total? lcu “L 924,047 2.226 2.313 2,803,359 5.557 5.774 
Lithium salts: 
Chile dx 220 (3) 1 x x 
France. oso c he l i (3) R A I 
Germany, Federal Republic of 9 4 4 
Japan- n 1 (3) (3) 
Total? en Ln 231 5 5 i 2 
cm metal: 
Federal Republic of ` _ 334 12 12 100 4 4 
Und d Kingdom 5 = . 41.503 456 466 
Total. cP to yes 334 12 12 41,603 460 410 
"Revised. 
!Spodumene concentrate. 
Lees than 1/2 unit. 
*Data may not add to totals shown because of independent rounding 
Source: Bureau of the Census as adjusted by the Bureau of Mines. 
WORLD REVIEW 


The separate owners of two high-grade, 
low-iron spodumene deposits were consider- 
ing adding lithium carbonate plants at the 
minesites, in Canada and Australia, during 
the year. Also, three brine resources in 
South America were being considered for 
lithium carbonate production, given the 
success of the first brine operation in Chile. 
It was not clear, as the year ended, whether 
future demand would be sufficient to justify 
the development of additional lithium car- 
bonate supplies. 

Australia.—A feasibility study was ex- 
pected to be completed by January 1986 on 
a proposed 11-million-pound-per-year 
Li:CO, plant that would use Greenbushes 
Tin Ltd. (GTL) spodumene as the raw ma- 


terial. A 15-year initial mining plan was 
developed, based on spodumene reserves of 
3.3 million tons containing 4.0% Li O. The 
joint venture partners, GTL, Metallge- 
sellschaft AG, and C. Itoh & Co. Ltd., were 
expected to reach a decision in mid-1986.? 
Meanwhile, GTL was exporting low-iron 
spodumene to the ceramics and glass indus- 
tries. 

Austria.—Mineral Exploration GmbH 
continued exploration of the Koralpe peg- 
matite deposit. Reserve estimates increased 
to 11 million tons of spodumene grading 
1.6% Li,O.* Flotation tests demonstrated 
that concentrates of 6% LO could be 
obtained. 

Bolivia.—The Bolivian Congress created 
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a state agency, Complejo Industrial de los 
Recursos Evaporiticos del Salar de Uyuni 
(CIRESU), to manage development of the 
Salar de Uyuni, a potential source of lithi- 
um, potassium, and boron compounds.’ 
CIRESU was authorized to explore, exploit, 
industrialize, and market through con- 
tracts, joint ventures, and partnerships. 
Drilling was also scheduled for the Laguna 
Colorda area in the southwestern corner, 
near the Chilean border, to outline a geo- 
thermal resource as an electricity generat- 
ing site. This potential source of electricity, 
required for any industrialization of the 
Salar de Uyuni, is about 150 kilometers 
south of the salar. The $11.5 million funding 
for the drilling was supplied by the United 
Nations Development Program and the 
Government of Italy. 

Canada.—In 1984, the Tantalum Mining 
Corp. of Canada Ltd. (TANCO) began pro- 
ducing a low-iron ceramic-grade spodumene 
concentrate. In 1985, TANCO started con- 
struction of a $6.4 million ore processing 
plant at its Bernic Lake, Manitoba, mine.* 
The plant, with design capacity of 22,000 
tons per year of spodumene concentrate, 
was scheduled to be finished in mid-1986. 

Chile.—The Government-owned Corpora- 
ción de Fomento de la Producción (CORFO), 
Molibdenos y Metales S.A. (a private Chil- 
ean firm), and AMAX Inc. (a multinational 
U.S. firm) formed a joint venture, Minera 
Salar de Atacama (MINSAL), to study the 
feasibility of a second production site on the 
Salar de Atacama.’ Initial production of 
potash and boric acid was proposed pending 
expiration of Foote’s exclusive right to pro- 
duce lithium carbonate. The Foote and 
CORFO joint venture, Sociedad Chilena de 
Litio Ltda., completed its first full year 
of lithium carbonate production and 
announced plans to study the feasibility of 
increasing capacity to 20 million pounds per 
year.* 

France.—Pechiney obtained financing for 
its planned aluminum-lithium alloy plant 
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near Issoire, south of Clermont-Ferrand.* 
The facility was planned to produce 3,800 
tons per year of alloys starting in 1987. 

Japan.—Lithco entered into a joint ven- 
ture with Honjo Chemical Co. for the manu- 
facture of lithium chemicals in Japan. 
Since 1960, the companies had cooperated 
in marketing U.S. produced lithium chemi- 
cals to Japan. Initial production of n- 
butyllithium was expected in mid-1986, 
with other products to be added as required. 

United Kingdom.—Lithium Corp. of Eu- 
rope, a subsidiary of Lithco, announced an 
expansion of production capacity for lithi- 
um chloride and metallic lithium at the 
Liverpool (Bromborough) plant. The ex- 
pansion anticipated growth in demand, pri- 
maril from the aircraft industry, for 
aluminum-lithium alloys. British Aerospace 
Ltd. planned to have an experimental craft 
with aluminum-lithium components in the 
air in 1986.* The experiment is a first 
step toward development of the "European 
Fighter Aircraft," a five-country program 
for joint production and use by 1995. The A- 
5J Vigilante of the U.S. Navy was the first 
airplane built with aluminum-lithium skin 
on its wings for weight reduction. 


Physical scientist, Division of Industrial Minerals. 

*Foote Mineral Co. 1985 10-K Report. FMC „ the 
new owner of Lithco, did not report specific lithium data in 
its 1985 10-K report. 

*Greenbushes Tin Ltd. (Australia). Quarterly Report. 
Fourth quarter ending June 30, 1985, p. 2. 

jae Mining in Austria. V. 153, No. 4, 
1985, p. 


iene —; Bolivian Geothermal Project. V. 153, No. 2 

‘Metal Bulletin (London). TD To Reopen —But Not 
for Tantalum. No. 6994, 1985, p. 1 

"Industrial Minerals 1 Lithium Reserves and 
the Chilean Factor. No. 215, 1985, p. 19. 

*Mining Journal (London). SCL Lithium Expansion 
Plans. V. 305, No. 7825, 1985, p. 103. 

*Metal Bulletin andon! Pechiney Lithium Finance 


Agreed. No. 7033, 1985, p. 1 
°Lithium Corp. of America. News Release. Gastonia, 
NC, Sept. 11, 1985. 
Metals Week. Lithco Expanding Capacity in Europe. 
V. P No. 14, 1985, p. 6. 
Metal Bulletin London) Lithium Alloys Take to the 
Air. No. 6988, 1985, p. 1 
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Table 5.—Lithium minerals and brine: World production, by country! 


(Short tons) 
Country? 1981 1982 1983 1984P 1985° 
Argentina (minerals not specified) ___........--.-- 28 125 168 2A 22 
Australia, spodumene®______... ____._._----__. UN *90 1,100 7,200 412.300 
Amblygonite kk 305 78 125 54 83 
Lepidoltg- 222. 22.552 co esol sores EE 2 82 1 (5) dm 
wi lp Mae" EMI TR 2,293 2,528 2,086 526 550 
Spodumene. .... LLL ee ee 816 128 817 330 
Canada, umene? e s LS CHE SE Sat a2 oe 90 1,200 
Chile ( nate from subsurface brine :- Sg MN In 2,326 *4,969 
China (minerals not specified? " _ 15,400 15,400 16,500 16,500 16,500 
Namibia (minerals not specified) |... - ----------- 1,392 1,146 860 970 2,160 
Portugal, lepidolite ` _ - - - - - - - - - - -- --- -= —-—-- 990 998 601 *660 720 
Rwanda, ambivgonitef ___.-—----------------—- è) Kaes E — o 
U.S.S.R. (minerals not specified)? 7 . . . 60,600 60,600 60,600 60,600 60,600 
United States, spodumene and subsurface brine _____ _ W W W W W 
Zimbabwe (minerals not specified 18,126 10,788 21,157 25,210 21,100 


"Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 

Table includes data available through May 20.1986. 

In addition to the countries listed, other nations may produce small quantities of lithium minerals, but output is not 
reported and no valid basis is available for estimating production levels. 

Data are for years ending June 30 of that stated. 

*Reported figure. 

"Revised to zero. 

*Estimates from U.S. imports from Canada. 


"These estimates denote 3 an approximate order of magnitude; no basis for more exact estimates is available. 
Output by China and the U.S.S.R. has never been reported. 
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Magnesium 


By Deborah A. Kramer! 


Both domestic production and consump- 
tion of primary magnesium in 1985 decreas- 
ed from those of 1984, owing principally to a 
decline in demand for magnesium for alu- 
minum alloying. Magnesium alloy manu- 
facturers continued to introduce high- 
purity versions of conventional alloys, 
which led to an increased demand for mag- 


United States remained a net exporter of 
magnesium, although both exports and im- 


ports of magnesium materials declined. 
Domestic Data Coverage.—Domestic con- 
sumption data for magnesium metal are 
developed by the Bureau of Mines from a 
voluntary survey of U.S. operations. Of the 
159 operations to which a survey request 
was sent, 82% responded, representing 88% 
of the primary magnesium consumption 
shown in tables 1 and 8. Consumption for 
the 28 nonrespondents was estimated using 
reported prior year consumption levels. 


Table 1.—Salient magnesium statistics 


(Short tons unless otherwise specified) 
1981 1982 1988 1984 1985 
United States: 

Primary magnesium ....... 158,782 102,197 115,431 159,207 149,614 
Secondary mj, 46,256 46,329 148,357 45,523 
Exports _ - - - -- -~--~ -= --- 84,855 89,613 46,690 48,331 40,322 
Imports for consumption 6,891 4,184 6,350 9,381 9,271 
Consumption, primary 91,461 74,599 81,976 89 887 83,502 
Price per pound e $1.25-$1.34 $1.84 $1.38 31.48-81.48 $1.48-$1.53 

World: Primary production — . .._ _—- 339,781 1279, 568 286,204 P360,236 *360, 

"Estimated. Preliminary. Revised. 


Legislation and Government Pro- 
grams.—The Environmental Protection 


Agency issued final regulations under the 


Clean Water Act for specified nonferrous 
metals forming operations. These regula- 
tions limit the discharge of pollutants by 
existing and new operations into navigable 


waters and into publicly owned water treat- 
ment works. Effluent discharges from mag- 
nesium operations were to be regulated for 
ammonia, chromium, fluoride, and zinc con- 
taminants. Daily and monthly effluent lim- 
its for these contaminants varied according 
to type of operation and effluent source.” 


DOMESTIC PRODUCTION 


Primary magnesium production was AMAX Magnesium Corp., Rowley, UT; The 
about 80% of annual capacity. Three com- Dow Chemical Co., Freeport, TX; and 
panies produced primary magnesium metal: Northwest Alloys Inc., a subsidiary of Alu- 
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minum Co. of America, Addy, WA. AMAX 
and Dow produced magnesium from natural 
brines by the electrolytic process, and 
Northwest Alloys produced metal from do- 
lomite using the silicothermic process. 

Dow announced plans to spend $40 mil- 
lion to modernize its magnesium and alumi- 
num production facilities over the next 3 
years. Although the modernization at Dow's 
Freeport plant will not increase produc- 
tion capacity, the company intended to 
improve energy efficiency, labor productivi- 
ty, raw material yields, and product quality 
through the use of new production and 
foundry technology. 

Interstrat Resources Inc., a Vancouver, 
Canada-based firm, obtained financing to 
begin a feasibility study on its Pine Flat 
Mountain  magnesium-nickel-cobalt-chro- 
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mium property on the California-Oregon 
border. The feasibility study was to be 
conducted by Davy McKee Corp. and wes 
expected to concentrate on the following 
areas: geology and geostatistical analysis, 
mining, process development, engineering, 
and environmental impact. Reserves at the 
Pine Flat Mountain laterite deposit were 
estimated to be over 25 million short tons 
grading 24.5% magnesium oxide, 0.78% 
nickel, 0.61% cobalt, and 1.18% chromium. 
Davy McKee prepared a preliminary evalu- 
ation, which indicated that a 4,000-ton-per- 
day processing complex could produce 
80,000 tons of magnesium metal, 12,000 tons 
of nickel, 1,000 tons of cobalt, and 20,000 
tons of chromium annually, for a minimum 
10-year mine life. The study stated that 
such a plant would cost $230 million. 


Table 2.—Magnesium recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 


(Short tons) 
1981 1982 1988 1984 1985 
KIND OF SCRAP 
New scrap: 
Magnesium-base ________.-_..-.-.--..------ 2,833 2,455 2,878 79,192 1,664 
Aluminum-bese .- —— —0ͥ hk 19.240 17,346 18,718 18,402 17,915 
Total 2.22 vum meme ED E aeu A e 22,013 19,801 21,591 21,594 19,579 
Old scrap: 
Magnesium- bass „„ „ 5,593 5,314 6,311 75,232 5,104 
Aluminum-base A A „ 18,590 18,117 19,427 21,531 20,840 
de EE 24,183 23,431 24,138 "26,768 25,944 
et 46.256 43,232 46,329 148.357 45,523 
FORM OF RECOVERY 
Magnesium alloy Ingo)... 4,230 4,228 4,232 74,229 4.281 
Magnesium alloy castings (gross weight) --------------- 806 746 952 980 483 
Magnesium alloy shapes 13 -- ie Tut UN 
Aluminum alloys __...-.-_...----.-.-------~---. 88,155 96,587 89451 41,072 89,459 
Zinc and other alloys _ - - ~- -- - ------------------— 9 11 20 112 9 
Chemical and other dissipative uses „ 55 8 4 r9 8 
Cathodic protection. - - - - =- =- ~ = =- = «„ 2,388 1,657 1,670 2 055 1,338 
RT DEE 46,256 43,232 46,329 "48.351 45,523 
"Revised. 


Includes secondary magnesium content of both secondary and primary alloy ingot. 


CONSUMPTION AND USES 


Primary magnesium consumption declin- 
ed from that of 1984, chiefly owing to a 
decrease in consumption for the major end 
use, aluminum alloying. Although total de- 
mand decreased, magnesium consumption 
for structural uses, principally diecasting 
and extrusions, and as a reducing agent for 
titanium increased significantly. Primary 


magnesium demand for iron and steel de- 
sulfurization was estimated to be 8,000 tons. 

Automobile manufacturers continued to 
replace some aluminum parts with magne- 
sium components. Ford Motor Co. announc- 
ed that it intended to use die-cast magne- 
sium transfer case housings for its 1987 
model year F-Series pickup trucks and full- 
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size Bronco vehicles. The transfer cases, 
weighing about 14 pounds, will replace 21- 
pound aluminum transfer cases and were 
expected to increase domestic magnesium 
consumption by 2 to 2.5 million pounds per 
year. Magnesium clutch similar 
to those used in the 1984 models of Ford’s 
Ranger II and Bronco trucks, were expected 
to be installed in Ford's compact-size Aero- 
star vans. 
Photoengraving Inc. reportedly substitut- 
ed magnesium for zinc on its steel-backed 
dry offset printing plates used in printing 
preformed packaging. Advantages of the 
magnesium plate include sharper printed 
image, longer plate life, reduced cost of 
etching solution, and faster etching time. 
MBA, 
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plant. Initially, the company planned to use 
the powder in production of infrared flares, 
but expected to market the powder when 
production reached 500 pounds per day. 

Oregon Metallurgical Corp. installed four 
additional electrolytic cells at its Albany, 
OR, facility to recover magnesium from 
magnesium chloride generated during tita- 
nium sponge production at a cost of $1.8 
million. Space was provided for an addition- 
al eight cells. The 4 completed cells increas- 
ed the company’s total to 25, with a recov- 
ery capacity of 3,500 tons of magnesium per 
year 


Increased demand for magnesium was the 
reason for Dow's decision to add a third 
extrusion press and expand its manufactur- 
ing facility at Aurora, CO. The expansion 
reportedly will increase Dow's extruding 
capacity by nearly one-third. 


Table 3.—U.S. consumption of primary magnesium, by use 


(Short tons) 
Use 1981 1982 1983 1984 1985 
For structural products: 
Castings: 
Discus meuueesee uuum e oe LES iE 2,812 1,600 1,987 1595 2.457 
Permanent mold e 917 663 16 1,666 909 
= "ind EEN 1,222 1,387 1,888 1,982 1,684 
7770. RR RR NER RAE EAS E PR eae 5,786 7,059 7,098 5,828 1,156 
5 "eter d ee 4.547 2,981 4,818 4,878 4,182 
Other udes forgings). - - - ---- -- -------—-- 48 88 29 40 11 
Total uL basasa aaa medius ama eL 15,827 13,728 14,776 714,439 16,949 
For distributive or sacrificial purposes: 
r . emp us red oy anis 50,518 89,87 ; oe ee Weer) 
Wie a os eee ee oe ee ae Ba A 9 8 3 r4 $ 
G0 ³¹¹¹ſ cec EEN 7 8 aye geg 1 
Cathodic protection (anodes) )))) 6,449 5,964 5,686 14.777 4.748 
ede ic a dca A n EE de ᷣ yy y 5,315 4,823 5,664 75,501 3.824 
Nodulariron. „„ 8,755 2.541 2.200 12408 1,698 
— for titanium, zirconium, hafnium, uranium, 
JJ ĩꝗVW ARE ß 9.071 5,901 4,711 6,689 8,126 
Obi in ß e eee 1,006 1,751 2,906 1,392 1,299 
Pw TP 76,184 60,871 67,200 75,448 66,553 
Grand total A A 91,461 74.599 81.976 T89,887 83,502 
‘Includes scavenger, deoxidissr, and powder 
STOCKS 


Consumer stocks of primary magnesium 
ingot declined from 6,920 tons (revised) at 
yearend 1984 to 6,168 tons at yearend 1985. 
Stocks of magnesium alloy ingot decreased 
from 585 tons (revised) at yearend 1984 to 


428 tons at yearend 1985. Primary producer 
stocks of magnesium rose from 27,116 tons 
at yearend 1984 to 36,736 tons at yearend 
1985. 
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Table 4.—Stocks and consumption of new and old magnesium scrap in the United States 


(Short tons) 
Stocks, — Stocks, 
Jan.] Receipts New Old Tote! Dec 31 
scrap scrap 
1984:" 
BE Sege 1,222 5,597 863 5,232 5,595 1,224 
Solid wrought scrap? __ 41 694 694 "m 694 41 
TOlM Ec wg ener es 1,263 6.291 1.057 5,232 6,289 1.265 
1985: 
))! ³ĩðͤ e 1,224 5,078 15 5,104 §,119 1,183 
Solid wrought scrap! . LLL ee 41 480 489 e 439 32 
%%%/%ͤ;̃n)n)))fpfpf esee e 1,265 5,508 454 5,104 5,558 1,215 
"Revised. 
Includes borings, turnings, droeses, etc. 
PRICES 


At the beginning of the year, the price for 
primary magnesium ingot was quoted by 
Dow and AMAX at $1.48 per pound and 
remained at that level until early Decem- 
ber. At that time, Dow announced an in- 
crease of its price to $1.53 per pound, 
effective December 9 for noncontract cus- 
tomers and as terms permit for contract 
customers. AMAX also announced that it 
would increase its primary ingot price to 
match Dow s, effective January 1, 1986. At 
yearend, the quoted price for primary mag- 
nesium ingot was $1.48 to $1.53 per pound. 

Diecasting alloy producer prices were 


quoted at $1.26 to $1.30 per pound at the 
beginning of 1985. Along with price in- 
creases for primary ingot, Dow increased its 
price for diecasting alloy from $1.30 to 
$1.40, effective December 9, and AMAX 
increased its price from $1.26 to $1.29, 
effective January 1, 1986. Dow later an- 
nounced a price reduction to $1.33 effective 
January 20. At yearend, the prices quoted 
by the producers for diecasting alloy were 
$1.26 to $1.40. Both companies cited increas- 
ed production costs as the reason for the 
price hikes. These were the first price in- 
creases announced since July 1984. 


FOREIGN TRADE 


Exports of magnesium declined 17% in 
both quantity and value from those of 1984. 
Japan and the Netherlands continued to be 
the primary destinations, together account- 
ing for 55% of U.S. exports. The United 
States remained a net exporter of magne- 


sium. 

Magnesium imports in 1985 decreased 
slightly from those of 1984, both in quantity 
and value. Canada and Norway were the 
primary import sources, together account- 
ing for 54% of the total. 
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Table 5.—U.8. exports and imports for consumption of magnesium 


EXPORTS 
Metals and alloys Semifabricated 
Year ——— —— — 
Value ti Value Value 
Quantity Quantity Quantity 
tons) sands) tons) 
1 iaaa 638 $1,681 43,992 $111,988 2,060 $11,045 
1984 oe nhs AR 1,249 8,862 44,880 120 12,496 
185 5 796 071 $7 484 100,128 048 11,401 
IMPORTS FOR CONSUMPTION 
„ sheets, 
ribbons, 
tent) (magnesium 
content) 
Quanti Value Quanti Value Quanti Value Quantity Value 
t (thou- — (thou- d thou- (short (thou- 
tons) sands) tons) sanda) tons) tons) sands) 
1988 .....- Se 1 887 143 151 288 
1 % ur juu ve us no m Uum 
11 NEHME 2,814 4,778 1,992 5,525 8,651 12,774 154 2,010 
Source: Bureau of the Census. 
Table 6.—U.8. exports of magnesium, by country 
Semifabricated forms, 
metals, 
Waste and scrap n.e.c, including 
Country — DEN — ` — 
ti Value Value 
(ert tone) (thousands) Ne (thousands) tort we) 8 
1984 
Argentina LLL LL LLL. S SEH 580 $1,498 23 $101 
n RE: eet a 2,045 6 227 1.095 
— reyes pee tts ean Ve 8 ES 404 1,170 TA 
um-Luxembourg .--.------ SE See a as 
Brazil... a A SE = 844 18 
Canada... ~~ ek $1,578 4,910 13,328 2,043 
Cina =a Za 1,390 EEN E 
Ea rs ge ge ig pai 10 H 
France -------------z---- DN — 8 Se 49 
Es ee eee Ge auf 109 301 11 49 
Uo EMEN MM 2 ic 11 57 328 
Haly oe eee ee =á SS 78 107 1,018 
— o 59 10 12,042 28,856 106 802 
Korea, Republic c 88 118 821 22 
Mexico 90 7,541 182 609 
es cs eee a ates cea 80 62 17.769 50,707 481 1,624 
New Zealand lll ae uS 54 130 1 23 
EE E Se 48 769 4 59 
Saudi Arabia `... ne mu 1 8 10 22 
South Africa, Republic r Weg 42 1065884 45 227 
BOR. C ces e e or Se E ge Ges 81 337 
Nod Be cae 8 1 288 
Talwll ² ˙AAA camem 22 21 122 815 11 54 
United Kingdom ...........- () 18 189 420 144 1,541 
Venus um EOM 326 589 
Other... 8 7 186 598 150 1476 
r ee 1,249 8,862 44,880 120,804 2,208 12,495 
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Table 6.—U.S. exports of magnesium, by country —Continued 


"NN Waste and scrap oys : n.e.c, including ` ` 
Quan Value Quantity Value Quantity Value 
mar te) (thousands) (short tons) (thousands) (short tons) (thousanda) 
: 1985 ali 
Argentine 3 FONS 240 $634 8 843 
Australia uid "m 1,710 8,960 269 1,488 
5 = a d 157 18 e 
um-Luxembourg ........- GES 2z 
F Se 2: 181 | 35 ^. 2 > W 
Canada 877 $875 4,880 12,806 eB4 .- 2462 
Chl. oen ee es GE E 8,132 8,326 e NE 
Es S = £m 3.3 
France — — ---- W 1005 D id 1 44 
VVV Se is 505 1,882 $ SER) 
C SS Se 5 84 44 221 
Haly oe cae m end dus ice M "E .- 8 16 ` 88 ' 739 
— 03 " „ 4 E 
Max ec ee 19 45 2,462 6,556 ^ 162 ' 88 
Netherlands ae em 10,718 90,609 ` 889 . 212 
1 se 108 293 i e 
C E E 7 30 23 e 
GE Republic of 2222 2a zs = % we 9 158 
CCC Mi e 21 10 14 218 
JJ LUPO Sal SRM ee aie "s 6 15 12 172 
Unived Kingdom Kingd on 64 136 11 65 141 Lë 
V a D E DE ne ae 127 333 1 15 
GEN ER ME 251 685 91 e 
„„ So cen eli: 796 2,071 87,484 100,128 2,043 11461 
"Revised. 
Less than 1/2 unit. ` 
Source: Bureau of the Census. 
Table 7.—U.S. import duties for magnesium 
T TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985. 
Unwrought metal „ 628. ad valorem —. — 8% ad valorem. _— 100% ad valorem. 
alloy 628.57 6.7% ad valorem 6.5% ad valorem. — 60.596 ad valorem. 
Wrought metal... 628.59 5 cents per pound on 4.5 cents per 40 cents per 
ium content on um on 
plus 2.896 ad valo- content plus content plus 20% 
rem. 2.596 ad valorem. ad em. 
WORLD REVIEW 


Canada.—Norsk Hydro A/S, based in 
Norway, planned to construct a 55,000-ton- 
per-year primary magnesium plant in 
Bécancour, Quebec, at a cost of $220 million. 
The company reportedly awarded a con- 
tract for the feasibility study on plant 
construction, and construction was expected 
to begin in the first half of 1989. Norsk 
initially expected to use imported magne- 
sium oxide as a raw material for the proc- 
ees, but planned to develop raw material 


production in Quebec in the future. Norsk 
planned to market the magnesium in the 
United States and chose Canada rather 
than the United States for the plantsite 
because of lower energy prices. The location 
in Canada also would reduce the company's 
shipping costs of exporting magnesium to 
the United States from Norway.* 

Webster Manufacturing Ltd., a wholly 
owned subeidiary of CAE Industries Ltd., 
was awarded a long-term $70 million con- 
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tract by General Motors Corp. (GM) to 
manufacture die-cast ium 


chine shop was expected to begin late in the 
year. 
Chine.—The China National Nonferrous 


plant in Qinghai Province. Most of the 
magnesium in China is used for titanium 
production. 

India. Tamil Nadu Chemical Products 
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annual magnesium demand of about 1,500 


over 17,000 tons supplied most of this de- 
mand, with 7296 of the imports received 
from the United States and 2096 from 
Norway. Exports from Japan were abou 
2,800 tons, and 7596 of this material was 
exported to the U.S.S.R. Over one-half of 
the magnesium demand in Japan was for 
rolled preducts.® 


Table 8.—Magnesium: World primary production, by country! 


(Short tons) 
Country 1981 1982 1983 1964? 1985* 
Bd SE S x ge 1,100 2,200 
eege eege y 29,370 8,700 6,600 8,900 1.100 
used )))) 8 8,006 10.63 12206 14438 14238 
Hag — T "11300 NE 5 Bast 38.601 
VVV 52,472 89,508 82,897 64,343 — 
U ESPERE EENEG 86,000 89,000 91,000 65,090 
United Beate 158,782 102.197 115,481 1 3149,614 
Yugeslavia LLL LLL LLL LL LLL LLL l.l 4,254 4,691 5,259 4,700 5,000 
Tua EEN "$39,731 "279,568 286,204 360,236 200.504 
"Estimated. Preliminary. "Revised. 
Tabie includes data available through June 3, 1986. 
Reported figure. 
Table 9.—Magnesium: World secondary production, by country: 
(Short tons) 
Country 1981 1982 1983 1964? 1985° 
Japen- DEE 81,845 23,881 14,943 11,258 23,000 
U C 8 9,000 9,000 9,000 9,000 9,000 
United Kingdom nnn 2,100 1,940 F 1,900 d) NA 
United Sent 43,232 46,329 * 48,857 345,528 
Tel. crc ] A E A UE 88,701 78,069 71,572 74.818 71,528 
PPreliminary. NA Not available. 
Tabie includes date available through June 3, 1986. 
Revised to not available. 
9 Reported 
TECHNOLOGY 


Scientists at Dow developed wear-resis- 


from a magnesium-alumina composite ma- 


tant prototype components, primarily for terial. Because of their poor wear resis- 


the automotive industry, manufactured 


tance, magnesium alloys generally are not 
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used in applications where two surfaces rub 
together. By a proprietary mixing tech- 
nique, 1% to 10% alumina, by weight, was 
added to molten AZ91 magnesium alloy, 
and the resulting composite was cast using 
standard techniques for die or permanent 
mold castings. The added alumina provides 
wear resistance and does not increase the 
weight of the casting significantly. Several 
components, including an oil pump and 
cover and a cog-tooth timing belt 
pulley, reportedly were developed and were 
tested under actual operating conditions.* 
Dow introduced a high-purity version of 
its diecasting alloy, AM60, that was used in 


magnesium alloys, was composed of magne- 
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sium, yttrium, neodymium, and zirconium. 
Special melting techniques were devised for 
this alloy, because it could not be melted 
using conventional fluxes without high yt- 
trium losses. Possible applications for WE54 
include components for airframes, engines, 
flight equipment, weapons, and high-per- 
formance automobiles.’ 

A die-cast magnesium insert permitted 
driving a military vehicle up to 80 miles at 
80 miles per hour with two of its four tires 


tional wheel within the tire and is mounted 
on the rim. Over the next 5 years, 


!Physical scientist, Division of Nonferrous Metals. 


*Federal . Nonferrous Metals Forming and Met- 

al Powders Point Source Category; Copper Forming Point 
Source Ca ; Eff t Limitations Guidelines; Pre- 
treatment and New Source 


V. 50, No. 164, Aug. 28, 1985, pp. 
*Pennington, N. Uses Show 
TE Potential. . Met., v. 41, No. 1, Feb. 1985, pp. 51- 


*Kolrud, J. Norsk H Looks To Expand Into North 
America. Met. Bull. Mon. Landon) No 189, Dez. 12 


P. 93. é 
* Japan Metal Journal. V. 16, No. 18, Mar. 13, 1986, p. 9. 
*Shook, S. uation of Reinforced 


No. 180, Dec. 1985, pp. 74-77. 
Work cited in footnote 8. 


Magnesium Compounds 


By Deborah A. Kramer! 


Magnesium compounds shipped or used 
by producers in 1985 declined dramatically 
from those of 1984. Shipments of caustic- 
calcined magnesia declined to their lowest 
level in 20 years, and refractory magnesia 
shipments reached their lowest level in 
more than 40 years. Over the past 3 years, 
imported material supplied an increasingly 

domestic 


Natural brines continued to be the domi- 
nant source of domestically produced mag- 
nesium compounds. Magnesium oxide and 
other compounds were produced from sea- 
water by five companies in California, Dela- 
ware, Florida, and Texas; from well brines 


by three companies in Michigan; and from 
lake brines by two companies in Utah. 
Magnesite was mined by one 5 in 
Nevada. and olivine was mined by two 
companies in North Carolina and Washing - 
ton. 

Domestic Data Coverage. Domestic da- 
ta for magnesium compounds shipped and 
used are developed by the Bureau of Mines 
from a voluntary survey of U.S. operations 
entitled Magnesium Compounds.” Of the 
18 operations to which a survey request was 
sent, 88% responded, representing 59% of 
the total magnesium compounds shipped 
and used shown in table 3. Data for the 
three nonrespondents were estimated using 
prior year production levels and other fac- 
tors. 


Table 1.—Salient magnesium compound statistics 
(Thousand short tons and thousand dollars) 


Exports: Value 


CC 
*Causticcalcined magnesia only. 


Imports for consumption: value 
dolomite: 


1981 1982 1983 1984 1985 
2 160 148 143 1142 100 
-- $58, $56,368 $57,416 $42,257 $88,772 
-~ $14,559 810.925 $8, $14,026 $9,778 
ei $21 $2,055 — $5476 $9,504 $10,407 
- 616 458 4 

_. $146,908 $112,101 $00 473 $87,945 — $81,149 
Te $4727 22.721 $1955 89,641 $5, 
-- $22,290  $14162 $11,495 "$23,715 $29,161 
= 435 831 418 481 9411 
ES 789 $19,186 $24,454 $29,391 724 
ue 12478 12554 12258 18121 13,208 


"Revised. 
magnesia used in the production of refractory magnesia. 
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DOMESTIC PRODUCTION 


Seawater and well and lake brines con- 
tinued to be the primary source of domesti- 


from magnesite and dolomite. 

As part of a restructuring plan, Kaiser 
Aluminum & Chemical Corp. sold ita refrac- 
tories division, including its seawater plant 
at Moss Landing, CA, to a group of the 
company’s employees. A new company was 
reorganised under the name National Re- 
fractories & Minerals Corp. to operate the 
plant. 


Carolina and Washington. Shipments de- 
clined significantly to about one-half those 
of 1984. Olivine was ground to various 
grades for consumption by the foundry, 
refractory, and steel industries. 

National Olivine Corp., Dillsboro, NC, 
filed for bankruptcy late in 1984, and all the 
company’s equipment and property was 
sold in May 1985. The State was suing for 
enough money to finance the property rec- 
lamation, which was estimated to cost at 
least $75,000. National Olivine had property 
leases in the Buck Creek area, which revert- 


Olivine was mined from deposits in North ed to Appalachian Resources Inc. 
Table 2.— um compound producers, by raw material source, 
n, and production capacity in 1985 
Capacity 
Raw material source and producing company Location ieri t tons 
uve GE 
Magnesite: Basic Inne Gabbs, NM 150,000 
Lake brines: 

Great Salt Lake Minerals & Chemicals Cor Ogden, UT F 100,000 
V JJV endover, UT 2-2 50,000 
The Dow Chemical (co; «4 Ludington, M 300,000 
Di... y ee Midland, MI 15,000 
Martin Marietta Chemicals Manistee, M ũ 350,000 
Morton Chemical Co... «„ „„ EAS. ino. c nr cU cC 5,000 
| — co Lewes, DE_______________ 5,000 
Baste TE S E N Port St. Joe, Fil... 100,000 
The Dow Chemical D445 jo dubia ens 75,000 
Merck & Co. Ine... eee South San Francisco, C 15,000 
Refractories & Minerals Cord G 150,000 
Ted eraa Se LL ei ee hes 1,375,000 


CONSUMPTION AND USES 


Most of the domestic magnesium com- 
pound production was used in the manufac- 
ture of refractory products such as refracto- 
ry brick. Magnesia and magnesia-based 
bricks were used primarily by the iron and 
steel industry for furnace linings. Demand 
for refractory magnesia fel] moderately dur- 
ing the past 3 years; however, total ship- 
ments of refractory magnesia decreased 
rapidly and in 1985 were lees than 64% of 
those of 1982. Consequently, domestic de- 
mand was met, in part, by an increase in 
imports over the past 3 years. 

Total shipments of caustic-calcined and 
specified magnesias decreased to about 70% 
of those of 1984. These compounds were 


used in diverse industries including agricul- 


ture, chemical processing, and construction. 
Animal feed, accounting for 86% of the 
total shipments of caustic-calcined magne- 
sia, was the largest consuming industry in 
1985. Representing 31% of the total domes- 
tic shipments of caustic-calcined magnesia 
were, in declining order, the sectors of 
ceramics, petroleum additives, stack-gas 
scrubbing, and rayon. The following uses, in 
declining order, accounted for the remain- 
ing 33% of the total shipments: rubber, 
refractories, chemical, oxychloride and oxy- 
sulfate cements, electrical heating rods, in- 
sulation and wallboard, water treatment, 
sugar and candy, medicine and pharmaceu- 
ticals, fertilizer, foundry, uranium process- 
ing, and pulp and paper. 
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Table 3.—U.S. magnesium compounds shipped and used 
1984 1985 

ti Value Quantity Value 

(short (thou- (short (thou- 

tons) sands) tons) sands) 
Dine csi Wal — and technical) magnesias |... 141,634 "$42,257 99,517 $33,772 
ium (1 D EE a a a 356,985 41,400 263,712 68,975 
— mtr ey pe * N 49,776 13,214 55,863 14,813 
Precipitated magnesium carbonat 5,194 875 8,746 702 
SOM K :: A ori Eq N 374,280 87,945 290,271 81,149 


"Revised. 
!Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 


PRICES 


Yearend prices for magnesium com- 
pounds, published in the Chemical Market- 
ing Reporter, did not change from those 
published at yearend 1984. Prices for mag- 
nesium compounds at yearend 1985 were as 
follows: magnesia, natural, technical, 
heavy, 85% and 90% (f.o.b. Nevada), $232 
and $265 per short ton, respectively; magne- 


sium chloride, hydrous, 9996, flake, $290 per 
ton; magnesium carbonate, light, technical 
(freight equalized), $0.73 to $0.83 per pound; 
magnesium hydroxide, National Formulary 
(NF), powder (freight equalized), $0.78 per 
pound; and magnesium sulfate, technical, 
$0.115 per pound. 


FOREIGN TRADE 


Exports of crude and processed magnesite 
decreased slightly in quantity from those of 
1984. Canada remained the primary desti- 
nation, but its share of the U.S. export 


market for magnesium compounds declined 
dramatically from 76% in 1984 to 58% in 
1985. 


Table 4.—U.S. exports of magnesite and magnesia, by country 


9 Magnesite, n. e. c., including crude 
ca or ground 
Country 1984 1985 1984 1985 
Quantity Value Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
Argentina 5S — cs we 562 $180 54 
5 Kan E Ce E 135 186 469 850 
Belgium- Luxembourg we - m E 444 448 414 810 
| Wed Fe e * x: 42 97 58 165 
Omelia e iim 14,439 $3,213 16,391 $3,704 28,115 8,032 8,277 8,191 
Colombia 1.208 147 1,511 21 129 155 72 101 
` ` ens ax im eg ai 220 174 5,761 1,800 
Federal 
— = nae d == 544 423 447 851 
ipsas dois Uum Sis Fe Ss ge 1,132 789 973 505 
CCC oe Si ENN d. 815 849 137 124 
Korea, Republic of Sr - ge How 325 233 249 182 
— ae p" 6 1 1,047 398 804 545 
Netherlands e Ka e ^ 663 7507 557 472 
New Zealand * M 172 82 88 1191 80 45 
Saudi Arabia 327 2,872 525 ae SS A PE 
. DW — * TM 221 235 107 68 
Sweden 809 83 FAS e 197 145 210 188 
pool; EE 22 3 38 5 3 121 172 104 
United Kingdom eos eg Geh SS 133 180 125 193 
Venezuela |. Mas Gë 3,306 893 2,265 999 2,444 895 
DEF eee 1470 "t9 509 108 461 244 147 226 
TUlll usa exem 17,215 8,641 24,805 5,529 32,053 14,026 21,567 9,778 
"Revised. 
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Total imports of crude and processed 
magnesite were at their highest level in 
more than 30 years, increasing more than 
15% over those of 1984. For caustic-calcined 
magnesia, Canada remained the im- 
port source, accounting for about 62% of 
the total quantity. Four countries, China, 
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Greece, Ireland, and the United Kingdom, 
accounted for about 74% of the total quanti- 
ty of U.S. imports of dead-burned magnesia. 
In addition, other magnesium compounds 
valued at more than $10 million were im- 
ported. 


Table 5.—U.S. import duties for magnesium compounds 


Item TSUS Most favored nation (MFN) Noo-MFN 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Crude magnesite ..- --------- 62261 65 cents per ton Free 1 
3 622.64 22. 10 per ton e ue 1.00 per ton. 
5 pN (containing not 681.01 0.17 cent per 16 cent per 0.75 cent per 
over 
Refractory magnesia (containing 0% ES od valori cx advalorem .. 80% ad valorem. 
over 496 lime 
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T1574 157 5,871 aus 
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"1,448 1,026 48381 TUS 
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13,984 3,569 129 6.822 
8,199 2.550 15,049 9.964 
6,345 1,661 6,684 1772 
7.209 1,806 4,947 347 
552 278 122 601 
3,837 424 3,345 
1,255 1704 717 

129,784 128.715 168,550 29.767 
3.789 916 2,981 788 
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Table 7.—U.S. imports for consumption of magnesium compounds 


Oxide or Magnesium Magnesium Magnesium MAU Magn an 
calcined carbonate! chloride chloride (paom salis and compounds, 
magnesia (precipitated) (anhydrous) (other) and kieserite) n.s.p.f.? 
Year — DG GE 
Value QU Value Quan value Quan- value Qu Value Quar- Value 
tity tit tity tity tity tity 
(short E (hort (thoi ` when Chou j (short (Chor — (short Macon (short (thou. 2 
tons) tons to tons tons) tons) 
1989 6.725 855 185 $235 15 $11 1,761 $282 99,405 539 1,2988 $1,858 
1984 __ 6,121 4,918 284 395 63 17 2,987 347 34255 2,621 2,443 1,788 
1985 __ 4,891 5,638 241 851 125 21 2,915 368 25,691 1,902 2,822 1,806 


‘In addition, magnesium carbonate, not precipitated, was imported as follows, in short tons and thousand dollars: 


1983—12 ($28), 1984—33 ($63); and 1985—110 ($125). 


*Includes magnesium eilicofluoride or fluosilicate and calcined magnesia. 


Source: Bureau of the Census. 


WORLD REVIEW 


Australia.—Queensland Metal Corp. NL 
reportedly discovered a large shallow 
magnesite deposit in central Queensland 
estimated to contain over 500 million tons 
of material, with a mean grade of 44.2% 
magnesium oxide. A prefeasibility study 
was conducted by Fluor Australia Pty. Ltd. 
to assess geology, magnesite processing, 
magnesium metal production, mining, and 
marketing. Because this is a shallow depos- 
it, it was expected that low-cost surface 
mining methods may be suitable for ore 
recovery. Construction of a 110,000-ton-per- 
year dead-burned magnesia plant was ex- 
pected to begin in late 1986 or early 1987.* 

China.—A West German firm, Krupp 
Polysius AG, and an Austrian company, 
Refractories Consulting and Engineering 
GmbH, were expected to begin construction 
of a magnesite sintering plant in May 1986. 
The plant, with an annual capacity of 
55,000 tons, was to be constructed in Liao- 
ning Province for the Liaoning Magnesite 
Co.’s Haicheng Mine. Plant completion was 
scheduled for 1988. 

Egypt.—The Egyptian Salt and Minerals 
Co. planned to construct a plant to recover 
mineral salts from Lake Quarun in Fayoum 
Province. The plant, scheduled to be com- 
pleted in 1988 at a cost of $80 million, will 
have an annual capacity of 45,000 tons of 
magnesium oxide and also was expected to 
produce sodium chloride, sodium sulfate, 
and sodium sulfide. 

Greece.—Grecian Magnesite Ltd. S.A. 
planned to invest $20 million to improve the 
efficiency of its magnesite operations. The 
investment reportedly included expanding 
the company’s annual capacity for dead- 
burned and caustic-calcined magnesites 


from 220,000 to 300,000 tons. Improvement 
of transportation and storage facilities and 
development of new products also were 
scheduled as part of the company’s modern- 
ization plan. 

Mining Trading and Manufacturing Ltd. 
also announced that it will modernize its 
plants and increase production capacity. 
The company, which produced both raw and 
caustic-calcined magnesites, intended to re- 
place equipment and increase annual pro- 
duction from 65,000 to 75,000 tons.* 

Japan.—In April 1985, Asahi Glass Co. 
began commercial production of high-purity 
magnesium oxide and magnesium hydrox- 
ide from seawater. The company reportedly 
constructed a plant to produce 3,000 tons 
per year of 99.1% magnesium hydroxide 
and 2,000 tons per year of 99.6% magne- 
sium oxide. High-purity magnesium hy- 
droxide is used primarily as a flame retard- 
ant filler material, and high-purity magne- 
sium oxide has applications as a resin filler 
for use in electronics, in ceramics, and as an 
optical glass material.* 

Pakistan.—A joint venture between the 
Pakistan Industrial Development Corp. and 
the Al-Ghurair business house of the United 
Arab Emirates to construct a magnesia 
refractories plant was planned. Magnesite 
from the Hazara division of Pakistan was 
expected to provide the raw material for the 
17,000-ton-per-year plant. 

Spain.—A review of the magnesite and 
dolomite producers was published. Caustic- 
calcined and dead-burned magnesites were 
produced by three companies. Magnesitas 
Navarras S.A. had an annual capacity of 
65,000 tons of caustic-calcined magnesite 
and 70,000 tons of dead-burned magnesite at 
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its plant in Zubiri. Magnesitas de Rubián 
S.A. produced caustic-calcined magnesite 
for the agricultural market at its 75,000-ton- 
per-year plant in Monte Castelo. The third 
producer, Magnesitas Espafiolas S.A. mined 
a small quantity of crude magnesite at its 
operation in Puerto de la Cruz Verde. Spain 
was a net exporter of magnesite, although 
special grades of magnesia, such as seawa- 
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ter magnesia for magnesia-carbon bricks 
and fused magnesite, were imported.* 

Yugoslavia.—A 27,000-ton-per-year mag- 
nesium oxide sintering plant reportedly be- 
gan full-scale production in late January 
at Kraljevo, Serbia. The plant, owned by 
Magnohrom, refined low-grade ore into 99% 
magnesium oxide. 


Table 8.—Magnesite: World production, by country! 


(Short tons) 
Country 1981 1982 1983 1984” 1985° 
— APA.... une e qr caius dip sitos 29,151 32,707 24,261 r *28,000 28, 
J ³³˙˙ n ⁵ ae RE TUE 1,277,414 1,136,927 1,108,668 1,304,484 1,312,000 
OL aC A AERO — eae te ee n 314,055 248,607 254,634 259,043 259,000 
Dna" ͤ % — 8 76,000 75,000 74,000 76,000 75,000 
Chit a A A S onde 2,200,000 2,200,000 2,200,000 2,200,000 2,200,000 
„ ‚ SOE SPR ver pum ZUM 1,800 l, 1,800 1,800 1,800 
Laeli Lua e asus ao os im ati ds de n o pmo ap eru 132,000 740,752 729,729 728,000 739,000 
52 ee ee Mei do op i pue eee 71,060,072 71,066,051 981,618 1,173,111 1,200,000 
"Wee, E E ˙ PEU 499,798 448,718 478,482 456,388 463,000 
"tal Et a OR E Be pe a 4,400 5,500 5,500 5,500 5,500 
BOGOR. 203 A nip Ee pt p "11 NA 843,098 830,000 
QUEM LU PS E DEE EE E apo poa 2,095,000 2,095,000 2,095,000 2,095,000 2,095,000 
TTT Ee ⁰ AAA 18,357 24,798 25,559 33,537 33,000 
ENT EET ADE EE 22,000 22,000 16,552 16,097 16,500 
. 340 (5) = t = "8 
PP ee EE 1,710 71,276 2,202 4,105 5,300 
Q0 99» par o ³ ¹mwÜ ˙ aM 12,436 118.739 17,747 *18,000 18,000 
South Africa, Republic of- - 62,343 35,193 24,868 86,441 
We, EE ³ W K 525,132 588,187 658,230 762,294 717,000 
—::: A ¾˙ A ae S ae "864,167 71,013,653 792,698 797,261 800,000 
pU OU E à MT OS Mn S SE ee eS eee 2,290,000 2,370,000 2,400,000 2,400,000 2,400,000 
C Lu ENEE Ww W Ww 
TOM WEE 8 330,336 362,060 335,064 359,353 $459,663 
r uem a Roe dead e n eo rs n 66,352 186,866 26,534 23,856 22,000 
jii eres eee sae See 712,477,874 "12,553,829 — 12,258,152 — 18,121,968 13,208,068 


"Figures re rem c Per GEES 
es eso reported quantitatively, and available 
of output levels. Table incl data available 


Series reflects output of 


ite. In addition to the countries listed, 


Bulgaria magnesite, but 
May 6. 1988 is inadequate rasan ven of reliable 


uction of crude ore was as follows, in short tons: 1981—681,228; 
estimated). 


marketable concentrates. Prod 
W E 1984—5651 7000 (estimated); 1985— 551,000 ( 
and brucite. Figures are estimated on the basis of reported tonnage dollar value. 


Ter betinaing Mar. 21 of that stated. 
"Revised to sero. 
*Reported figure. 


TECHNOLOGY 


A description of Veitecher Magnesit- 
werke AG’s underground magnesite mine 
in Brietenau, Austria, was included in a 
review of the Austrian mining industry. A 
room-and-pillar system was used for mining 
the ore, and then the ore was crushed and 
sintered in a rotary kiln or shaft kiln before 
being sold. Average annual production for 
this mine was estimated to be about 500,000 
tons.* 

Mining methods and processing of olivine 
at A/S Olivin's operation at Aaheim, Nor- 


way, were reviewed. Olivin reportedly sup- 
plied almost one-half of the world's 5- 
million-ton olivine demand." 

An overview of the fused minerals indus- 
try was published, including a discussion of 
the production, consumption, and uses of 
fused magnesia. Fused magnesia was used 
primarily in electrical insulation and re- 
fractory applications. Magnesia-alumina 
spinel material (MgaAl-O.) for refractory 
applications was produced by fusing high- 
purity magnesia and Bayer alumina.* 
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‘Physical scientist, Division of Nonferrous Metals. 
"Industrial Minerals 


Minerals (London). QMC Pushes on With 
Kunwarara Magnesite. No. 221, Feb. 1986, pp. 8-9 
— No. J. Hellenic Industrial Minerals. Ind. Miner. 


— 5 Opens the Door 
to 
8 . Met. Bull. Mon. (London), No. 180, 
Dec. 1985, pp. 78-79. 


5Griffithe, J. Spain's Industrial Minerals. Ind. Miner. 
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Manganese 


By Thomas S. Jones! 


World production of manganese ore in- 
creased to possibly the highest level since 
the peak year of 1980. Ore production rose 
in several market economy countries, with 
Gabon reaching a record high output. U.S. 
production consisted only of some manga- 
niferous material for brick coloring. There 
were no U.S. imports of ore from the Repub- 
lic of South Africa for the first time since 
shortly before World War II. 

Prices of manganese materials were gen- 
erally static, as supply capabilities contin- 
ued to exceed demand. Price changes were 
insignificant both for the increase in price 
of metallurgical ore on international mar- 
kets and the decrease in price of ferroman- 
ganese imported into the United States. 

Further evolution of the manganese po- 
tential of the Carajás region of Brazil was 
marked by the beginning of exports of 
metallurgical ore. Projects were also under 
way there for production of manganese 
ferroalloys, metal, and chemicals in plants 
to be fed with Carajás ore. 


U.S. consumption of ferromanganese 
decreased by about the same moderate ex- 
tent as the decline in domestic raw steel 
production. The rate of manganese con- 
sumption in steelmaking also decreased 
slightly. The U.S. Government extended 
through 1986 its contract for upgrading ore 
in the National Defense Stockpile into high- 
carbon ferromanganese. This program con- 
tinued aid to a domestic industry that still 
consisted of only two firms in 1985. Statis- 
tics on world production of manganese fer- 
roalloys are presented in the ''Ferroalloys" 
chapter. 

Domestic Data Coverage.—Domestic pro- 
duction data for manganese are developed 
by the Bureau of Mines from three sepa- 
rate, voluntary surveys of U.S. operations. 
Typical of these surveys is the "Manganese 
and Manganiferous Ores" survey. Of the 
four operations to which a survey request 
was sent, all responded, representing 100% 
of the total production shown in table 3. 


Table 1.—Salient manganese statistics 


(Thousand short tons) 
1981 1982 1983 1984 1985 
United States: 
ese ore (35% or more Mn): 
ports for consumption 639 238 368 338 387 
mption -------------------—- 1,077 609 531 1615 545 
iferous ore (5% to 35% Mn): 
> uction (shipm^nts) ___ ------------ 175 32 34 88 20 
Productioõe·e nn 193 119 86 W W 
donis c E Le, Mp 88 15 1 8 7 1 
Imports for consumption 671 493 342 409 367 
ptit ist aaa ð v 8 821 4 446 4 466 
World: Production of manganese ore 25,967 726,101 24,190 926.027 *26,922 


*Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 
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Legislation and Government Pro- 
grams.—Continuing the program of up- 
grading stockpiled metallurgical manga- 
nese ore into high-carbon ferromanganese, 
the General Services Administration (GSA) 
in August extended through December 31, 
1986, its stockpile upgrading contract with 
Elkem Metals Co. Under the extension, 
58,600 tons* of ore was to be converted into 
ferromanganese at an estimated cost of 
$15.3 million. GSA suspended sales of excess 
materials from the stockpile on October 1 to 
comply with a statutory restriction prohib- 
iting such sales when the balance in the 
National Defense Stockpile Transaction 
Fund exceeds $250 million. Natural battery 
and metallurgical manganese ore were 
among the excess stockpile materials for 
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carbon ferromanganese was just an invento- 
ry adjustment. 


Sales Change 
Material Stock. New ond in- 
stock- veatory 

pile pile (short 

grade grade tons) 

Natural battery ore 4,000 i iz -&311 
ical ore ae: -18,977 
Metallurgical ore WS — 166,431 

edium-carbon 

gane SPA za 4.191 


Table 2.—U.S. Government stockpile goals and yearend inventories for manganese 
materials in 1985 


(Short tons) 


Physical inventory, Dec. 31 
Uncommitted 


Material pis ES Grand 
Stockpile — Nonstock- pending total? 
pac i pile grade Total pment 
Natural battery organ 62,000 171,593 33,561 205,154 6,648 211.502 
manganese dioxide _ _ 25,000 8,011 zm 3,011 —— 3,011 
99h DR MEET 170,000 171,717 89 171,806 1,732 1 

Metallu 99 AA 2,700,000 9,408 942,679 067 168,061 3,390,148 
— p XN 
Sil F WW 23,514 ec 23,574 SS 23,514 
EIS DEA SKS 14,172 geg 14,172 sores 14,172 


‘Data may not add totals shown because of independent rounding. 


On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, 
manganese would be categorized in tier II, 
and the goal would be about 870,000 tons of 
manganese metal equivalent. At yearend, 
this proposal was under consideration by 
the Congress. The Department of Defense 
Authorization Act, 1986 (Public Law 99- 
145), signed by the President on November 
8, 1985, stated that no action may be taken 
before October 1, 1986, to implement or 


administer any reduction in a stockpile goal 
in effect on October 1, 1984. 

The Environmental Protection Agency 
(EPA) determined in August that the then- 
present ambient air concentrations of man- 
ganese did not pose a significant risk to 
public health; therefore, regulation directed 
specifically at manganese was unnecessary 
at that time under the Clean Air Act. This 
determination was without effect on exist- 
ing regulation of particulate matter and did 
not preclude State and/or local air pollution 
control agencies from specifically regula- 
ting manganese emission sources.* EPA also 
issued a compilation of information on the 
ways in which manganese may be emitted 
into the atmosphere from various industrial 
sources and the potential for manganese 
release from each source.* 

The U.S. Congressional Office of Technol- 
ogy Assessment (OTA) ranked manganese 
within a first group of strategic materials 
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for the United States, along with chromi- 
um, cobalt, and the platinum-group metals. 
OTA concluded that the best prospect for 
reducing U.S. manganese import vulnera- 
bility was through improved steel produc- 
tion technology that would lower the 
amount of manganese required per ton of 
steel. OTA also concluded that the potential 
for reducing uncertainty about supply from 
the Republic of South Africa was good 
because of the existence of several alterna- 
tive suppliers.* 
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Under the Trade and Development Pro- 
gram of its International Development Co- 
operation Agency, the U.S. Department of 
State conducted a symposium at which 
possibilities were suggested for joint Bra- 
zilian-U.S. ventures in manganese. Two po- 
tential ferromanganese operations were 
identified, one in the Carajás region of 
north-central Brazil and the other near 
Corumba in southwestern Brazil near its 
borders with Bolivia and Paraguay. 


DOMESTIC PRODUCTION 


Ore and Concentrate.—No manganese 
ore, concentrate, or nodules containing 35% 
or more manganese or ferruginous manga- 
nese ores or concentrates containing from 
10% to 35% manganese were produced or 
Shipped in the United States. The only 
mineral production of material containing 
5% or more manganese was that mined in 
Cherokee County, SC, by brick manufactur- 


ers or contractors for use in coloring brick. 
This material consisted of manganiferous 
schist, clay, or other earthy material asso- 
ciated with the manganiferous member of 
the Battleground Schist of the Kings Moun- 
tain area. The manganese content ranged 
from 5% to 15% and averaged less than 
10%. 


SS 3.—Manganiferous ore shipped! in the United States, by type and State 
(Short tons unless otherwise specified) 


Type and State 


Ferruginous manganese ore (10% to 35% Mn, natural): 
Minnesota 
Manganiferous iron ore (5% to 10% Mn, natural): 
South Carolina? 


1984 1985 


Man- roi Man- 
weight content weight content 
es 68,019 8,754 E 2 
ENE 20,404 1,799 19,882 1,882 
NEN 88,423 10,553 19,882 1,882 
8 $860, W XX 


wW Withheld to avoid disclosing company proprietary data. XX Not applicable. 
‘Shipments are used as the measure of manganiferous ore production for compiling U.S. mineral production elu: 


llaneous ore. 


; 


Ferroalloys and Metal.—Production con- 
tinued to be generally slack. Operations 
were curtailed late in the summer at the 
Marietta, OH, plant of Elkem Metals by a 
labor dispute that lasted nearly 1 month. 
The Kingwood, WV, facility of Chemetals 
Inc. was disabled by a flood on November 4 
= was out of production for the rest of the 


Tonne structure was changed for 
both manganese ferroalloys producers. EL 
kem Metals became a wholly owned subeid- 
iary of Elkem A/S of Norway in the first 
half of the year. Elkem acquired the 10% 
share in Elkem Metals held by the Jebsen 
Group of Norway in March, and then in 
May acquired the remaining outstanding 


23% share in Elkem Metals held by a group 
of four Norwegian companies. Details of 
organizational changes within the Belgian 
parent of Chemetals are given under Bel- 
gium" in the "World Review” section of this 
chapter. 

SKW Alloys Inc. announced it will contin- 
ue to market manganese ferroalloys in the 
United States but will produce only a limit- 
ed amount of silicomanganese. SKW Alloys 
had been producing ferromanganese: and 
silicomanganese at Calvert City, KY, until 
production workers there began a strike in 
September 1983 that lasted throughout 
1985. The company said that after the strike 
ended it would produce silicomanganese 
again, but only until manganese ore on 
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hand or committed for was consumed. 
Production quantities tabulated for man- 
ganese ferroalloys are net production for 
shipment outside the producing ferroalloy 
facility, and do not include that portion of 
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gross production recycled to the furnaces, 
used as an intermediate in producing 
medium- or low-carbon ferromanganese, or 
lost in the plant. 


Table 4.—Domestic producers of manganese products in 1985 


Com Plant location of 
SS Fehn  SiMn Mn ` Math INO proce 
Chemetals Inc: 
Chemicals Div Baltimore, MW x "e A ess X Chemical. 
Metals Div Kingwood, W X e EN s Fused-sait electrolytic. 
Elkem Metals Co Marietta, OM X X X TuS Electric furnace and 
electrolytic. 
Foote Mineral Co ret. Johnsonville, J a= Z X Electrolytic. 
Kerr-McGee Chemical Corp Hamilton, M8. od E X — Do. 
F Henderson, NV _ E EVE A x Do. 
RAYOVAC Corp: ESB Covington, IN re alas RE X Do. 
Materials Co. 
Union Carbide Cord Marietta, OH ..... = 8 ys X Do. 


_‘FeMn, ferromanganese; SiMn, silicomanganese; Mn, electrolytic manganese metal; MnOs, synthetic manganese 


Table 5.—Ferromanganese and silicomanganese 
States and manganese ore consum 


uced and shipped in the United 
in their manufacture 


(Thousand short tons, gross weight, unless otherwise specified) 


Ferromanganese 
Production Silicomanganese Monganese SCH 
Per ton of 
dd G : ERE Total and 
ross content : e ; ganese 
weight (average Shipments Production Shipments quantity silicoman- 
percent ganese 
made 
„ EE 193 80 188 173 178 143 20 
1982... “ [3 119 82 98 69 83 412 22 
193. 86 81 109 W 63 283 W 
Ek, 88 W 82 W W W w W 
1985... RE W 81 W wW W Ww Ww 


W Withheld to avoid disclosing company proprietary 


IContaining 35% or more manganese (natural), Feiere ore used in producing manganese metal. 


CONSUMPTION, USES, AND STOCKS 


Ironmaking and Steelmaking.—The av- 
erage rate at which manganese was con- 
sumed as manganese ore in making pig iron 
or equivalent hot metal decreased to 0.9 
pound per ton of raw steel. This rate was 
calculated from an estimated consumption 
of 90,000 tons of manganese ore containing 
more than 35% manganese, all of foreign 
origin, in iron blast furnaces and production 
of 88.3 million tons of raw steel ingots, 
continuous- or pressure-cast blooms, billets, 
slabs, etc. Data were not available for the 
quantity of domestic manganiferous iron 
ore containing 5% to 10% manganese also 
consumed in iron blast furnaces. The quan- 
tity of manganese ore containing 35% or 


more manganese used directly in steel- 
making was reportedly negligible. 

Unit manganese consumption in steel- 
making as ferroalloys and metal decreased 
slightly to approximately the 1983 level. For 
reported consumption in the production of 
89.1 million tons of raw steel and steel 
castings in 1985, the pounds of manganese 
consumed per ton of raw steel was 7.7 as 
ferromanganese, 1.5 as silicomanganese, 
and 0.1 as metal, for a total of 9.3. In 1984, 
the corresponding unit consumption in pro- 
duction of 93.5 million tons of raw steel and 
steel castings totaled 9.5, of which ferro- 
manganese accounted for 7.9; silicoman- 
ganese, 1.4; and metal, 0.2. 
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Table 6.—U.S. consumption and industry stocks of manganese ore,' by use 


(Short tons) 
U Consumption Stocks, Dec. 31 
zx 1984 1985 1964 1985 
eee alloys and meta Ww W 257,698 262,664 
Pig iron and tee!!! „„ 116,953 90,000 96,679 978,940 
Dry cells, chemicals, miscellaneous wW w 227,890 247,008 
Total us te ear a y ea eee ™615,311 545, 000 582,267 588,612 


*Estimated. ` "Revised. W Withheld to avoid disclosing company proprietary data; included in Total. 


1Containing 35% or more manganese (natural). 


Natural ore, including that consumed in making synthetic manganese dioxide. 


Table 7.—U.S. consumption, by end use, and industry stocks of manganese ferroalloys 


and metal in 1985 
(Short tons, gross weight) 
Ferromanganese 
- Medium Silico- Man- 
use i manga- ganese 
and low Total metal 
P uL. nese 

Steel: 
JJ E E AAEE EE 290,105 67,125 830 16,943 2,908 
Stainless and heat-resisting. - - ----------------- 12,483 (4) 12,483 8,228 1,543 
Full alloy- - - ³⁰ / 26,000 8,379 84,379 18,653 908 
High low-alloy_ ..... 8 26,765 7,441 84,206 5,642 626 
Egeter (!) (!) (1) (4) (4) 
TOOLS eu a oe ³ K ⁵ĩð Ske 275 (1) 215 (1) 101 
Unspecified .....-.2 „ 156 536 692 61 
Total steel -. - Le 855,784 84,081 439,865 99,526 6,142 
laur MORS et FE a ? 15,345 973 16,818 2,583 W 
Alfoye (e .ͤ Dp ate aa 130 W 130 w 196 
(excluding alloy steels and superalloys) ~- -------- 946 W 946 W 17.680 
and unspecified |... ~~. __ 7,989 294 8,283 2,669 531 
Total consumptioiu hn 380,194 85,348 465,542 104,778 24,505 
manganese content?__________________ 297,000 68,000 365,000 69,000 24, 500 
Stocks, Dec. ga llilllũ!lllLLLLLLLL cll 22r 82,829 17,035 99,864 14,207 5.271 


ei Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified” where 


Wee to avoid disclosing company proprietary data; included with "Steel: Unspecified.” 
y based on data of the Aluminum Association Inc.; not directly comparable with data prior to 1984. 
*Estimated based on typical percent manganese content (rounded). 


Battery and Miscellaneous Industries.— 
Duracell Inc., RAYOVAC Corp., and Union 
Carbide Corp. all announced significant per- 
formance improvements in their alkaline 
batteries that use synthetic manganese 
dioxide. Such batteries captured a larger 
share of both civilian and military battery 
markets from carbon-zinc dry cells. Syn- 
thetic dioxide also was blended with natural 
ore in carbon-zinc cells and used in special- 
ized chemical applications. Foote Mineral 
Co. became the fifth domestic producer of 
synthetic dioxide by starting commercial 
production of electrolytic manganese diox- 
ide (EMD) at its plant in New Johnsonville, 
TN, in November. Output at the design 
capacity rate of 10,200 tons per year was 
achieved in December. This culminated a 
$16.9 million program in which part of a 


plant that had produced electrolytic manga- 
nese metal from 1968 to 1988 was converted 
into a computerized EMD facility equipped 
with titanium anodes. 

Union Carbide sold the welding and cut- 
ting systems business of its Linde Div. to 
L-Tec Co., a new limited partnership affili- 
ated with Integrated Resources Inc. of 
New York City. Property at Niagara Falls, 
NY, where manganese-containing welding 
fluxes are manufactured was included in 
the sale. 

In June, a year-old strike by production 
workers ended at Carus Chemical Co., La- 
Salle, IL, a producer of potassium perman- 
ganate. 

N. K. Industries Inc., a new company in 
Phenix City, AL, began grinding manganese 
ore for applications in the brick industry. 
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` PRICES ` 


Manganese Ore.—Prices depend primari- 
ly on manganese content but. are also 
influenced by several other factors. These 
include other chemical constituents, physi- 
cal character, quantity, delivery terms, 
ocean freight rates, insurance, inclusion or 
exclusion of duties if applicable, buyers’ 
needs, and availability of ores having the 
specifications desired. Trade journal quota- 
tions reflect the editors’ evaluation of the 
market. 


The price of metallurgical ore increased, 


by only a nominal amount. Negotiations 
between consumers in Japan and in West- 
ern Europe were again drawn out and 
extended late into the summer. Japanese 
consumers ended up agreeing to prices av- 
eraging less than 1% higher overall for a 
contract volume about the same as that of 
1984. The price averaged over the year for 
delivery to West European ports was barely 
1% greater than that of 1984. The average 
price, c.i.f. U.S. porte, for metallurgical ore 
containing 48% manganese was $1.48 per 
long ton unit, compared with $1.42 in 1984; 
per metric ton unit, these prices were $1.41 
and $1.40, respectively. These prices convert 
to 6.4 and 6.3 cents per pound of manganese 
in ore, respectively. 

Manganese Ferroalloys.—A published 


list. price for domestically produced high- 


carbon ferromanganese with a minimum 
manganese content of 718% was not avail- 
able. The price of comparable imported 
high-carbon ferromanganese averaged leas 
than 1% lower than that of 1984. For most 
of 1986, the quoted. price was the same as 
that at yearend 1984, $325 to $335 per long 
ton of alloy, f.o.b. Pittsburgh or Chicago 
warehouse, although a peak of $335 to $345 
had been reached early in February. À final 
price of $320 to $330. applied as of late 
October. The price of imported silicoman- 
ganese containing 2% carbon generally de- 
clined throughout 1985 to average 10% lees 
than that of 1984. For this material, the 
price per pound of alloy, f.o.b. warehouse, 
started 1985 at 18 to 20 cents and ended the 
year at 15.5 to 16.5 cents. For the same 
grade of domestically preduced silicoman- 
ganese, the only price published was 23.5 
cents per pound of alloy, f.o.b. producer, a 
price unchanged from that set in July 1984. 

Manganese Metal.—Electrolytic metal 
from domestic suppliers was quoted 
throughout 1985 at 80 cents per pound for 
bulk shipments, Lob, shipping point. This 
price had been reached late in November 
1984. 


FOREIGN TRADE , 


Reported ore exports were presumed to be 
mostly metallurgical ore obtained from ex- 
cess Government stocks except for about 
13,000 tons of reexports shipped to Canada. 
About 4,000 tons of ore shipped to Mexico 
plus about two-thirds of that shipped to 
destinations other than Mexico and Canada 
apparently was imported manganese diox- 
ide ore possibly ground, blended, or other- 
wise classified in the United States. Report- 
ed reexports of ore, all apparently metal: 


lurgical grade, totaled 20,587 tons, destina. 


tions of which included 15,568 tons to Mexi- 
co and 4,962 tons to Canada. Exports of 
ferromanganese and silicomanganese re- 
mained insignificant compared with im- 
ports of these ferroalloys. Exports of manga- 
nese metal increased about one-fourth over 
those of 1984. 

Gabon and Brazil were the leading 
sources of ore imports, each with about one- 
third of the total. No receipts were reported 
from the Republic of South Africa for the 
first time since 1938. Average grade of 
imported ore remained nearly the same at 
48.8%. The quantity of manganese import- 
ed as ore and dioxide was approximately 


50% of that imported as ferroalloys and 
metal. Imports of manganiferous ore con- 
sisted of only 15 tons from Mexico having 
an average manganese content of 30%. 
Imports of ferromanganese decreased 
about one-tenth overall from those of 1984, 
and the average manganese content of all 
ferro ese im declined from 


78.6% to 78.2%. Record high imports of 


silicomanganese were about one-fifth great- 


er than in 1983-84, with those from the 
"Republic of South Africa triple the 1984 


quantity from that country. Imports of 
unwrought manganese metal receded from 
the 1984 record high to about the 1978-81 
import level. 

Reported imports for consumption of spie- 
geleisen were 270 tons, composed of 188 tons 
from the Federal Republic of Germany 
having relatively high unit value and 82 
tons from Canada. 

Imports of manganese dioxide increased 
5% over those of 1984 to another record 
high, although the value of dioxide imports 
decreased slightly as overall average unit 
value declined. All but 83 tons were appar- 
ently synthetic dioxide for battery or chemi- 
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ic Republic, 191 tons. 

Turiffa. Under section 201(b) of the 
Trade Act of 1974, the International Trade 
Commission 


the petitioner and sole domestic producer of 
potassium permanganate, was thereby pre- 
cluded from possible import relief under 
section 208 of the Trade Act of 1974. 


Table 8.-—U.8. exports of manganese ore, ferroalloys, and metal, by country 


(Grem weight) 
1984 1985 
Country ti Val 
C 
Ore end concentrates containing 5% er mere manganese: 
(TT TEE 54,850 $4,225 23,971 $1,530 
Frane Geen Ee 108,664 6,300 SEN E. 
Italy EE 88,181 2212 M aes 
Merio ͤũ dd as ß ec ee 26,987 1,708 $0,020 2,379 
Other Pe ete ͤ K ͤ y esos 8,915 1,201 2,043 377 
TUS os ots ee te a eee 231,606 15,043 56,040 4,286 
Ferromanganess: 
Cr es ⁰ ůi ] AA LL 5,498 745 165 4,158 
Meed 27 Win 6288 241 
Trinidad and Tobago ssd 879 355 E aie 
NGG oi Se ee ee 8 110 55 474 363 
J717·; l 6,764 14.397 6,927 4,762 
Silicomenganese: 
Canada ⁰·¹·¹wwẽͥ ¹⅛˙i˙⅛ꝗeꝛ IS — 5d 18 we 
Mea er 2,749 1,687 21 41 
Trinidad end Tobago l „„ 845 881 873 
QUE ³·Aſſ IS uUES RI C SERES ud "34 "15 22 32 
Total o ele ee eee c iud qud. 15.833 2,287 8,089 1,359 
Metal including alloys end waste and serap: 

MEE c c c LLL e Leal ct 1,015 1,460 932 1,904 
SES m 2 „ B & 
EEN 1,583 2,035 1.873 2,322 
Netherlands A LLL LL Ll L22 ls 884 493 888 1,215 
Beosdi. EEN 182 256 8 18 
% So dux uade tes e mE IEEE "648 71.145 632 1,054 

TUB WEEN 4,082 15.915 5,162 1,242 


"Revised. 
1Data do not add to total shown because of independent rounding. 
Source: Bureau of the Consus, adjusted by the Bureau of Mines. 
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Table 9.—U.S. imports for consumption of manganese ore, ferroalloys, metal, and 


dioxide, by country 
1984 — 1985 
: Man- 
Coun Gross ganese Value GTO, ` ganeee Value 
try (short eontent ` (thou- ER content (thou- 
tons) (short tons) eicht ` sands) 
ORE AND CONCENTRATES 
85% d 
Pierle 39,090 — 21006 $2,670 82948 — 48104 $4490 
Brattle ⁰ ᷑ñ EE 8,185 26 69,816 5,423 
EEN 1 66,135 6,898 8,240 
Mezico 2-2 uec -M 40.881 11 2 ae one 121,761 kel 
South Africa, Ropublle ß 36,179 17.288 1,178 id Des Ss 
Total... 888,094 166,028 16,024 386,859 188,840 22,561 
Of which, more than 85% but less than 47% 
Mexico __ 88,028 14,897 1,975 48,898 16,842 2422 
FERROMANGANESE 
All 
ustralia mall Was 6,987 n 1,406 11,183 8,729 ug 
Arte ru E 9,425 7.286 24 11,533 ast . Mi 
JJ o³»A ( TOROS 445 833271 117708 — 91905 — 38196 
Germany, Federal Republicof JW... 19,794 11.650 10,168 8,167 AM 
CORON iucundum 8 2,756 1,885 192 ., £13 
TEE 89,124 90,876 12715 38071 90401 12548 
Norway EE 89 12,092 2512 2626 
Portugal „„ „„ „„ũœöUöo 17, 18,476 8,237 5,842 4488 1,268 
South Africa, Republic 0 188,708 104, 497 84,509 127,501 00,131 24,18 
Jö ⁵ðVTſd0u NOE a ee ted 4.972 2,587 2,249 1,09 ` "4 
(OTT TEE 4,519 8,427 1,120 2,921 2226 &— . "$8 
CVT 409,810 321,689 117,678 366,874 286/44 104.889 
Ofw 1% or less carbon: id - m 
um-Luxembourg ~- ---------- Sá z Lx 
Canada 17 12 2 40 5 
Franoe DEE 8 892 790 1,012 ben 2,118 acr 
Norway_____________________ 8,268 2,872 2,758 2.895 2,512 2616 
Total. he 5,020 4,481 4,554 6,575 4871 5,098 
More than 1% to 4% or less carbon: 
Canada__________________._- 17 12 2 171 124 32 
j e 655 2,189 ms e "S 
8 Federal Republic oo 22798 19,794 n 6,204 4,268 2,310 
uten es ee 12,727 1 20,592 16,652 8,667 
South Africa, Republic a 627 813 2214 1,781 906 
JJC TT 4,976 2,208 1,858 948 
„ os ee eS 538,508 48,419 26,674 80,883 24,689 12,923 
SILICOMANGANESE 
Australia Lo o E aei Eds 14,181 9 096 14,7 4420 
Brasil Eerst ⁊ . $ 1 Rt 14,190 20.318 13471 6,204 
Canada Sa ee ek Ke oe oe eee 988 682 802 $15 
France Mec DEO 418 210 258 " m SE, 
Italy EEN Ee Ms 551 840 852 
/ AAA 8 15447 10,311 5,002 9, 6,358 2,855 
Norway... oe ae ee obese Wis 11 7, 5,187 18,635 8,948 5,075 
Portugal ... eh SE ee mm imeem 498 141 2, 1,642 ul 
Romanik 9,004 6, $,011 ue x M 
South Africa, Republic oaaͥiͥ ---------—- 15,694 7,188 71,186 48,133 21,865 
Spain oo ——— Sos 1,266 1766 1,476 968 916 
Sweden `. -~-n m RW KS 1 1 
United Kingdom ........---.---------- lr w —— : 41 KE — 
nited Kingdom `... xe M ius 
Yugoslavia |... LLL LLL LLL LL 22S LLL 14,465 9,459 4711 27,356 17,827 8,545 
Tota _-________________ 188,494 91,889 44,140 166,528 108,719 51,423 
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Table 9.—U.S. imports for consumption of manganese ore, ferroalloys, metal, and 
dioxide, by country —Continued 


1984 1985 
Man- Man 
Country 5 ganese Value e ganese Value 
(short content (thou- (short content (thou- 
tonai tshort sands) tons) (short sands) 
tons) tons) 
METAL 
Unwrought: 
South Africa, Republic ohhh 13,295 XX $12,951 8,402 XX $ 8,890 
Ee Ec DP 19 XX 27 164 XX 162 
Total- a i Gs ee 13,314 XX 12,978 8,566 XX 9,052 
Waste and scrap: Japan... n EM XX ud 4 XX 
DIOXIDE 
Belgium-Luxembourg ------------------- 453 XX 381 439 XX 401 
Bran EE 788 XX 908 505 XX 612 
EE S 2,600 XX 8,112 2,386 XX 2,625 
ireland Men 218 XX 302 933 XX 1,190 
Japán ͥͥͥ e recte eme cal pe 19,884 XX 25,165 19,429 XX 23,805 
South Africa, Republic off 74 XX 17 1, XX 1,490 
E lO re he eas LI lo ae "480 XX 1431 90 XX 31 
„ 24.498 XX 30,378 25,671 XX 30,154 
"Revised. XX Not applicable. 
‘Includes Bureau of Mines conversion of part of reported data (from apparent MnOs content to Mn content). 
*Data may not add to totals shown because of independent rounding. 
3Country of transshipment rather than original source. 
Source: Bureau of the Census, adjusted by the Bureau of Mines. 
Table 10.—U.S. import duties on manganese materials 
Item TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Ore and concentrate 601.27 Free ...-------- RN 1 a per pound 
n. 
Ferromanganese 
carborrnn 606.26 2.4% ad valorem! `. — 2.3% ad valorem. . 22% ad valorem. 
Medium-carbon ........- 606.28 1.4% ad valorem! `. — 1.4% ad valorem. _ 6.5% ad valorem. 
High- carbon 606.30 1.5% ad valorem? ___ 1.5% ad valorem. . 10.5% ad valorem. 
Silicomanganese - __ __ _ __ __ 606.44 4.4% ad valorem! ___ 3.9% ad valorem. . 23% ad valorem. 
Metal. `- ² ˙ AA 632.30 14% ad valorem .. __ 14% ad valorem? _ 20% ad valorem. 


Free from certain countries under Generalized System of Preferences, not including Brazil for silicomanganese. 


3As of Sept. 1, 1985, free for products of Israel. 
25.6% ad valorem for products of Israel. 


WORLD REVIEW 


Australia.—Manganese ore production 
increased 9% to the highest level since 
1980, according to preliminary data of the 
Australian Bureau of Mineral Resources. 
Shipments by Groote Eylandt Mining Co. 
Pty. Ltd. declined, however, to about 
1,540,000 tons for exports and to about 
350,000 tons for domestic shipments, for a 
total of about 1,900,000 tons. This was more 
than 8% below the 1984 total.* 

Belgium.— Production facilities for man- 
ganese chemicals and ferroalloys were in- 
cluded when Société Générale de Belgique 
SA consolidated its main chemical subsid- 


iaries into Gechem in the final months of 
the year. In the restructuring, Société Eu- 
ropéenne des Dérivés du Manganése SA 
(Sedema) was absorbed from Société Carbo- 
chimique SA (Carbochim) into Société 
d'Applications de la Chimie de l'Electricité 
et des Métaux SA (Sadacem). Principal 
ownership of Sadacem was divided between 
Carbochim, 65%, and Gechem, 26%. Ge- 
chem owned 99% of Carbochim. A Gechem 
business sector was formed that included 
the Sadacem chemical plant at Tertre and 
Chemetals in the United States, both of 
which had been owned by Sedema, and the 
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manganese ferroalloy plant of Belgische 
Vennootschap voor Mangaanproduktie SA 
(Belgomang) at Langerbrugge. Ownership 
of Belgomang was shared equally between 
Sadacem and a state-owned company. 

Earlier in the year, the chemical plant at 
Tertre had raised its production capacities 
for manganese sulfate solution and manga- 
nese sulfate monohydrate (MnSO,*H,O) 
powder to 79,400 and 16,500 tons per year, 
respectively, both expressed as MnSO.*H,O 
equivalent. 

Brazil.—Overall shipments of manganese 
ore from the Serra do Navio, Amapá Terri- 
tory, operations of Indústria e Comércio de 
Minérios S.A. rose slightly to 1,013,000 tons, 
al] via Porto de Santana on the Amazon 
River. Exports increased to 815,000 tons. 
Destinations were Europe, 520,000 tons; 
North America, 162,000 tons; Asia, 87,000 
tons; and South America, 45,000 tons. Ship- 
ments in coastal vessels to Brazilian con- 
sumers declined to 198,000 tons.’ 

Inauguration of the railroad from the 
Carajás mineral province to ocean shipping 
facilities at Sáo Luis at the end of February 
marked another advance in development of 
the Igarapé Azul deposit. Ore production 
from this deposit by Cia. Vale do Rio Doce 
rose to about 228,000 tons, of which 211,000 
tons was metallurgical grade and 17,000 
tons was battery grade. Metallurgical ore 
exports were 60,000 tons, beginning with a 
shipment of 11,000 tons to the United King- 
dom in July. This ore was medium grade 
and typically analyzed about 45% manga- 
nese and unusually high alumina, about 
10%. 

Upgrading of Carajás ore into manganese 
ferroalloys was the objective of plants 
announced by two Brazilian ferroalloy pro- 
ducers, Cia. Paulista de Ferro-Ligas and 
Prometal Produtos Metalürgicos S.A. Each 
company planned for a plant rated at a 
ferromanganese-silicomanganese output of 
about 40,000 tons per year, to be located in 
the region and to begin producing in the 
1986-88 period. Technical feasibility of pro- 
ducing both standard ferromanganese and 
silicomanganese beginning with feed mate- 
rial from the Azul deposit and using char- 
coal as a reductant was demonstrated in pi- 
lot plant experiments.* 

Production of manganese ferroalloys in- 
creased to another record high total of 
about 350,000 tons, according to prelimi- 
nary data. 

Production of manganese materials other 
than ferroalloys from Carajás ore was 
preindicated by formation of Metalman S.A. 
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within the Metalur Group. Initial objective 
of Metalman was to construct a plant capa- 
ble of producing 5,000 tons per year of 
electrolytic manganese metal in the Rosário 
region of Maranhão State. Production was 
scheduled to begin by mid-1987, with the 
possibility of expanding within a few years 
to a capacity of 20,000 tons per year of 
metal, 12,000 tons per year of electrolytic 
manganese dioxide, and 1,000 tons per year 
of potassium permanganate, all largely for 
export. 

Canada.—In the first half of the year, 
Elkem Metals Canada Inc. came under 
full ownership by Elkem of Norway upon 
Elkem’s acquisition of the 10% share for- 
merly held by the Jebsen Group, also of 
Norway. The assets of Elkem Metals Cana- 
da included a manganese ferroalloy plant at 
Beauharnois in the Province of Quebec. 

European Economic Community.—The 
problem of surplus capacity for high-carbon 
ferromanganese was still not resolved. At 
midyear, the Commission of the European 
Community issued General Objectives 
Steel 1990,” a working document that pro- 
jected declines in manganese consumption 
in ironmaking and steelmaking. Use of 
manganese ore in iron blast furnaces was 
foreseen to end in the near future. Rate of 
use of high-carbon ferromanganese in steel- 
making was forecast to decrease, a trend 
expected to adversely affect Community 
producers of this ferroalloy. 

France.—Blast furnace production of 
high-carbon ferromanganese plus a small 
amount of spiegeleisen was virtually 
unchanged at 366,000 tons, according to 
preliminary data. 

Société du Ferromanganése de Paris- 
Outreau (SFPO) continued with plasma- 
assist in commercial blast furnace produc- 
tion of high-carbon ferromanganese. The 
practice was begun in the latter part of 1984 
by attaching a plasma torch to each of three 
of the nine tuyeres on one of the blast 
furnaces at SFPO's Boulogne plant. The 
torches were operated at a power level of up 
to 1.5 megawatts to superheat the blast. 
Because of seasonal fluctuation in electric 
power prices, SFPO tended to emphasize 
plasma usage during the warmer months 
when revenue from sales of the plant's 
surplus electricity was the least.* 

Early in the year, Société Francaise 
d'Électrométallurgie (Sofrem), a subeidiary 
of Pechiney and a manufacturer of “Gimel 
metal" and refined ferromanganese, was 
renamed Pechiney Électrométallurgie. 


MANGANESE 


Gabon.—Production of manganese ore at 
the Moanda Mine of Compagnie Miniére de 
l'Ogooué S.A. (Comilog) increased about 
10% to surpass slightly that in the former 
record high year of 1979. Shipments by 
Comilog also advanced to about 2,450,000 
tons. 

Ghana.— Exports of manganese ore pro- 
duced at the Nsuta Mine of Ghana National 
Manganese Corp. rose somewhat to 291,000 
tons. Shipments through the Port of Tako- 
radi were reported as having gone to eight 
European countries, Japan, and the United 
States. o Shipments in 1985 were approxi- 
mately double those in the recent low-point 
year of 1982, having increased every year 
since. 

Greece.—Production of battery ore from 
the Plavista Mine was to be expanded 
severalfold by C. Christoforidis Mining S.A., 
its new owner, from a 1985 production level 
of about 10,000 tons. Grade of the battery 
ore concentrate was about 72% manganese 
dioxide. Plans were also made to produce a 
manganese carbonate ore containing about 
32% manganese.'' The mine is situated on 
the eastern Khalkidhiki Peninsula near 
Neochorio. 

Japan.—Ore production dropped by near- 
ly two-thirds following closure in late 1984 
of two mines in Hokkaido Prefecture. These 
were the Ooe and Inakunaishi Mines of 
Hokushin Mining Co. Ltd. that had been 
producing carbonate ore. Chugai Mining Co. 
Ltd. operator of the Jokoku Mine, thus 
became the largest domestic ore producer. 

Production of manganese ferroalloys 
decreased about 8%, dropping to 487,000 
tons for ferromanganese and to 239,000 tons 
for silicomanganese. Exports of both materi- 
als remained comparatively small, approx- 
imately 29,000 tons for ferromanganese and 
190 tons for silicomanganese. Imports de- 
clined again for ferromanganese, to about 
6,500 tons, whereas those of silicoman- 
ganese rose to about 134,000 tons. At mid- 
year, Mizushima Gokintetsu began produc- 
tion of high-carbon ferromanganese in a 
shaft furnace sited within a steelmaking 
complex of parent company Kawasaki Steel 
Corp. Demand for manganese ferroalloys 
continued to decrease owing to steelmakers' 
hot metal pretreatment practices, especial- 
ly at Nippon Steel Corp.” 

The trend of successive increases to new 
record high totals continued for synthetic 
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manganese dioxide, with production up 
slightly to 54,000 tons and exports up by 
one-fifth to 48,400 tons. Both Chuo Denki 
Kogyo Co., a manganese ferroalloy produc- 
er, and Toho Zinc Co. Ltd. announced plans 
to move into production of chemical manga- 
nese dioxide and possibly other manganese 
chemicals. Production of electrolytic man- 
ganese metal rose to 5,100 tons. 

Norway.—Elkem increased to 100% its 
ownership of both Elkem Metals Canada 
and Elkem Metals in the United States, 
thereby completing the takeover begun in 
1983 of the bulk ferroalloy business in 
North America formerly held by Union 
Carbide. 

South Africa, Republic of.—Ore produc- 
tion was relatively steady through the year, 
well below capacity at a level attained as of 
mid-1984. Compared with 1984, production 
overall and production of metallurgical ore 
increased about one-fifth, whereas produc- 
tion of chemical ore decreased about one- 
fifth. Production of the various categories of 
ore was as follows: 


antity 

(thousand 

short tons) 

METALLURGICAL ORE 
80% to 40% WW). 1,589 
Over 40% to 45% Mn ____________ 923 
Over 45% to 48% Mn ...... 235 
Over 48% nn 1,047 
OCD EE 13.795 
CHEMICAL ORE 

35% MnO and les 42 
Over 35% to 65% MnOsg___________ 131 
Over 65% to 75% MnOg___________ 1 
Total eis 8 174 


Data do not add to total shown because of independent 
rounding. 


At its midyear annual meeting, South 
African Manganese Amcor Ltd. shortened 
its name to SAMANCOR Ltd. Earlier in the 
year, SAMANCOR had combined separate 
divisions for manganese ore and manganese 
ferroalloys into a single unit. SAMANCOR 
produced manganese ore from its Hotazel, 
Mamatwan, and Wessels Mines. 

The Associated Manganese Mines of 
South Africa Ltd. shipped about 1,240,000 
tons of manganese ore, a 6% decrease from 
shipments of about 1,320,000 tons in 1984.» 
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MANGANESE 


Effective August 1, the world’s two larg- 
est producers of electrolytic manganese 
metal, Electrolytic Metal Corp. (Pty.) Ltd. 
(Emcor) and Delta Manganese (Pty.) Ltd. 
(Deltamang), were merged into a single 
firm, Manganese Metal Co. (Pty.) Ltd. 
(MMC). MMC’s metal capacity of about 
48,000 tons per year, all in Transvaal Prov- 
ince, consisted of the former Emcor plant at 
Krugersdorp and the former Deltamang 
plant at Nelspruit, the newer and larger of 
the two with a capacity about 160% that of 
the Krugersdorp plant.'* At the time of the 
merger, Emcor was controlled by General 
Mining Union Corp. Ltd., and Deltamang 
was controlled by Delta S.A. (Pty) Ltd. 
Division of ownership of MMC was Emcor, 
51%, and Delta S.A., 49%. Delta EMD (Pty.) 
Ltd., formerly a subsidiary of Deltamang 
and the country's only producer of electro- 
lytic manganese dioxide, was not merged 
into MMC but remained a subsidiary of 
Delta S.A. 

U.S.S.R.—Mine production declined 
slightly, and the percentage decline was 
apparently somewhat greater for the Chia- 
tura Basin in Georgia than for the Nikopol' 
Basin in the Ukraine. Various methods of 
beneficiating high-clay, low-grade ores of 
the Nikopol’ and Chiatura Basins contain- 
ing about 20% manganese were being devel- 


681 


oped. High-gradient magnetic separation 
(HGMS) was being tested for Chiatura ores. 
Application of chemical benefication to 
Nikopol’ ores showed that high-grade con- 
centrates low in phosphorus could be pro- 
duced by a dithionate process. In 1984, the 
overall average grade of concentrates had 
fallen to a little under 30%. 

Kazakhstan’s contribution to Soviet man- 
ganese mine production remained insignif- 
icant but was being increased. In 1984, 
the open pit Ushkatyn-1 Mine in central 
Kazakhstan was brought into operation, 
adding its capac.ty of nearly 1 million tons 
of crude ore per year to output from the 
Dzhezdy manganese mine and the Karazhal 
iron-manganese deposit. 

The quantity of ore exported in 1984, 
1,192,000 tons, was virtually the same as 
that in 1983. Principal destinations, ac- 
counting for over 90% of the total, were, in 
tons, Poland, 605,000; Czechoslovakia, 
331,000; Bulgaria, 82,000; and the German 
Democratic Republic, 75,000. 

United Kingdom.—Sale of about one- 
fourth of a Government stockpile of strate- 
gic materials in the second half of the year 
included about 26,000 tons of high-carbon 
ferromanganese, 29,000 tons of manganese 
ore fines, and 1,400 tons of battery ore. 


TECHNOLOGY 


In a report on deposits of strategic and 
critical minerals in Nevada, the Bureau of 
Mines listed data on five deposits that have 
a potential for commercial production of 
manganese: Boulder City, Fannie Ryan, 
Gibellini, Three Kids, and Virgin River. 
Except for Gibellini, all of these deposits are 
in the southeast corner of Nevada east of 
Las Vegas. Three Kids is a past producer; 
the other deposits are inactive and have 
been explored only. 

The Bureau summarized its research on 
analysis and characterization of ocean man- 
ganese nodules and potential rejects from 
nodule processing. This research, funded by 
the National Oceanic and Atmospheric Ad- 
ministration, gave a positive indication that 
commercial recovery of cobalt, copper, man- 
ganese, and nickel from manganese nodules 
would be environmentally acceptable.” 
Tailings and slags characterized by the 
Bureau were generated by processing nod- 
ules in the laboratory according to five 
proposed first-generation processes. Pacific 
manganese nodules from the Clarion-Clip- 


perton fracture zone served as feed material 
for these tests.“ 

Hypothetical mining of nodules from this 
portion of the northeast equatorial Pacific 
Ocean and subsequent metal recovery were 
subjected to cost sensitivity analysis by 
the Bureau. It was concluded that, for 
the foreseeable future, significant financial 
incentives would be required to make nod- 
ule mining and processing economically 
attractive. 

Tables of thermodynamic data on elemen- 
tal manganese and various manganese bo- 
rides, carbides, carbonates, chlorides, fluo- 
rides, nitrides, oxides, phosphides, sele- 
nides, silicates, silicides, sulfides, and tel- 
lurides were included in a Bureau compila- 
tion of thermodynamic data.” 

HGMS was investigated as a method for 
utilizing the manganese resource of the 
Cuyuna iron ore range in central Minneso- 
ta. Tests were conducted on samples of the 
major types of manganiferous ore found in 
the north range district of the Cuyuna 
Range. Fine grinding, such as to 85% minus 
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500 mesh, enhanced liberation of manga- 
nese minerals. Hematite ore responded best 
to HGMS, yielding a product with 21% 
manganese and 3296 iron at a manganese 
recovery of about 80% from an ore feed 
with 13% manganese and 29% iron. 

Expansion of India's manganese resource 
base by pan sintering ore fines was evaluat- 
ed. This method of agglomeration was con- 
sidered for fines of high-grade manganese 
ore and beneficiated low-grade manganese 
ore. Laboratory-scale through semicom- 
mercial-scale tests were conducted, as well 
as smelting trials in a commercial ferro- 
manganese furnace. These tests indicated 
pan sintering was suitable for the limited 
quantities of manganese fines produced dur- 
ing processing of a variety of Indian ores.™ 

Modification of a conventional composi- 
tion of Hadfield steel resulted in an as-cast 
steel that was successfully field tested in 
France for use in rail frogs, and led to 
similar applications elsewhere in Europe 
and Africa. A manganese-molybdenum steel 
was derived from the Hadfield steel compo- 
sition with about 13% manganese by lower- 
ing carbon content from 1.2% to about 0.8% 
and adding 1.0% to 1.8% molybdenum. The 
modified composition eliminated the need 
for heat treatment that is required during 
both installation and repair of conventional 
steel frogs. 

The possibility that the residual limits 
for manganese in aluminum casting alloys 
could be raised in the future was discussed 
in light of the growing significance of re- 
cycling manganese-bearing used beverage 
cans. Further investigation is needed, but a 
review of the effects of manganese in alumi- 
num alloys for casting was encouraging. In 
a number of instances, addition of man- 
ganese has been found to improve alloy 
properties. 

Discovery that rapid solidification of 
aluminum-manganese alloys can produce 
atomic arrangements that are neither crys- 
talline nor glassy has attracted considerable 
scientific interest. The first such nonperiod- 
ic or "quasicrystal" structure found has 
icosahedral symmetry. Further work has 
revealed existence of a decagonal phase 
that is structurally intermediate between 
icosahedral and fully crystalline symme- 
tries.“ These unusual structures have been 
produced in aluminum-manganese composi- 
tions having 10 to 22 atomic percent manga- 
nese. 

A review of nonmetallurgical manganese 
ore production and markets for such ore 
and manganese compounds pointed out the 
increasing number of sources of battery ore. 
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A conserative outlook for the synthetic 
manganese dioxide industry was advo- 
cated.” 


Physical scientist, Division of Ferrous Metals. 

3Unless otherwise stated, the unit of weight in this 
chapter is the short ton of 2,000 pounds. 
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Mercury 


By Linda C. Carrico! 


Domestic mercury mine production, re- 
ported by four mines in Nevada, decreased 
for the fifth consecutive year. Secondary 
production increased 5%, reflecting the re- 
sumption of secondary mercury sales by the 
General Services Administration (GSA). Im- 
ports for consumption decreased 25% from 
the high level of 1984, with Spain continu- 
ing to be the dominant supplier. Reported 
consumption was virtually the same as that 
of 1984, with the battery industry account- 
ing for more than 50% of total demand. A 
buildup of industry stocks, especially during 
the first half of the year, contributed to the 
decrease in the domestic dealers’ price dur- 
ing that period. As the domestic supply of 
mercury remained ample during 1985, the 


average dealers’ price declined for the 
fourth consecutive year. Owing to a world- 
wide oversupply, the London price plunged 
below the $300 per flask level in early 
January and never regained that level. 

Domestic Data Coverage.—Domestic da- 
ta for mercury are developed by the Bureau 
of Mines from three separate, voluntary 
surveys of U.S. operations. Typical of these 
surveys is Mercury, a survey of mercury 
consumption. Of the 362 firms to which 
this survey report was sent, 93% responded, 
representing an estimated 99.6% of the 
reported U.S. consumption shown in tables 
1 and 4. Consumption for the 26 nonrespon- 
dents was estimated using prior years’ con- 
sumption levels. 


Table 1.—Salient mercury statistics 


United States: 
Producing minesessss 
Minc p ehh. 886 flas 
hr... thousands. _ 
Secondary production: 
mans e. 8 flasks_ _ 
Government!!! do- 
Industry stocks, yearend? ~- ---------—- do- 
Shipments from the National Defense Stockpile? do- 
Imports for consumption. nn 8 
z sid ce eS a do 
Consumption ee RI E do 


Price: New York, average per flask ~- ------------ 
Employment, mine and mill, average 


World: 


Mine production flaska- 
Price: London, average per flak 


t met PPreliminary. Revised. 


NA Not available. 


1981 1982 1983 1984 1985 
3 3 3 3 4 
21,904 25,160 25,070 19,048 16,530 
$11,549 Ww W W W 
4.244 4.473 13,751 5,673 5,358 
7, Ger es E 585 
27,339 28,827 31,018 *21,255 21,985 
" 7.076 6,000 4,092 4,534 
12,408 8,916 12,786 25,327 18,890 
N NA NA NA NA 
59,244 48,943 49,138 754.669 53,483 
$413.89 $370.93 $322.44 $314.38 $310.96 
45 45 41 35 
F210,885 — "197,901 180,800 195,236 196.250 
$417.52 $376.96 $313.33 $306.40 $288.56 


W Withheld to avoid disclosing company proprietary 


Secondary mercury released from U.S. Department of Energy stocks. 


?Stocks at mines, consumers, and dealers. 
Primary mercury. 


Legislation and Government  Pro- 
grams.—Public Law 98-525 of 1984 authoriz- 
ed GSA to dispose of 5,000 flasks? of excess 
mercury and 500,000 pounds of excess mer- 
curic oxide from the National Defense 


Stockpile (NDS) during fiscal year 1985. 
GSA auctioned mercury on an “as-is” 
basis from the NDS on the third Tuesday of 
each month, offering 1,500 flasks per 
month. GSA sold 4,499 flasks and shipped 
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4,534 flasks during the year, leaving 159,189 
flasks in excess to the stockpile goal. In 
June, GSA sold its last authorized (Public 
Law 98-525) quantity of mercury from the 
NDS for fiscal year 1985. The stockpile goal 
remained at 10,500 flasks. 

GSA continued to auction 50,000 pounds 
of mercuric oxide on the first Wednesday of 
each month from the NDS on an “as-is” 
basis. The monthly auctions took place 
through September, when GSA terminated 
the mercuric oxide disposal program by 
selling the remaining excess quantity in the 
stockpile. GSA sold 350,875 pounds of mer- 
curic oxide and shipped 390,822 pounds, 
with 80 pounds remaining to be shipped at 
yearend. From the inception of the mercu- 
ric oxide disposal program in 1981 through 
1985, the following quantities were sold, in 
pounds: 1981—none; 1982—1,000; 1983— 
none; 1984—359,100; and 1985—350,875. 
The total quantity sold was 710,975 pounds. 

On October 15, after a lapse of 3 years, 
GSA resumed monthly auctions of surplus 
secondary mercury managed by the U.S. 
Department of Energy (DOE) in Oak Ridge, 
TN. On the third Tuesday of each month, 
GSA offered a maximum of 1,500 flasks on 
an “as-is” basis. GSA sold and shipped 585 
flasks, leaving 34,720 flasks available for 
disposal. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. Mercury was included in tier I of the 
proposal with no goal listed, pending Gov- 
ernment review. The Department of De- 
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fense Authorization Act, 1986 (Public Law 
99-145), signed by the President on Novem- 
ber 8, 1985, stated that no action may be 
taken before October 1, 1986, to implement 
or administer any reduction in a stockpile 
goal in effect on October 1, 1984. 

The Environmental Protection Agency 
(EPA) issued final regulations under the 
Clean Water Act for certain nonferrous 
metals manufacturing operations that limit 
the discharge of pollutants into navigable 
waters and into publicly owned treatment 
works by existing and new operations. This 
regulation provides effluent limitations ba- 
sed on best practicable and best available 
technology, new source performance stand- 
ards based on best demonstrated technolo- 
gy, and pretreatment standards for existing 
and new indirect discharges. The maximum 
effluent limitations for primary and second- 
ary mercury manufacturing facilities, based 
on a daily and monthly average, varied 
according to the type of operation and 
effluent source.* This regulation became 
effective November 4, 1985. 

Under section 304 of the Clean Water 
Act, EPA announced the availability of 
final ambient water quality criteria docu- 
ments for nine pollutants, of which mercury 
was included. These criteria reflect the 
latest scientific knowledge on the identi- 
fiable effects of pollutants on public health 
and welfare and aquatic life.* 

EPA continued its review of the national 
emission standards, under section 112 of 
the Clean Air Act, for mercury-cell chlor- 
alkali plants, sludge incineration and dry- 
ing plants, and mercury ore processing 
plants. 

On September 30, Public Law 96-510, the 
Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 
(Superfund), expired. Attempts to reauthor- 
ize the Superfund prompted legislative ac- 
tion, and at yearend, several bills were 
under consideration by Congress. 


DOMESTIC PRODUCTION 


Since 1982, Nevada has been the only 
mercury producing State. Total reported 
mine production in 1985, including byprod- 
uct mercury, was 16,530 flasks, with produc- 
ers operating at 47% of capacity. Produc- 
tion decreased as a result of increased 
imports over the past 2 years and sales of 
excess mercury and mercuric oxide from 
the NDS. 

Four mines were in operation during the 


year: the McDermitt, the Carlin, the Pin- 
son, and the Borealis. The McDermitt Mine, 
operated by Placer U.S. Inc., remained the 
principal domestic mercury producer. The 
Carlin Mine, operated by Carlin Gold Min- 
ing Co., the Pinson Mine, operated by Pin- 
son Mining Co., and the Borealis project, 
operated by Tenneco Minerals Co., produc- 
ed mercury as a byproduct from their gold 
mining operations. 


MERCURY 


Placer continued exploration work at its 
McDermitt Mine and at other prospects 
in the Western States. At yearend, the 
McDermitt Mine had about 6 years of prov- 
en reserves, based on an annual production 
rate of 15,000 flasks. 

Waste stripping at FMC Corp.’s Paradise 
Peak open pit mine near Gabbe, NV, was 
under way in late 1985. Construction of the 
mill and leach facility was about 85% com- 
pleted by yearend, with startup scheduled 
for June 1986. FMC's geologists predicted 
that the mine could yield between 800 and 
2,600 flasks of mercury per year as a by- 
product from gold mining. 


Table 2.—Mercury ore treated and 
mercury produced in the United States' 
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Table 3.—Production of secondary 
mercury in the United States 
(Flasks) 
Industrial GSA 
Year production releases Total 
11 4.244 7.000 11,244 
1988222 4.473 cas 4.478 
1983 ......- 13,751 EE 18,751 
1984 5,673 R 5,673 
1985 -.______ 585 5,948 
"Revised. 


The following five companies redistilled 
purchased primary and / or processed 
purchased scrap mercury: Adrow Chemical 
Co., Wanaque, NJ; Bethlehem Apparatus 
Co. Inc., Hellertown, PA; D. F. Goldsmith 
Chemical and Metal Corp., Evanston, IL; 
Mercury Refining Co. Inc., Albany, NY; and 


Ore Mercury produced Troy Chemical Corp., Newark, NJ. Total 

Year treated ^ Pounds secondary production from industry and 

(short ` Flasks perton government materials was equivalent to 

1196 of the reported mercury consumption. 

Jod] once 262, : 81 Major sources of secondary mercury were 

3 M. 2 d 65 amalgams, sludges, obsolete industrial and 

1984... --------- 216212 19014 67 control instruments, metal retrieved from 

1985.----------- l 68 chlorine and caustic soda plants, and mer- 

!Excludes mercury uced from old surface ore, Curic oxide from the NDS. 
dumps, and placers, as a byproduct. 
CONSUMPTION AND USES 


Consumption of mercury was reported by 
about 275 plants, of which more than one- 
half were east of the Mississippi River. 
Primary mercury accounted for 68% of the 
total reported consumption, followed by re- 
distilled mercury,* 22%, and secondary 
mercury, 10%. 

Domestic mercury consumption was vir- 
tually the same as that of 1984, with the 
battery industry continuing to be the domi- 
nant consumer, followed by industries pro- 
ducing chlorine and caustic soda, paints, 
wiring devices and switches, and measuring 
and control instruments. 

Mercury consumed by the chlorine and 
caustic soda manufacturing industry declin- 
ed because of the permanent closing of 
three mercury-cell chlor-alkali plants and 
the temporary closure of one plant. The 
following mercury-cell chlor-alkali plants 
closed during 1985: LCP Chemicals and 
Plastics Inc., Linden, NJ; Olin Corp., McIn- 
tosh, AL; and Monsanto Co., Sauget, IL. 
Throughout 1985, Occidental Chemical 


Corp.'s Niagara Falls, NY, plant remained 
temporarily closed. At yearend, 20 mercury- 
cell chlor-alkali plants were in operation. 

Cosan Chemical Corp. of Carlstadt, NJ, 
became a wholly owned subeidiary of 
CasChem Group Inc. Reportedly, Cosan is 
the largest domestic producer of aryl mer- 
cury chemicals and the only domestic pro- 
ducer of 100% phenyl mercuric acetate.’ 
These products are used as a mildewcide 
and a preservative in coatings and building 
products. 

Thor Chemicals Inc. in Norwalk, CT, 
established a warehouse facility for the 
storage and handling of several different 
mercury compounds produced at its plants 
in Natal, Republic of South Africa, and 
Margate, United Kingdom. The compounds 
include battery-grade mercurous and mer- 
curic chlorides, urethane and polymeriza- 
tion catalysts, and phenyl mercuric com- 
pounds. Thor announced plans to sell and 
distribute these compounds to consumers in 
the United States. 
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Table 4.—Mercury consumed in the United States, by use 
(Flasks) 

SIE Use 1981 1982 1983 1984 — 1985 

28 Chemical and allied products: 
2812 Chlorine and caustic soda manufacture... 1,223 6243 8,054 7.347 6,700 
2816 J eue E eciam Ww Ww W WwW W 
2819 Catalysts, miscellaneous... „ 815 499 484 359 491 
2821 Catalysts for plastics... ------------ Ww W Ww Ww W 
2819 Laboratory uss 328 281 280 "269 446 
2851 Paint EE 1,049 6,794 6,047 4,651 4,892 
2879 Agricultural chemicals... - - - ------------- 79 36 we == ne 
Other chemicals and allied products w wW W Ww w 

36 Electrical and electronic uses: 
364 Electric light in- 1,043 826 1.273 1.487 1.726 
3643 Wiring devices and witches 2,641 2,004 2316 2.790 2,843 
3692 r Ae E aed 29,441 26,380 23,350 ,700 29.782 
e Other electrical and electronic uus w w w w W 

Instruments and related products: 
382 ensuring and control instruments _ — . - - - _ - _- 567 2465 "2286 2,654 
3843 Dental equipment and supplies -.- - ---------- 1,613 1,019 1,501 1,432 1,960 
ac instruments and re products 253 194 wW W W 
„ 0 c UNDMInGI nini eee 884 1.356 1404 261 
vr TEE 50,244 — 48948 — 49.138 "54,669 — 53,483 
"Revised. W Withheld to avoid disclosing company proprietary data; inciuded ia “Total.” 
STOCKS 

mine | brokers 


The NDS, as of December 31, 1985, con- 
and 80 


flasks of secondary mercury in Oak Ridge, the year at 27,985 flasks. 
TN. Reported stocks of mercury held by 
Table 5.—Stocks of mercury in the 
United States, December 31 
(Flasks) 
Producer oa 
Year (mine) — and Tel 
dealer 
| —— 11789 155566 — 21,329 
1982. _--------- 13,508 15,229 
FCC 18,328 12696 31,018 
188470 19,964 12931 — 21255 
1885—— 19,298 8581 — 121985 
"Revised. 
PRICES 


According to Metals Week, the New York 
dealers' price for mercury was $320 to $325 
per flask at the beginning of the year. 
Thereafter, the price fell until June 7 when 
it increased to $303 to $310 per flask. On 
July 18, the price reached a yearly high of 
$323 to $328 per flask and remained at that 
level for 15 consecutive weeks owing pri- 
marily to a static domestic mercury market. 
The price then decreased steadily and by 


yearend reached a yearly low of $273 to 
$280 per flask. 
The London price of mercury (minimum 


level. The price reached a yearly low of $250 
to $260 per flask at yearend. 
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Table 6.—Average prices of mercury at 


New York and London 
(Per flask) 

Period New York London 
T 8413.89 $417.52 
CCP 370.93 376. 
aon, TE E A T S aos 322.44 313.33 
007 BRECH 314.38 306.40 
1985: 

i EECH 817.52 301.66 
1 314.00 300.12 

B aas sedia EEN 309.95 296.56 
o 59 292.88 
PPP 293.59 289.33 

. oe eS 310.00 291.75 
eR OES eS a 321.46 292.83 

BRUN uu ust 323.00 291.17 
September 323.00 288.63 
C 323.00 282.22 
November 313.37 275.72 

i D S 33 283.00 259.89 
1985 average 310.96 288.56 


GEET RE — EE 
Sources: Metals Week (New York) and Metal Bulletin 
(Londo 


n), 
LI 


FOREIGN TRADE 


Imports for consumption of mercury and 
mercury waste and scrap, which 
included imports for immediate consump- 
tion plus material wi hdrawn from bonded, 
warehouses, d 25% from the high 
level in 1984. ii continued for the third 
consecutive year to be the leading supplier. 
The average unit value of imports was. 


a A a 


$282.53 per flask, compared with $287.20 
per flask in 1984. 

The U.S, rate of duty on imported mer- 
cury and mercury- waste and scrap, 
TSUS 632.34, as of January 1, 1985, from 
countries with most-favored-nation status 
was 6.2 cents per pound.* A duty of 25 cents 
per pound applied to other countries. 


Table 7.—U.S. imports for consumption of mercury 
and mercury-bearing waste and scrap, by country 


1983 1984 1985 
Country : Value Val Value 
Flasks (thou- Flasks (thou- Flasks (thou 
. sands) sands) san 
Alii nn oai m vr ed ex «“ ö ds sri ac, 1,795 $560 8,201 $2,441 1,938 $580 
PPP! ec o Dc ose 19 14 33 5 26 
—— ˙ Ui ig ae 350 112 2,382 662 
— ⅛uu— eg Solas ac no ao >a i 14 8 wis P" 
Dominican Republik 100 eg Bé gë geg 
JJ See Sa v 120 54 T. eg 
Germany, Federal Republic of... * a |; 2" .20 ue Se 500 148 
BN nc ds cp ·ÜQ——rñ —“ 122 800 196 i —— 
T: ³˙ AAA ne ae, ee oe Pp 511 179 500 120 2,502 630 
A — Lu AAA i aa ES ee — vie 380 81 
Menieo e [ 1.590 426 21 9 214 88 
— ————— — — 1,601 359 1.556 392 sie ^ 
ricis AA 3,408 1,063 11,749 3,344 7,955 2,322 
JSC 1.333 ‘ 2, 564 3.012 842 
United Kingdom „„ 2,081 . 657 (!) 1 00 1 
LEE DE EE mri EE o o 12,786 3.813 25.327 7.274 218,890 5,331 


1Less than 1/2 unit. 


?Data do not add to total shown because of independent rounding. 


Source: lona. of the Census. 
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WORLD REVIEW 


World mine production was 54% of avail- 
able capacity. 

The Bureau of Mines investigated the 
availability of mercury from 22 deposits in 
market economy countries.* Of the deposits 
investigated, 15 had demonstrated re- 
sources of approximately 25 million metric 
tons of ore containing 5.3 million flasks of 
mercury and accounted for 8596 of the 
demonstrated resources for market econo- 


my countries. It was concluded that in order 
to meet anticipated future demand, addi- 
tional mercury production will be required 
to supplement those properties currently 
producing, at higher production costs. 

World mercury reserves were estimated 
by the Bureau of Mines at 4 million flasks, 
of which 85% is in market economy coun- 
tries. Spain had the largest share of world 
reserves, 65%.'* 


Table 8.—Mercury: World mine production, by country! 


(Flasks) 

Country 1981 1982 1983 1984? 1985* 
All e eux e UAE 25,000 11,000 *10,000 23,000 25,000 
Chini oo aed Ee 20,000 20,000 ,000 20,000 20,000 
Czech SEI 4,438 4,380 4,177 4,409 4,400 
Dominican Republik 17 49 *40 *30 20 
Finland «noo oe eem ie 1,949 72,068 1,857 2,292 2,300 
Gabes Federal Republic o... 2,205 1,537 2,005 (3) RES 
Usd d EEN 7,427 4,612 25 A — 
Mexico Eegen at EE ER 6.962 8.558 6,411 11,140 10,000 
Spain cu ce ag d 46,008 48,808 41,075 44,093 45,000 

OY a ere EE 75.915 17,129 4.665 5.274 6,000 
USSR? ec oe ME ce 63,000 64,000 64,000 64,000 ,000 
United States... „„ „ 27,904 25,760 25,070 19,048 316,530 
ie = a, *1,500 000 2,000 

. eee eee eee ER. 1210, 885 197,901 180,800 195,286 196.250 


*Estimated. Preliminary. "Revised. 

VTable includes data available through Apr. 22, 1986. 
Revised to zero. 

Reported figure. 


China.—Exploration work on the western 
end of Gongguan-Huilong mercury deposit 
was reportedly completed with work under 
way on the eastern end. Ore reserves at the 
deposit at Dianyang in Shaanxi Province 
was ranked the second largest in China.'! 

The Songhua River in Northeastern Chi- 
na reportedly has been plagued with mer- 
cury emissions from chemical and metallur- 
gical plants. The Government forced an 
immediate closure of all factories and pro- 
hibited all fishing in the area. It was esti- 
mated that 150 metric tons of toxic mercury 
could be present in the banks and body of 
the river. The Chinese Government in coop- 
eration with Swedish experts was investi- 
gating the extent of mercury contamination 
to the environment. 

Japan.—In October 1985, the Japanese 
Ministry of International Trade and Indus- 
try (MITI) announced that eight Japanese 
mercury-cell chlor-alkali producers have 
until June 30, 1986, to convert to the ion- 
exchange membrane-cell process in order to 
comply with its 1983 order. Analysts pre- 


dicted that the mercury-cell process in Ja- 
pan will disappear completely by mid- 
1986.1 

Several Japanese manufacturers of dry- 
cell batteries formed the Alkaline Dry Cell 
Technology Research Association in Sep- 
tember 1984 to study ways to reduce the 
amount of mercury used in dry-cell batter- 
ies without reducing their efficiency. The 
average mercury content in an alkaline- 
manganese dry-cell battery was 0.33 gram 
in 1983 and 0.24 gram in 1984. Research and 
development work was under way during 
1985 on a mercury-free alkaline-manganese 
battery cell. It was reported that a “new 
material” could appear in the near future to 
produce the mercury-free battery cell. 

Mexico.—Four mercury-cell chlor-alkali 
plants were in operation compared with five 
in 1984. The producers and locations of the 
active mercury-cell plants in 1985 were as 
follows: Guanos y Fertilizantes de México 
S.A., Salamanca; Pennwalt S.A. de C.V., 
Santa Clara; Celulosa y Derivados S.A. de 
C.V., Monterrey; and Industria Química del 


MERCURY 


Istmo 8.A., Pajaritos. The Guanos y Fertiliz- 
antes de México’s San Cristobal plant did 
not operate in 19 

Spain.—Three mines in the Almadén re- 
gion, operated by Minas de Almadén y 
Arrayanes S.A. (MAYASA), a mining com- 
pany owned by the Spanish Government, 
remained the only producers of mercury in 
Spain. The Almadén Mine, the oldest and 
richest mercury deposit in the world, is 
expected to be mined out by the end of the 
decade. The El Entredicho open pit mine, 
about 11 miles from Almadén, went into full 
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production in 1982 and since has produced 
70% to 80% of the company's output. Re- 
serves, reportedly some of the richest in the 
world, could last about 25 years at the 
present production rate. Development work 
continued at the Las Cuevas Mine, about 5 
miles from Almadén. During 1985, small 
amounts of low-grade waste material were 
processed. MAYASA estimated the life of 
this underground mine to be about 20 years 
and planned to mine it by the vertical 
crater retreat method. 


TECHNOLOGY 


A mercuric iodide crystal was grown in a 
microgravity environment aboard Spacelab 
3's shuttle flight in the spring of 1985. The 
purpose was to grow a near-perfect single 
crystal of mercuric iodide and to improve 
the understanding of crystal growth by a 
vapor process. Mercuric iodide crystals have 
practical use as sensitive X-ray and gamma- 
ray detectors and could be useful in port- 
able detector devices for monitoring nuclear 
powerplants, prospecting for natural re- 
sources, biomedical applications in diagno- 
sis and therapy, and in astronomical in- 
struments. In addition to their high- 
performance electronic properties, these 
crystals operate well at room temperature. 
Similar equipment was used on earth to 
grow an identical crystal under the same 
environmental conditions other than in mi- 
crogravity. A comparison of the space- and 

crystals was being made to 
determine if the microgravity environment 
was a crucial factor in the growth of a near- 
perfect single crystal. 


Mineral specialist, Division of Nonferrous Metals. 


Flask, as used througheut this chapter, refers to the 
1 nd flask. 


US. Va prag ial Defense Authorization 
Act, 1986. Public Law 99-145, Nov. 8, 1985, 99 Stat. 775. 
Federal A 


Fepuer Nos Metals Manufacturing 
Point Source Effluent Limitations Guidelines, 
Pretreatmen Ar era Source Performance 


Standarde V. 50, To Car AC pp. 38216-38402. 
ent V. 50. No tec: valli of Doce 

ments. V. 50, No. 14 - July 29, 1985, pp. 307 

*Redistilled pube is primary mercury further proc- 
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Mica 


By Lawrence L. Davis! 


In 1985, a total of 188,000 short tons of 
scrap and flake mica was reported produced 
in the United States, a 14% decrease from 
1984 production. 

Nearly all sheet mica supply continued to 
be imported. Consumption of muscovite mi- 
ca block decreased by 18% to 51,100 pounds. 
Consumption of mica splittings remained 
the same at 2.4 million pounds. The value of 
sheet mica exports increased 4% to $5.3 
million. Imports for consumption of sheet 
mica increased 14% to 2.7 million pounds. 

Domestic Data Coverage.—Domestic pro- 
duction and consumption data for mica are 
developed by the Bureau of Mines by means 
of three separate, voluntary surveys and 
one mandatory survey. Of the 63 canvassed 
operations to which 1 or more of the 4 


survey forms were submitted, 56 operations, 
or 89%, responded. Responses to the scrap 
and flake mica production form and the 
ground mica production form were 100%, 
representing 100% of the totals shown in 
table 1. Of the eight canvassed operations to 
which the mica block and film consumption 
form was sent, seven operations, or 88%, 
responded, representing 95% of the con- 
sumption shown in table 1. Of the 12 
canvassed operations to which the mica 
splittings consumption form was sent, 9 
operations, or 75%, responded, representing 
90% of the splittings consumption shown in 
table 1. Consumption for the nonrespond- 
ents was estimated using prior year produc- 
tion data. 


Table 1.—Salient mica statistics 


United States: 
Production (sold or used by producers). 
SAP and AKA misa 3 nd short tons. _ 
(///. neca we thousands. _ 
Ground mia thousand short tons. . 
Value- .-------------- thousands.  . 
Consumption: 
B muscovite thousand pounds. . 
Value uum 
Film mme thousand pounds 
lun ee thousands. _ 
Splittings `... 2... thousand pounds. - 
MAINS oc ]]1]1¹ ¹ 8 ousan 
EROR ˙ a thousand 5 = 
EE 8 o .-- 
World: Production thousand pounds. 


1981 1982 1983 1984 1985 
138 106 140 161 138 
$8,212 $6,398 $6,479 $1,139 $6,330 
117 96 130 146 136 
$17,440 $16,106 $18,702 $21,334 $21,256 
155 86 74 62 51 
$1,448 $1,325 $961 $842 $151 
W W W W W 
W W W W 
4,386 2,639 2,120 2,866 2,361 
$3,064 $2,032 $1,394 $1,679 $1,610 
12 12 11 9 10 
13 10 8 3 11 
"530,038 476,550 535,281 608.700 537.792 


*Estimated. Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. 


Legislation and Government Pro- 
grams.—On July 8, the President approved 
National Security Council (NSC) recommen- 
dations for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 


into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. The 
proposed goals for mica in tier I are 246,400 
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pounds for muscovite block, 18,700 pounds 
for muscovite film, 14,391,100 pounds for 
muscovite splittings, 85,000 pounds for 
phlogopite block, and 482,600 pounds for 
phlogopite splittings. Tier II would contain 
a supplemental reserve of material already 
possessed by the Government. The proposed 
goal for tier II is 200,000 pounds of musco- 
vite block. The Department of Defense Au- 
thorization Act, 1986 (Public Law 99-145), 
signed by the President on November 8, 
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1985, stated that no action may be taken 
before October 1, 1986, to implement or 
administer any reduction in a stockpile goal 
in effect on October 1, 1984. 

The Government inventory of stockpile- 
grade natural sheet mica was reduced by 
3% to 22.4 million pounds by yearend. The 
General Services Administration sold 800 
pounds of muscovite film, 753,000 pounds of 
muscovite splittings, and 50 pounds of 
phlogopite splittings. 


Table 2.—Stockpile goals and Government inventories for mica, December 31, 1985 


(Thousand pounds) 
Inventory 
: Non- Available 1985 
Material Goal Stockpile stock- for sales 
Sade pile 
Block: 
Muscovite, Stained and betterrrnrr 6,200 5,006 201 ex ae 
Phlogopite —— a oS vd te A ee 210 17 114 2 OR 
Film: Muscovite, Let and 2d qualities 90 1,178 1 1.082 1 
Splittings: 
Muscovite_ - - -----------------------— 12,630 14,652 EM WI 753 
Phlogopite ______._-________________-_- 930 1,519 = 2 È) 
‘Lees than 1/2 unit. 
DOMESTIC PRODUCTION 


Scrap and Flake Mica.—U.S. production 
of scrap (flake) mica* was 138,000 tons 
valued at $6.3 million. North Carolina re- 
mained the major producing State with 
58% of the total. The remainder was pro- 
duced in Connecticut, Georgia, New Mexico, 
Pennsylvania, South Carolina, South Dako- 
ta, and Texas. Most of the scrap (flake) mica 
was recovered from mica schist, high- 
quality sericite schist, and as a byproduct of 
kaolin, feldspar, and lithium beneficiation. 
The five leading producers were, in order of 
output, Lithium Corp. of America Inc., Gas- 
tonia, NC; The Feldspar Corp., Spruce Pine, 
NC; Mineral Industrial Commodities of 
America Inc. (M.LC.A), Santa Fe, NM; 
Kings Mountain Mica Co. Inc., Kings Moun- 
tain, NC; and Mineral Mining Corp., Ker- 
shaw, SC. These five companies produced 
61% of the national total. 

Ground Mica.—Production (sold or used) 
of ground mica, from scrap and flake mica, 
decreased 7% to 136,000 tons, valued at 
$21.3 million. Dry-ground mica, 91% of the 
total, decreased 8%. The decrease was at- 
tributed to decreased demand for mica used 
in well-drilling muds because of sharply 
reduced drilling for oil and gas. Wet-ground 
mica production remained the same. Thir- 
teen companies operated sixteen grinding 


plants; of these, 12 produced dry-ground and 
4 produced wet-ground mica. Leading 
ground mica producers were, in order of 
output, U.S.G. Corp., Chicago, IL; Harris 
Mining Co., Spruce Pine, NC; Pacer Corp., 
Custer, SD; M. I. C. A, Santa Fe, NM; and 
Kings Mountain Mica, Kings Mountain, 
NC. These five companies produced 73% of 
the national total. Alamo Mining Corp., 
Van Horn, TX, ceased operations during the 
year. 


Table 3.—Scrap and flake mica: sold or 
used by producers in the United States, 
by State 


(Thousand short tons and thousand dollars) 


State Quantity Value 
Ir ĩð K 133 8.212 
I 8 106 6,398 
KL _ 22-2-2222- 140 6.479 
C11 161 7,139 

985: 
North Carolina 80 3,726 
Other States 58 2.604 
Fell.. 138 6,330 


‘Includes finely divided mica recovered from mica schist 
and high-quality sericite schist, and mica that is a byprod- 
uct of feldspar, Kaolin: and lithium beneficiation. 

3Includes Connecticut, Georgia. New Mexico, Pennsy! 
vania, South Carolina, South Dakota, and Texas. 


MICA 


Production of low-quality sericite, primar- 
ily for use in brick manufacturing was 
41,000 tons valued at $158,000. Approxi- 
mately 41,000 tons of ground sericite val- 
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ued at $280,000 was sold or used. Low- 
quality sericite is excluded from tabulated 
data contained in this report. 


Table 4.—Ground mica sold or used ye rini in the United States, by method of 
1 


(Thousand short tons and thousand dollars) 


Y Dry-ground Wet-ground Total? 
ear 

Quantity Value Quantity Value Quantity Value 
/;õõ a a AA 107 13.439 11 4.001 117 17.440 
1982 a Re Re ee ae ee ve A ge en 85 11,604 11 4,502 96 16,106 
1983 o nom cnc E next dM AE d re: 118 3.907 12 4,195 180 18,702 
LTPES 133 16,269 13 5,065 146 1,334 
i|. at ee el IM INDE M p. 123 15,993 13 5,263 136 21,256 


1Domestic and some imported scrap. Low-quality sericite is not included. 
*Data may not add to totais shown because of independent rounding. 


CONSUMPTION AND USES 


Sheet Mica.—Consumption of muscovite 
block (ruby and nonruby) totaled 51,100 
pounds, a decrease of 18% from that of 1984. 
Of the total muscovite block fabricated, 
81% went into electronic uses; of this, the 
majority was used in vacuum tubes. Most of 
the decrease in consumption was in Stained 
quality, although it remained in greatest 

accounting for 77% of consump- 
tion. Consumption of grade No. 6 increased 
while consumption of other sizes decreased. 

Eight companies continued to consume 
muscovite block and film in eight plants in 
seven States; two in North Carolina and one 
each in Massachusetts, New Jersey, New 
York, Ohio, Pennsylvania, and Virginia. 
The New York, Pennsylvania, and Virginia 
companies consumed 7596 of the total. 

Phlogopite block fabrication decreased 
compared with that of 1984. The block was 
consumed by five companies in five States. 

Consumption of mica splittings remained 

at 2.4 million pounds. Muscovite splittings 
from India accounted for 99% of the con- 
sumption. The remainder was phlogopite 
splittings from Madagascar. The splittings 
were fabricated into various built-up mica 
products by 11 companies operating 11 
plants in 9 States. 


Built-up Mica.—The primary use of this 
mica-base product, made by mechanical or 
hand settings of overlapping splittings and 
alternate layers of binders and splittings, 
was as electrical insulation material. Total 
production, sold or used, of built-up mica 
decreased 4% from that of 1984. Segment 
plates and molding plates were the major 
end products, accounting for 31% and 28% 
of the total, respectively. Other end prod- 
ucts included flexible plates, heater plates, 
and tapes. 

Reconstituted Mica (Mica Paper).—Five 
companies consumed 4.9 million pounds of 
scrap mica to produce 3.3 million pounds of 
mica paper. The principal source of this 
scrap mica was India. Primary end uses for 
mica paper were the same as those for built- 
up mica. Manufacturing companies were 
Corona Films Inc., West Townsend, MA; 
General Electric Co., Schenectady, NY; 
Kirkwood Acim Corp., Hempstead, NY; 
WearEver-ProctorSilex, Mt. Airy, NC; and 
US Samica Corp., Rutland, VT. 

Ground Mica.—The major end uses were 
joint cement, 50%; paint, 15%; and well- 
drilling muds, 12%. Other end uses includ- 
ed plastics, roofing, and rubber. 
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Table 5.—Fabrication of muscovite block 
mica in the United States in 1985, by 


quality and end product use 
(Pounds) 
Elec- Nonelec- 
Quality tronic tronic Total! 
uses uses 
Good Stained or 
better. 1,100 8,500 4,600 
Stained ________ W W 39,500 
Lower than stained? Ww W 1,000 
Total 41,700 9,500 51,100 


W Withheld to avoid disclosing company proprietary 


data; included in “Total.” 
Data may not add to totals shown because of inde- 


pendent rounding. 
Includes punch mica. 
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Table 6.—Fabrication of muscovite block 
mica in the United States in 1985, by 


quality 
(Pounds) 
No.4and  No.5and 
Quality larger smaller! Total? 
Good Stained or 
EE 8,700 1,000 4,600 
ed 6.200 33,300 $9,500 
Lower than Stained_ 1,400 5,600 7,000 
Total 11,800 89,900 51,100 


Includes all smaller than No. 6 and punch mica. 
*Data may not add to totals shown because of inde- 
pendent rounding. 


Table 7.—Consumption and stocks of mica splittings in the United States, by source 
(Thousand pounds and thousand dollars) 


India Madagascar Tota!’ 
Quantity Value Quantity Value Quantity Value 
ption: 
„ 4 2.601 117 463 4,386 3,064 
17/ööͥÜͤ ⁵⅛² ͤ́ 2,576 1,775 63 251 2,689 2,032 
1/ôÜ·Ü ³ Ad AR 8 2.079 1.257 41 137 2,120 1,394 
pU dto ROUTEUR 2,323 l, 42 141 2,366 1.679 
117/éĩê50ẽ—oö 2.327 1.485 34 125 2,361 1,610 
Stocks on Dec. 31 
EEN 2,621 NA 101 NA 2,722 NA 
L.C RIDE PES 1,922 NA 42 NA 1,964 NA 
1989 a MMC 1,187 NA 148 NA 1,385 NA 
ol gem CD ee a NA Tl NA 954 NA 
1985 22.5255 ꝶGd w me 1,085 NA 41 NA 1,126 NA 
NA Not available. 
Data may not add to totals shown because of independent rounding. 
Table 8.—Built-up mica! sold or used in the United States, by product 
(Thousand pounds and thousand dollars) 
1984 1985 
Product : : 
Quantity Value Quantity Value 
Flexible (cold ö ᷣ „„ 1.072 193 810 
ter ea ee eier 103 69 182 
Molding plate _.__.__.-.-..-.---------------- 655 1,912 654 2,397 
Segment plate... - ------------------------ 773 2.651 72³ 2.974 
77 ³Ü mA ͤ wu ͤͤ A 1.612 266 1,675 
Other nee enim SU qo TIONS 404 2,155 399 1,796 
rr ³⁰¹¹¹wwWW ——— ee 2,406 9,799 2,304 39.835 
*Consists of alternate layers of binder and irregularly arranged and partly overlapped splittings. 


*Data do not add to total shown because of independent rounding. 


MICA 


695 


Table 9.—Ground mica sold or used by producers in the United States, by end use 
(Thousand short tons and thousand dollars) 


End use 


JJJJJ»§V Seo Se « i ſ T TT 8 


1984 1985 
Quantity Value Quantity Value 
MU KCN 68 10,193 68 10,372 
DNE 19 8,195 20 3,451 
Set epee 2 421 2 498 
55 W W W W 
e 23 2,416 16 1,730 
5 "34 5,102 29 5,205 
3 146 21,884 136 21,256 


"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 
Includes mica used for agricultural product, molded electrical insulation, rubber, welding rods, textile and decorative 


coatings, and uses indicated by symbol | 


*Data may not add to totals shown because of independent rounding. 


STOCKS 


Reported yearend consumer stocks of 
sheet mica increased 8% to 1.3 million 


pounds; of this, mica splittings represented 
86% and mica block represented 14%. 


Average reported values of consumed 
muscovite sheet mica changed as follows: 
Block increased 8% to $14.68 per pound; 
film decreased 30% to $3.79 per pound; and 
splittings decreased 3% to $0.64 per pound. 
The average value of phlogopite block in- 
creased 104% to $6.90 per pound while the 


value of phlogopite splittings increased 10% 
to $3.68 per pound. 

The average value of crude scrap (flake) 
mica, including high-quality sericite, was 
$46.02 per ton. The average value per ton 
for North Carolina scrap (flake) mica, pre- 
dominantly a flotation product, was $46.48. 


Table 10.—Average reported price for 
and wet- ground mica sold or used by U.S. 


producers in 1985 
(Dollars per short ton) 
Kind Price 
Wet - grounndddddd ----- 407 
C -------- -= 130 
uses: 
Joint cement ~- —-------------- 152 
Paint- uae Roe usas ue ac iR ead 174 
z . 218 
UN Sosa es W 
Well drilling FC! ˙¹¹¹A 106 
Ee 182 


W Withheld to e disclosing company proprietary 


data; included wi 


!Includes mica used for agricultural products, molded 
electrical insulation, peri welding rods, textile and 


decorative coatings, miscellaneous, 
symbol W. 


use indicated by 


FOREIGN TRADE 


The United States was a net exporter of 
ground mica in 1985, exporting 14.5 million 
pounds valued at $2.0 million while im- 
porting 12.1 million pounds valued at $2.2 
million. Ground mica was exported to 32 


countries. The leading countries of destina- 
tion were Canada, 28%; Mexico, 27%; Ven- 
ezuela, 10%; and Spain, 7%. Canada sup- 
plied 9696 of the ground mica importa. 
Imports of unmanufactured block, film, 


696 


and splittings increased 14% to 1.7 million 
pounds. It was the first increase since 1980. 
India remained the primary source, ac- 
counting for 98% of the imports. 

The total value of exported cut, stamped, 
and built-up mica was $5.1 million, an 
increase of 13%. Canada continued to be the 
leading country of destination, accounting 
for 31%. Mexico received 25%; Italy, 11%; 
the United Kingdom, 6%; and the remain- 
der went to 36 countries. The total value of 
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imports of these materials increased 11% to 
$3.2 million. Of this, 58% by weight and 
35% by value was imported from Belgium; 
13% by weight and 21% by value came from 
Japan; and 12% by weight and 31% by 
value came from India. 

The combined value of all mica exports 
was $7.6 million, an increase of 7%. The 
total imported mica value was $7.2 million, 
a 6% increase. 


Table 11.—U.S. exports of mica and manufactures of mica in 1985, by country 
(Thousand pounds and thousand dollars) 


Scrap and flake mica Sheet mica 
Manufac- 
Country cron or Waste and Vaman 2 vires tured, ie or 
pulverized scra 177 : stamped, 
P splittings built-up 
Quantity Value Quantity Value Quantity Value Value 
Argentinas 194 43 MES — E M 14 
Australia 66 7 DA x. e BR 212 
Bahamas TA NET NK MM REN E 36 
Belgium `... 240 23 TM n e SCH 2 
Brazil. oe oe Eis E ele ME Se Ge 295 
Canada 4.024 429 892 121 GE E 1,569 
Colombia 260 46 12 2 Ea a 40 
France 380 36 Dee? m ES i 9 
Germany, Federal Republic of 126 28 80 11 2 11 57 
India em ee ae "T SE 2 xd EXE e 106 
CTA See an 30 41 160 19 x £ 580 
Japae n 134 143 212 35 32 74 34 
Korea, Republic ooo 484 136 mE = 6 17 9 
Mexico 3,856 496 1,562 220 ere 8 1,288 
rio dtp ee Q0 19 — ww 227 
Ee 1, De Eu 

SWe deen SE Be Sch SH 22 RE 61 
Taiwan _____.-_________- 302 30 NES ci Sa 1 
United Kingdoaan!n 90 10 m ES 10 17 319 
Venezuela ..-------------- 1,422 160 En e äs Gë 11 
Other? .— lolo msc 294 68 2 NS Se =e 167 
Total don st ie es 14,460 1,962 2,918 408 82 159 §,103 


Some shipments of ground mica are included in this category. 

"Includes Barbados, the Cayman Islands, Chile, the Dominican Republic, Ecuador, El Salvador, the French Pacific 
Islands, Guatemala, Honduras, Hong Kong, Indonesia, Ireland, Israel, Jamaica, Kenya, Malaysia, Mozambique, the 
Netherlands Antilles, New Zealand, Pakistan, Peru, Philippines, Portugal, Saudi Arabia, Singapore, the Republic of 
South Africa, Switzerland, Trinidad and Tobago, and Turkey. 


Source: Bureau of the Census. 


Table 12.—U.S. imports for consumption of scrap and flake mica, by country 
(Thousand pounds and thousand dollars) 


Ground or 
= Waste and scrap pulverized 
Quantity Value Quantity Value 
1983 ente 3,787 316 10.304 1.873 
ͤ·Ü ³ AAA a ux este 10.384 985 12.814 2,266 
1985: 

chui A ea ͤ K 88 11,666 2.077 
FU oͥOAATT—T¼d'F ta E 40 11 ses ae 
Germany, Federal Republic o M M 4 5 
Ind cou ß e EE 7,767 340 2 
Japan oo ee ro ee E sake 87 100 
Madagascar _ - - ---------------- 65 15 EM M 
Total unu eet ̃⁰ͤ RIDE n 7,960 718 12,097 2.202 


Source: Bureau of the Census. 
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Table 13.—U.S. imports for consumption of unmanufactured sheet mica, by country 
(Thousand pounds and thousand dollars) 


Not cut or stamped, 
Block Splittings not over 0.006 inch 
Country in thickness! 

Quantity Value Quantity Value Quantity Value 
p RM NES 44 169 1,577 608 278 209 
VORA Ll oue eae 68 151 1,368 458 44 85 

1985: 
Belgium e m 1 17 "n cu 
Brad. . 7 28 iei 8 = a 
Canada - - -------------- D HON TE MN 5 11 
France ` `._------------- 9 42 (7 2 oe zt 
Germany, Federal Republic of xe s 3 3 x em 
Gibraltar... LLL SL ccs za 3 1 9 FM T 
Indi. 2-2 REEL 35 19 1,618 926 MS A 
Japans 1 e ze us "es 
United Kingdom 2 16 ES 8 ak m 
Total“ 55 112 1.624 957 5 11 
Including film. 


Leas than 1/2 unit. 
*Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


Table 14.—U.S. imports for consumption of manufactured sheet mica, by country 
(Thousand pounds and thousand dollars) 


Cut or stamped Articles not 
Not over 0.006 inch Over 0.006 inch erbe especially 
ot over 0.006 inc r 0.006 in ilt- : 
Country in thickness in thickness Ke provided for 
Quantity Value Quantity Value Quantity Value Quantity Value 
77171 eee ee 48 633 186 731 460 921 41 292 
„0 CE 114 517 152 610 461 1,007 123 702 
1985: 
Belgium Mm -— oo =e 568 1,094 (4) 8 
LA EE sei we es is 47 84 29 79 
Sermany: Federal Republic ; i 
Ëer Se Sch "T = E "S 
India 43 330 52 271 3 14 19 356 
ttp oe eee 16 172 64 251 48 219 8 26 
Netherlands SE ae (4) 1 64 111 O 1 
United Kingdom T i (1) 1 2 5 4 38 
FFF 1 8 4 30 2 13 3 38 
Total? lucu 60 510 120 560 129 1,540 69 544 


Lees than 1/2 unit. 
"Includes Canada, China, Haiti, Hong Kong, Italy, Singapore, Spain, Switzerland, and Taiwan. 
ta may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


698 MINERALS YEARBOOK, 1985 


Table 15.—Summation of U.S. mica trade data 
(Thousand pounds and thousand dollars) 


Scrap and flake mica Sheet mica 
U ufactured ufactured, 
GE E Waste and block, film, cut or stamped, 
* splittings built-up 
Quantity Value Quantity Value Quantity Value Quantity Value 
811 ces 13,954 2,085 7,588 1,085 298 267 NA 7,001 
1989 . oum 16,746 2,144 5,254 742 294 296 NA 5,499 
198] 55 So cec 16,430 2,112 8,986 545 70 109 NA 4,001 
1984 ne ⁵ 11,500 1,506 8,806 582 848 549 NA 4,519 
TTC ͤ ͤ 14,460 1.962 2,918 408 82 159 NA 6,108 
Imports for consumption 
TOS Po ore ee re 18,369 1,890 8,075 915 3,484 1,854 688 8,371 
1982 ee ee 10,824 1,724 5,090 421 8,173 1,449 72A 2,996 
1983 .——— ocn 10,304 1.873 3,787 816 1,899 986 735 2,583 
„ 12.814 2,266 10,884 985 1,480 644 856 2,886 
1985... zc 12,097 2,202 ,960 718 1,683 1,080 978 3,154 
NA Not available. 
1Some shipments of ground mica are included in this category. 
Source: Bureau of the Census. 
WORLD REVIEW 


World production of mica decreased 12% 
to 538 million pounds, primarily because of 
decreased production of scrap and flake 
mica in the United States. India continued 
to lead the world in the production of sheet 
mica. The United States remained the lead- 
er in the production of scrap (flake) mica. 

Canada.—The world's largest known 
phlogopite deposit and Canada's only com- 
mercial mica operation was purchased from 
Martin Marietta Corp. by Lacana Mining 
Corp. for about $6.5 million. The purchase 
includes the deposit and operating mine at 
Lac Letondal in Suzor Township, Quebec, 
and a dry processing plant in Boucherville, 
near Montreal. Lacana is planning to dou- 
ble production over the next 18 to 24 
months. Lacana also acquired an option on 
a muscovite mica deposit from Koizumi 
Group Canada Ltd. and plans to do some 
exploration work. The deposit is near Kala- 
dar, Ontario.* 

Finland.—Kemira Oy began operation of 
its new 22,000-ton-per-year mica processing 
plant in September. The plant, at Siilinjar- 
vi, uses phlogopite separated by flotation at 
a nearby apatite plant. Various grades were 
produced ranging from coarse flakes for use 
in drilling muds to fine flakes suitable for 
use in paints, paper, and plastics. The com- 
pany announced plans to begin operation of 
a pearlescent pigment plant at its Vuori- 


kemia works in Pori in 1986. The plant will 
coat mica flakes with titanium dioxide us- 
ing domestic phlogopite from the Siilinjarvi 
plant and imported muscovite. Products 
will be marketed for use in cosmetics, 
paints, printing inks, and plastics.* 

India.—The Mica Trading Corp. of India 
Ltd. (MITCO) raised its floor prices for mica 
powder and flakes by 25%, effective March 
1, 1985.* MITCO also began a concentrated 
effort to increase exports of mica to Japan, 
the Republic of Korea, and Singapore, in a 
continuing attempt to diversify its export 
market. All three countries are major im- 
porters of mica for use in electronics and 
electrical products manufacture and are 
believed to be promising targets for increas- 
ed Indian export sales.’ 

Spain.—Cía. Minera Santa Comba S.A., 
one of Spain’s principal flake mica produc- 
ers, ceased mica production in 1983. The 
bulk of the company’s production had been 
exported to the United Kingdom for micron- 
izing. 

United Kingdom.—Wood Treatment Ltd. 
doubled its dry grinding plant capacity to 
about 11,000 tons per year in response to 
increased demand. Most of the plant feed 
was crude mica imported from China. A 
small amount of mica from Brazil was also 
ground.* 


MICA 


physical scientist, Division of Industrial Minerals. 

*Production of high-quality sericite is included in the 
totals; however, figures for low-quality sericite, used prin- 
cipally for brick manufacturing, are not included. 

Mining Journal (London). V. 305, No. 7842, Dec. 6, 1985, 
p. 433. 

*Jorgensen, B. Firm Pins Hopes on Mica Being Unseen 
but Ubiquitous. The Globe and Mail (Toronto), Jan. 10, 


1986, p. B13. 
Griffith, J. Kemira Mica—Utilizi 


M . No. 214, July 1985, p. 11. 
8 . No. 217, Oct. 1985, p. 59. 
, . No. 215, Aug. 1985, p. 15. 


Table 16.—Mica: World production, by country! 
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Resources. Ind. 
Miner. (London), No. 219, Dec. 1985, pp. 77-83. 
Industrial Minerals (London). No. 213, June 1985, p. 10. 


(Thousand pounds) 
Country? 1981 1982 1983 1984P 1985* 
Argentina 
Si. LI 8 97 53 62 26 34 
Waste, scrap, ett. 1,012 481 628 613 620 
PPT» itor EG 1,735 1,936 1,926 7,939 7,800 
Canada oe hh ee eee ES 24,000 22,000 23,000 23,000 25,000 
(ve e Ln Quem 52255 526e5 19,972 17,521 20,412 23,929 22,000 
India: 
Exports: 
BCC A 2,610 «2 400 *2 400 400 2,200 
Film and disk `... 168 440 1 €440 F 6440 440 
Splitting 1,303 *8,800 7.000 97,000 7,000 
EE 14,274 *17,600 *15,500 *15,500 15,500 
Powder 25,674 *11,000 *9 000 *9,000 9,000 
Manufactured ___ _____-___- 925 “660 1, 100 1, 100 1.100 
Domestic consumption, all forma _ _ 6,600 6,600 6,600 6,600 7.700 
TOUR ot A 58,154 247, 500 T 42.040 142,040 42,940 
Korea, Republic of (all grades) ) _ ___ 22,000 44.875 31.751 58.872 83,000 
Madagascar (phlogopite) .. _- 844 2,866 l, 1,587 1,500 
Mexico (all grades) 4,579 1,124 3,439 3,695 3,500 
Morocco 3.979 1.129 1,100 646 2,600 
Mozambique 660 926 681 660 660 
Namibia ------------------—- " zi 220 198 EP 
Perito ea ote K a Er n 1,265 1,200 1,200 1,200 1,200 
South Africa, Republic of: 
Sheet. Lll ecl S m le Ge 8179 
] ³o A 5.280 3.871 5.891 9.872 24.747 
Spain = cassius 8 1,169 1,551 2,866 183 2,200 
Sri Lanka (scrap - ------------——- 401 642 377 440 440 
SM. 4.409 864 22 22 22 
Tanzania (sheet! 11 11 (* ($) ($) 
Taiwan- -222-2 187 97 686 670 250 
U.S.S.R. (all grades 104,000 106,000 108,000 108,000 110,000 
United States: 
Sheet- c ee og NA NA NA NA NA 
Scrap and flake? |... 266,000 212,000 280,000 922.000 2275, 100 
ugoslavia `- ---------------- 584 3,093 2,086 F 92,100 2,200 
Zimbabwe e 3,100 1,898 1,199 2. 1,800 
Grand total... 7530,038 1476, 550 535.231 608,700 537,792 
*Estimated. Preliminary. "Revised. NA Not available. 


"Table includes data available through May 13, 1986. 


"in addition to the countries listed, China, Norway, Pakistan, Romania, and Sweden are known to produce mica, but 
available information is inadequate to make reliable estimates of output levels. 


«Reported figure. 
,Less than 1/2 unit. 
Excludes U.S. production of low-quality sericite. 
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Molybdenum 


By John W. Blossom! 


Domestic and foreign molybdenum mar- 
kets remained imbalanced in 1985. World- 
wide mine production exceeded demand, 
but domestic producer and consumer stocks 
were kept at a minimum. U.S. mine output 
of molybdenum increased 4.6% compared 
with that of 1984 and represented 50% of 
the world production. Reported end-use con- 
sumption of molybdenum in raw materials 
and apparent domestic demand increased 
compared with that of 1984. Exports of 
molybdenum from the United States re- 
mained level during 1985. Domestic produc- 
er stocks of molybdenum decreased by 5%, 
but confronted with stock inventories equiv- 


alent to about 1 year’s consumption, domes- 
tic producers’ prices were weak. World mar- 
ket prices were below those of most U.S. 
producer price listings for most of the year. 

Domestic Data Coverage.—Domestic pro- 
duction data for molybdenum are developed 
by the Bureau of Mines by means of three 
separate, voluntary surveys. These surveys 
are the “Molybdenum Ore and Concen- 
trate," “Molybdenum Concentrate and Mo- 
lybdenum Products,” and “Molybdenum 
Concentrates.” Out of 13 operations to 
which surveys were sent, all responded, 
representing 100% of the total production 
shown in table 1. 


Table 1.—Salient molybdenum statistics 
(Thousand pounds of contained molybdenum and thousand dollars) 


Reported consumptioůo nnn 
Imports for consumption |. nun 
Stocks, Dec. 31: Mine and plant `... 


Primary ucts: 
Protection 


Shipment 
Reported consumption 
Stocks, Dec. 31: Producers 


World: Mine production 


— — —— — mn rm mm ms em e ms mm e mn pm —— mm mm mm mm 


1981 1982 1983 1984 1985 
39, 84,381 83,598 103,664 108.409 
118,916 16,135 48,805 102,405 111.936 
$945,540 $504,089 $166,612 $326,780 $347,812 
80,125 49,444 21,014 54,843 W 
1,988 3.115 1,673 28 112 
35,043 38,510 11,637 12,450 9,322 
105,824 65,381 31,533 19,689 87,436 
64,368 47 884 50,562 T 65,527 73,861 
50,189 21,665 21,225 84.792 33,451 
44,961 49,402 28,352 22.155 21,014 
7240,003 1209, 336 140.585 214.506 215.139 


*Estimated. preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 


DOMESTIC PRODUCTION 


Domestic mine production of molybde- 
num increased to a total of 108 million 
pounds of contained molybdenum, compa- 
red with 104 million pounds in 1984. The 
country’s four largest producers were 
AMAX Inc., Cyprus Minerals Co. (formerly 


Cyprus Mines Corp), Duval Corp., and 
Molycorp Inc., which together produced 
87% of the year’s total production. Domes- 
tic producers attempted to correct oversup- 
ply conditions by reducing production. 
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Table 2.—Production, ee 1 stocks of molybdenum products in the 
n 


States 


(Thousand pounds of contained molybdenum) 


Received from other producers 
Gross production during yea! „ 
Used to make other products listed here 
Net production 
El TEE 
Producer stocks, Dec. 31... 


Received from other producers ~. - --.--------- 
Groes production during yeaark᷑- „ 
Used to make other products listed here 
Net production 
Shipment! —?T' 
Producer stocks, Dec. 81 


4 — — m a iw o mm o o op mp me mm mt vm — mm e me vm 


— — ee ew ew ew we ꝗ — en rm e — = 


1985 1984 1985 1984 1985 
Molybdic Metal Ammonium 
oxides? powder molybdate 
9,989 we Est 1,527 W 
; 69,978 5,863 5.416 3.332 w 
: 21,228 1,561 1,682 2,215 1,999 
: 48,750 4,302 3,734 1,116 W 
à 58,984 4,178 3,968 W W 
e 16,281 594 W 684 Ww 
Sodium 
W w 63 1,734 6,479 11,723 
W wW 8 12,042 79,689 436 
W W 614 626 26,336 25.535 
W W 7.749 9,417 53.353 61.901 
Ww wW 11,096 10,909 65,527 73,861 
Ww W 3,582 4,133 22,155 21,014 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 
Includes technical and purified molybdic oxide and briquets. 


Includes ferromolybdenum, calcium molybdate, phos 


homolybdic acid, molybdenum disulfide, 5 


molybdenum metal, pellets, molybdenum pentachloride, molybdenum bhexacarbonyl. and data indicated by symbol W 


CONSUMPTION AND USES 


The quantity of molybdenum in concen- 
trate roasted domestically to produce 
technical-grade molybdic oxide increased 
above that of 1984. The remainder of the 
mine production of concentrate was either 
exported for conversion, purified to lubri- 
cation-grade molybdenum disulfide, or add- 
ed to the stocks at mines and plants. The 
oxide, or roasted concentrate, is the chief 
form of molybdenum utilized by industry, 
particularly steel, cast iron, and superalloy 
producers. However, some of the material is 
also converted to other molybdenum prod- 
ucts, such as ferromolybdenum, high-purity 
oxide, ammonium and sodium molybdate, 
and metal powder. 

Apparent consumption (defined as U.S. 
primary plus secondary production plus 
imports minus exports plus adjustments for 
Government and industry stock changes) 
remained about the same, at 42 million 
pounds of molybdenum. The total reported 


end-use consumption of molybdenum in raw 
materials decreased about 4% from that of 
1984. Molybdenum consumed in oxide form 
(technical-grade, purified, and briquets) 
accounted for about 6096 of total reported 
consumption; in ferromolybdenum, 1496; 
and in other forms, 26%. 

Molybdenum reported as consumed in the 
production of steel accounted for 57% of 
total consumption. Approximately 28% of 
consumption was attributed to other metal- 
lurgical uses, such as cast irons, super- 
alloys, and as a refractory metal. Catalyst, 
lubricant, pigment, and other nonmetallur- 
gical applications composed the final 15% 
of total consumption. Nearly all end-use 
areas remained about the same in molyb- 
denum consumption when compared with 
those of 1984. Notable exceptions were high- 
strength, low-alloy steel (-- 4696), tool steel 
(-41%), cast iron (-36%), and full alloy steel 
(-12%). 
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Table 3.—U.S. reported consumption of molybdenum, by end use 
(Thousand pounds of contained molybdenum) 


: Ammonium Other mo- 
Molybdic Ferromo- ^ 
be oxides bd, Ta Maar "o 
1984 
Steel: 
PP A ee ee 787 101 2x 2 890 
Stainless and heat resisting |... 4,414 562 s 154 5,130 
OE" T MISSION IEEE PRON EE 8,914 835 US. 29 9,778 
High-strength, low-alloy `... 1,094 531 Si 25 1,650 
PFF... Ee e ege 2,165 569 wd 21 2,761 
CE NR Loose TTT 401 1,208 ei 24 1,639 
EE E Se EE e 1,230 156 ae 1,604 2,990 
CN (excludes steels and Gibbes in 
elding and alloy hard-facing and materials Sa 172 ne 19 191 
DIN MEN h AAA dal o coda intem eg 282 141 oe 175 598 
Mill products made from metal powder Wa ac "n 4,501 4,507 
Chemicals and ceramics: 
i o “eared E E PP W 3 302 zl 302 
en SS |t coda oe i Pie Eco Ai E: 2,601 W 187 2,788 
EE y ae EE? 4 Kä Te 835 839 
Miscellaneous and unspecified. - - - - | ..... 321 87 260 55 129 
FVV celui hee eee 22,225 4,362 562 1,643 34,792 
1985 
Steel: 
EEIN EE PEER E EECHER 704 138 bos Ke 842 
Stainless and heat resisting |... 4,946 627 nm 167 5.740 
"os pesi P 1242 1 ons — W 2417 
STT ania A. d SE 
Pw. · A EEN 1.204 418 ae W 1,622 
O DA A EE W 1,049 m W 1,049 
Su BS os odas QR Rick pana ebro 1,368 W SE? 1,788 3,156 
(excludes steels and superalloys): 
elding and alloy hard-facing and materials — 168 EON W 168 
VVV = AES i oa 
ucts rom metal powder Mc E AE d d 
Chemicals via ceramics: e S A 
CUM, Loa E mis ma GNQ Eia DE 1,977 ees wW 299 2,276 
TEE bM dame 4 4 wä 732 740 
Miscellaneous and unspecified. ____________ - 697 144 766 150 1,757 
TUNE tds acd ac ³ ss a AA ch intel 20,215 4,550 166 7,920 33,451 


W Withheld to avoid disclosing company proprietary data. 


‘Includes calcium molybdate 


"Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum metal powder, 


molybden 
Includes magnetic and nonferrous alloys. 


um metal, pellets, and other molybdenum materials. 


STOCKS 


Total industry stocks, which include 
those of producers and consumers, decreas- 
ed by almost 10% to 35 million pounds of 
contained molybdenum. Inventories of mo- 
lybdenum in concentrate at mine locations 
decreased from 12.4 to 9.8 million pounds. 
Producers’ stocks of molybdenum in con- 
sumer products, such as oxide, ferro- 
molybdenum, molybdate, metal powders, 
and other types, decreased from 22 mil- 


lion pounds at the beginning of the year to 
21 million pounds by yearend. Compared 
with monthly molybdenum shipments, 
yearend producers’ stocks of these materi- 
als totaled almost a 3.5-month supply. Do- 
mestic consumers held inventories of about 
4 million pounds throughout most of the 
year, representing approximately a 1.5- 
month supply compared with average 
monthly reported consumption. 
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Table 4.—Industry stocks of molybdenum materials, December 31 
(Thousand pounds of contained molybdenum) 


Material 1981 1982 1988 1984 1985 
Concentrate: Mine and plane 35,043 38,510 11,687 12,450 9,322 
Producers: 
Molybdic oxideꝶ ) 38.999 41.855 22.991 17.295 16.281 
Metal powder ____________________________-_ 501 443 503 594 W 
NM ERE ey ee ee 1,075 1,072 1,088 684 W 
Sodium molybdate «4 27 48 79 W W 
BOOK d ( NM 4,353 6,984 $741 3,582 4733 
Tul. oor epo a ee E 44961 49,402 28,852 22155 21014 
Molybdic oxide??? : 8,217 2,108 1,467 1,552 2,020 
EE 914 616 570 721 587 
Ammonium and sodium molybd ate 167 16 70 80 47 
EF RM eh eet i 8 1,467 1,386 1,567 1,540 1,778 
Totales Bee eee ee Rob Eta 5,765 4,81 8,674 3898 4.441 
Grand total 85,769 92,098 43,668 88498 34,777 
W Withheld to avoid disclosing company data. 
‘Includes technical and purified molybdic oxide and briqueta. 
Sincludes ferromolybdenum, calcium molybdate, mo acid, molybdenum disulfide, molybdic acid, 
molybdenum metal, pellets, molybdenum pentachloride, mol um hexacarbonyl. 
6 molybdenite trate added directly to steel, molybdenum metal powder, 
um concen R um " 
um metal, pellets, and rei rie da materials. á 
do not add to total shown because of independent rounding. 
PRICES 
contained molybdenum) increased from molybdenum 
$2.88 in January to $4.43 in March, then (Per pound) 
declined to the year’s low of $2.60 at the end 
of December. The average price of oxide was 1984 1985 
$3.38 or $0.23 less than the average price in i 
1984. 9 EROR $3.36 s 18 
F 3.56 3.38 
FOREIGN TRADE 
Exports.—Exports of molybdenum in con- Imports.—Approximately 5 million 


centrate and oxide remained nearly level at 
about 64 million pounds for 1985. Molybde- 
num concentrate exports were about 59% of 


public of Germany, Japan, the 
Netherlands, and the United Kingdom. The 
calculated molybdenum content of all ex- 
ports remained constant at 76 million 
pounds. Total value of exports decreased 
from $318 million in 1984 to $316 million in 
1985. 


pounds of molybdenum in various forms 
was imported into the United States, a 


in 1985. In terms of both value and quanti- 
ty, the major forms imported were as ore 
and concentrate and as materials in chief 
value molybdenum. The principal originat- 
ing countries for these imports were Canada 
and Chile. 
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Table 6.—Molybdenum reported by 
producers as shipments for export 
from the United States 


(Thousand pounds of contained molybdenum) 


1984 1985 
Molybdenite concentrate 41,687 38,646 
c 24,553 36,268 
All other primary products 1.424 1.385 


Table 7.— U. S. exports of molybdenum ore and concentrates (including roasted 
concentrates), by country 


(Thousand pounds of contained molybdenum and thousand dollars) 


1983 1984 1985 
Quantity Value Quantity Value Quantity Value 
FT ` EE i I TT 2,179 8,105 — — 31 50 
Belgium LuxembouuPꝶ ggg 4.354 20,171 5,146 22,629 5,743 30,114 
ie 0 ² 55 246 82 258 153 627 
PC ⁰ ah kc ˙ w EES 475 1,377 281 780 1,979 
„„ NEE Lp ice a ee i ee hg EE Eo 7 — 679 102 
Germany, Federal Republic o 6.148 20.918 6.578 14.936 379 1,158 
PFF 4,531 17,7 6 7,031 
—— ——— — Á———Á O E 13 O 71 135 
Netherlands ____------------------——— 20,700 95,598 34,914 150,558 40,076 160,250 
e EE EE Ee 1,475 3,032 7 1,674 
United Kingdom --------------------—- 14,336 7,863 23,057 1 5,463 
jd ⁵ĩ».w m ²⁰ AA EE 262 1.000 611 552 1.840 
— tiie ae EENS 47,068 — 185,122 63,366 242.770 63,859 247,690 
Less than 1/2 unit. 
Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 


Table 8.—U.S. exports of molybdenum products, by country 
(Thousand pounds, gross weight, and thousand dollars) 


Product and coun — 
* Quantity Value Quantity Value 
Ferromolybdenum:! 
U poor E Vah ² AA . abut E alae 118 240 14 73 
TN TTT ⁰ T ial ll RM et 31 133 " "s 
PTT! ͤ 0 ² ² ů . —— CDS -- 9 
SEU sd ͤ ⁰ dt t Rara as iid Ze aime oes 6 gg dt ihi ea 1 4 we 2 
MIO oooais dde eme eke Rings AAA 0000 66 169 93 
FRUGEM. 8 i aos E (?) 1 s. e 
South Africa, BOUE UE eise hah ids elk ⅛—l'ʃ.. ̃ -V 16 50 ce 
la i lk 3 TEER p a ela E alan 411 970 1,055 2,098 
I ooi E ie ee ELE ETER oe i a ge 650 1,567 1,262 2,698 
Metal and alloys in crude form and scrap: 
1 cope dk las pP ER 8 R4 
—— EAR, dh pM DE E ee ae 57 242 15 114 
sa ci ts Mi cs Si Ee ⁵ ns EE 8 8 80 1 13 
Germany, 0 AAA ⁰˙ũ] . sn 83 96 * KT 
eet Gaia sk acies Sic ng por sa In € ͤ ͤ 0 Be So 1 
E br n dote Rip AA AAA A 1 170 700 
L TIONEN BS ins 61 174 
o ou 0 SR BOUE EE E : E 21 206 
(yu) vie! iab ted iiie AICS LLL ERIS E 53 357 30 265 
hia dioe uan vi tes cecil ee Sail A E sit in OC Nh 5 45 122 436 
PPP ak nla a ow oes ele es 306 1,209 574 2,365 
Wire: 
osos ee ROME EE Se ee CE ee 52 8 78 
TE ECE: SEE QEON pe TE Oe 1 ds iin 
oo EE ²˙ AAA AAA Ee 18 120 KÉ == 


See footnotes at end of table. 
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Table 8.—U.S. exports of molybdenum products, by country —Continued 
(Thousand pounds, gross weight, and thousand dollars) 


1984 1985 
ee ee “Quantity Value Quantity Vales 
Wire —Continued 
Beigium-Luxembourg _______._._.-.----------------- 9 188 85 190 
SEENEN 18 21 966 
emm Ze e case hh a tt agate 22 514 2 573 
|a. lio NERONE eee EES 6 965 2 38 
inda : EE ki Se x M 
Waly EE 26 814 36 49 
JEDER. e ³ em Ee AE E 91 1,827 71 1,395 
r . QNI IMS ee 15 548 11 $40 
Netherlands A A A 21 = a : 
South Attica epulo EE 0 3 o^ 1 
Spain i ce ee EE ?1 826 51 2⁰³ 
United Kingdom 44 17 Le B zh 
po NAE SAT DEE RTS 88 39 400 62 499 
77J77CöÜ—O!’ẽ ð xxx rn eee Ep E 474 6,964 546 6,130 
Powder: 
Baar a A I WEE “3 
UmPLUXOMSDOUFE . Lomo za — 
JJ) 8 4 33 10 108 
J 8 25. 962 H 111 
SE 1. V 
P^ PENAS MED HEUS ET NCEE MONIO OEE E NO 23 191 45 $36 
Medo Gos oo oc on coo op ADU a E 31 174 5 f 
Netherlands. 0 2 128 m 
Eer 148 de né — — os 
Od cr e ae ee 189 690 E mt 
Total sooo ai ees % ð K ĩͤ ee E 461 8,272 $60 2,298 
Australia dn 3 76 2 [7 
Belgium-Luxembourg ________--_-.--__----------.__- 1 25 1 us 
Bad - Tc iT 81 762 16 492 
Canada DENTES . . EE 83 655 18 Tu 
Genes ZE TA ee 5 wu . 43 
chelen ee "Adag 4 — 
Mexico -L x 2 “ 2 141 
Netherlands `. ))) ð NER oT OEE EE e 29 878 AM ....998 
f oem M oes opta E 1 1 2 4 
... 8 o Bn "I 
United Kingdom _____________________-_-___-___._-. 8 ian est, — 
JJ vum eee ms mm uud cap w- ue dep me ew mw Cu cm m ue E m Me eui ME dme ( — T be le 
õͥ1Ü1Ü ¾WAqàĩͥĩ ³¹— ¹.ꝛAAA =- SL are 257 6,968 408 8,390 
— — 
7))j!TC kw. ³ K eee e (ad) 6 wl 3 
Ausrdl- EENEG 178 452 714 676 
Belgium-Lunembourrnsm— LIII II ZILI III 4,688 8,346 2,755 491 
Ea S M MO CNN RUM C UTE RCM 5 26 6 30 
Gems e on 136 — 348] 218 41 
X PST AURA nee ee ee he ge COP SDN RR CUNG 5,127 14,908 4018 10.063 
Mexico 4... o5 b 28 16 
Netherlands... ~~ ~~~. ee 6,746 18,097 
n)! ß c er 958 1.816 1,600 2.910 
United Kinpdons J 264 6.133 3,000 554 
JJ 8 4,440 8,204 1,903 $,081 
EES 26,602 66453 23/709 46,169 
1Ferromolybdenum contains about 60% to 65% molybdenum. 
Less than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
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Table 9.—U.S. imports for consumption of molybdenum 
(Thousand pounds and thousand dollars) 
1984 1985 
TSUS Con- Con- 
Item No. Groes tained Value Gross tained Value 
weight molyb- weight molyb- 
enum denum 
Ore and concentrate 601.33 46 28 183 182 112 566 
Material in chief value molybdenum ..... 603.40 8,800 5,266 19,441 4,173 2,239 7,329 
Ferromolybdenum `... 606.31 2,086 1,545 4,438 1,424 945 3,721 
Waste and crap 628.70 NA 437 2,565 NA 517 2,830 
Unwroughg 628.72 NA 142 2.170 NA 145 2.370 
Wrought ---------------------- 628.74 132 NA 3,023 94 NA 2,301 
Ammonium molybdate `... 417.28 95 54 287 386 223 1,028 
Mol um compounds 419.60 883 599 2,547 872 578 2,563 
Sodium molybd ate 421.10 183 108 319 365 205 721 
Mixtures of inorganic compounds, chief value 
molybdenum `... 423.88 250 42 731 38 7 88 
Molybdenum orange 413.18 2,026 NA 2,367 2,154 NA 2,278 
P6777? ee het ot! 14,501 8.221 38,071 9,686 4.969 25,794 
NA Not available. 
Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 10.—U.S. import duties on molybdenum 
Item TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Molybdenum ore and con- 
centratee 601.33 9.8 cents per pound 9 cents per pound 35 cents per pound. 
Material in chief value 
um soc Su 603.40 7 cents per pound plus 6 cents per pound plus 50 cents per pound 
2.2% ad valorem. 1.9% ad valorem. plus 15% ad valor- 
em. 
pc i EES See 606.31 5.2% ad valorem .. 4.5% ad valorem 31.5% ad valorem. 
o num: 
aste and scrap... 628.70 7.1% ad valorem ... 6% ad valorem .... 50% ad valorem. 
Unwrouchtt 628.72 7.2 cents Ter pound 6.3 cents per pound 50 cents per pound 
plus 2.2% ad plus 1.9% ad plus 15% ad valor- 
valorem. valorem. em. 
Wroughghnt 628.74 8.1% ad valorem ... 6.6% ad valorem .... 60% ad valorem. 
Mo num chemicals 
ium molybdate_ 417.28 4.8% ad valorem ... 4.3% ad valorem `. — 29% ad valorem. 
Calcium molybdate _ . — 418.26 aue Loc curii ete 4.7% ad valorem ... 24.5% ad valorem. 
Molybdenum com- 
pound 419.60 3.4% ad valorem 3.2% ad valorem 20.5% ad valorem. 
Potassium mol te. 420.22 3.2% ad valorem 3% ad valorem .... 23% ad valorem. 
Sodium molybdate .... 421.10 4.1% ad valorem ... 3.7% ad valorem ... 25.5% ad valorem. 
Mixtures of inorganic l 
compounds, chief 
value molybdenum _ _ 423.88 3% ad valor em 2.8% ad valorem `. — 18% ad valorem. 
Molybdenum orange 473.18 4% ad valorem .... 3.7% ad valorem 25% ad valorem. 
WORLD REVIEW 


World mine production of molybdenum 
was 215 million pounds, about the same 
production as that of 1984. Canada, Chile, 
the U.S.S.R., and the United States ac- 
counted for more than 89% of the molybde- 
num produced worldwide. Although com- 
prehensive statistics on world consumption 
were not available, market evidence clearly 
indicated that supply exceeded demand. 
World molybdenum consumption remained 
level, and stocks continued to decrease but 


exceeded more than 1 year's demand. 

Canada.—Molybdenum production (ship- 
ments) in Canada decreased by about 32% 
in 1985 from that in 1984. 

Brenda Mines Ltd. restarted production 
on September 15 following an agreement 
reached with the Commission of Critical 
Industries of British Columbia. 

Lornex Mining Corp. Ltd.'s copper-molyb- 
denum mine returned to profitability after 
1 year of operating at a loss. Output of 
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molybdenum at the Highland Valley Mine  Chile's production came from the Chuquica- 


increased 14% during 1985. 
Chile.—Molybdenum production from world. 
Corporación Nacional del Cobre de Chile 


(CODELCO-Chile) increased 9% compared 'Physicalscientist, Division of Ferrous Metals. 


with that of 1984. Much of CODELCO- 


Table 11.—Molybdenum: World mine production, by country! 


(Thousand pounds of contained molybdenum) 


Country? 1981 

Bu EE 
Canada (shipment) 128.329 
ll ⁰w¹r ͤ 83,863 
G0 d eos East c A LA EL LEE 4,400 
Japan? 2. cuu rate oi cu EE 163 
Korea, Republic oolll!!!dnln˖! „ 1,023 
MéXICO: oun donde iS EE 994 
TEE y 1,460 
7ſCC/%ſ%%%ͤ Sale aie ees 249 
CCE ee ee eee re ee t cie 5,485 

Plulppinaeg. none -----------—---- 
CJJJõö˙%C he hn y iL 28,600 
United States _______________-__-_---_-_---- Le 139,900 
7J7%%;ö˙ͤẽ aja sic E T *240,003 


1982 


81,172 
4,400 
82A 
848 
8,938 
2,200 
3 
6.788 
24.700 
108,664 

214,506 


mata Mine, the largest copper mine in the 


*Estimated. Preliminary. "Revised. 
Table includes data available through June 17, 1986. 
rin addition to the countries listed, North Korea, 


ia, Turkey, and Tugoslavis are 


Roman believed to produce 
molybdenum, but ee is not reported quantitatively, ly and available general information is inadequate to make reliable 


estimates of output levels. 
*Reported figure. 


Nickel 


By Peter G. Chamberlain? 


Calculated apparent nickel demand in 
the United States was about the same as 
that of 1984. However, reported consump- 
tion of nickel in stainless and heat-resistant 
steels, alloy steels, copper-nickel alloys, and 
other nickel-based alloys decreased. Super- 
alloys and miscellaneous uses provided the 
only major gains in consumption. In addi- 
tion to being an important constituent of 


stainless steel, nickel formed a critical com- 
ponent of essential alloys in electronics, 
aerospace, and other applications. Conse- 
quently, nickel production, consumption, 
and trade impacted these major industrial 
sectors. 

Worldwide, the nickel production in 1985 
continued to rebound from its 1982 low. 
World demand did not keep pace, however, 


Table 1.—Salient nickel statistics 
(Short tons of contained nickel unless otherwise specified) 


1981 1982 1983 1984 1985 
United States: 
Mine production: 
ickel ore (gross weight)... ---------------- 1,794,000 432.488 -. 1,674,600 868,100 
Shipment 12.099 3.203 Mn 14,540 6.127 
Plant production: 
Smelter, from domestic ores (includes byproduct nickel) 10,305 3,456 W 9,604 5,214 
Refinery, from imported matte 38,500 41,500 33,400 35,329 31,168 
Secondary recovery, from purchased scrap:* 
From ferrous scraões‚ 34,459 80,034 30,076 35.760 41,151 
From nonferrous scrap ~- - -----------------—- 17,617 12,934 19,776 119,407 16,032 
Exports: 
Primary (un wrought̃)ʒ 19,674 31,356 23,359 1.638 21,745 
Total (gross weight)! 46.836 57.029 43.913 58.525 51,429 
Imports for consumption: 
Printy EE 209,008 129,787 152.333 176.715 157.690 
Primary (gross weight) _...~.-_-.._-___________ 306,747 177,493 215,361 249.929 220,349 
Total (gross weightt )) 315,837 186,913 225.537 264,778 236,001 
Consumption: 
Reported: 
Primary ß oi ol 144,851 103,981 127,845 136,861 119,907 
n Secondary (purchased crap 43,168 35,690 42,034 49,649 43.903 
pparent: 
FI ũ cocer re AAC 153.994 138.032 "154.148 "155,395 161,973 
Secondary (purchased crap 52,076 42,968 49,852 555.167 257,183 
Stocks, yearend: 
[4 do Pcr ð ß 100,000 62,000 38,500 37,300 13,300 
Consumer: 
e E 22,508 18,853 20,448 20,934 19,106 
Secondary 11.326 10.004 10,304 6,520 P6,320 
Employment, yearend: 
e p ea oh 160 160 160 130 130 
EEN 230 230 230 170 170 
Refinery | ole mwmd 88 NA 420 420 420 EES 
Price (cathoder! 
Producer (North American), per pound ____.______ $3.43 $3.20 XX XX 
New York dealer, per pound 2222.2... $2.65 $2.24 $2.20 $2.22 $2.26 
World: Mine production ______.__.__.______.____-_ *800,032 "681,715 735.359 P832,592 856.749 


Estimated. Preliminary. "Revised. 
data. XX Not applicable. 
Weighted average calculated by Metals Week. 


NA Not available. 


W Withheld to avoid disclosing company proprietary 
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sustaining a serious oversupply. World 
mine capacity continued to exceed produc- 
tion by 25%. 

Concerns over short-term nickel supplies 
pushed the nickel price upwards during the 
first half of the year. However, the excess 
supply situation that developed in the sec- 
ond half of the year drove the price down to 
its lowest level since early 1983. 

The major event affecting the domestic 
nickel producers was the closure of AMAX 
Nickel Inc.’s Port Nickel refinery in Braith- 
waite, LA. The refinery was the country’s 
only primary nickel-cobalt refinery. The 
M.A. Hanna Co., formerly Hanna Mining 
Co., temporarily closed its integrated nickel 
mine and smelter at midyear to install a 
wet screening unit at the mine and a slurry 
transportation system to haul the ore to the 
smelter. 

Domestic Data Coverage.—Domestic pri- 
mary production data for nickel are obtain- 
ed by the Bureau of Mines from a survey of 
the single integrated nickel mine-smelter 
and from another survey of the two copper 
refineries that produced byproduct nickel. 
Domestic consumption data for nickel are 
developed by the Bureau from a voluntary 
survey of U.S. operations. Of the 375 oper- 
ations to which a survey request was sent, 
340 responded, representing 74% of the 
apparent primary nickel consumption 
shown in table 4. Apparent consumption of 
primary nickel was estimated using U.S. 
primary production plus imports minus ex- 
ports plus adjustments for Government and 
industry stock changes. 

Legislation and Government Pro- 
grams.—The General Services Administra- 
tion (GSA) received 5,014 short tons of 
vacuum-melting-grade nickel for the Na- 
tional Defense Stockpile. The material, 
purchased in late 1984, brought the yearend 
inventory to 37,223 tons, well below the goal 
of 200,000 tons. 

On July 8, the President approved recom- 
mendations by the National Security Coun- 
cil (NSC) for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict that would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, 
nickel would be categorized in tier II, and 
the goal would be 5,000 tons. At yearend, 
this proposal was under consideration by 
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the Congress. The Department of Defense 
Authorization Act, 1986 (Public Law 99- 
145), signed by the President on November 
8, 1985, stated that no action may be taken 
before October 1, 1986, to implement or 
administer any reduction in a stockpile goal 
in effect on October 1, 1984. 

The U.S. Department of the Treasury, 
Bureau of the Mint, solicited bids on March 
8, 1985, for copper-nickel coin blanks in- 
stead of the raw metal usually purchased. 
The purpose was to cut fabrication costs and 
shift expenses from normal operating funds 
to the special Mint coinage fund. Concerns 
raised by domestic mills and members of 
Congress that foreign bidders would have a 
built-in cost advantage convinced the Mint, 
however, not to award any contracts under 
the solicitation. Arrowhead Metals Ltd., 
Toronto, Canada—the lowest bidder—un- 
successfully challenged the decision to drop 
the solicitation in Federal courts. Mean- 
while, the Mint purchased 1,700 tons of 
nickel under three tenders for processing 
into coins according to the past practices. 
Most was purchased from trading compa- 
nies with U.S. offices; AMAX Nickel provid- 
ed 263 tons as one of its last sales before 
ceasing primary nickel production. 

U.S. Geological Survey (USGS) continued 
exploring and evaluating the Exclusive 
Economic Zone for seafloor mineral re- 
sources, particularly cobalt-nickel- 
manganese crusts. The U.S. Department of 
the Interior’s Minerals Management Ser- 
vice (MMS) established a new office, the 
Office of Strategic and International Miner- 
als, to formulate policies for exploring and 
developing minerals from the Outer Conti- 
nental Shelf. An interagency working group 
consisting of the USGS, National Oceanic 
and Atmospheric Administration, and MMS 
completed draft regulations on such activi- 
ties. MMS financed detailed geologic and 
hydrothermal studies of the Gorda Ridge 
crust deposit off the Oregon coast. The 
Gorda Ridge Technical Task Force, consist- 
ing of State and Federal representatives, 
formulated recommendations to the Secre- 
tary of the Interior regarding future leas- 
ing. 

Possible seafloor mineral development 
moved closer to reality near Hawaii as the 
Hawaiian Task Force reviewed mine devel- 
opment scenarios, developed leasing plans, 
and began overseeing an Environmental 
Impact Statement (EIS). MMS sponsored an 
additional data-gathering cruise over the 
Cross Seamounts site, one of the most prom- 
ising crust deposits near Hawaii. 

Congress failed to enact legislation reau- 
thorizing the Comprehensive Environmen- 


NICKEL 


tal Response, Compensation, and Liability 
Act of 1980 (Superfund) prior to its expira- 
tion on September 30. Moreover, no Super- 
fund legislation passed by yearend. Money 
from the Superfund is critical to maintain- 
ing the Environmental Protection Agency’s 
hazardous waste cleanup program. 

The President signed legislation, Senate 
bill 883, into law in July. The law extended 
the Export Administration Act, which re- 
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stricts exports of many nickel and cobalt 
strategic alloys. Although the act’s Com- 
modity Control List remained unchanged, 
export licensing regulations were loosened 
for trade with countries that are members 
of the Free World Coordinating Committee 
of Western Trading Partners. The extension 
also restricted the President’s ability to 
block existing export contracts for political 


purposes. 


DOMESTIC PRODUCTION 


Hanna closed its mine and ferronickel 
smelter at Riddle, OR, on June 15 for con- 
struction of a wet screening system at the 
mine. The system is expected to concentrate 
the ore by a factor of two with attendant 
savings in haulage and roasting costs. A 
new ore transportation system was also 
installed during the $13 million capital 
improvement program. Prior to undertak- 
ing the modifications, Hanna received a 5- 
year extension to the reduced-power-rate 
agreement with the Bonneville Power Ad- 
ministration. The company also negotiated 
a 5-year labor contract with the union 
before committing funds to improvements. 
Although the mine reopened in October, 
most activity was devoted to fine-tuning the 
new systems. Hanna had not refired its 
smelter furnaces by yearend. Consequently, 
U.S. mine and smelter production in 1985 
was one-half that of 1984. 

AMAX Nickel closed its Port Nickel re- 

finery in Braithwaite, LA, on November 30. 
This action left the Nation with no primary 
nickel or cobalt refining capacity. During 
events culminating in the closure, 
Nickel released Bamangwato Concessions 
Ltd. (BCL) of Botswana from its contract to 
supply AMAX Nickel with nickel matte for 
the refinery. AMAX Nickel also contracted 
to resell the matte that it purchased from 
Agnew Mining Co. Pty. Ltd., Australia, to 
Sherritt Gordon Mines Ltd., Canada, and 
Outokumpu Oy, Finland. The refinery had 
received about 60% of its matte feedstock 
from BCL and 40% from Agnew. The clo- 
sure dropped domestic refinery production 
12% from that of 1984. 

The U.S. Forest Service informed Califor- 
nia Nickel Corp., the U.S. exploration and 
mining subsidiary of Ni-Cal Development 
Ltd., that additional information was need- 
ed for the EIS on a proposed nickel bulk 
sampling operation at Gasquet Mountain. 
The administrative order rescinded the For- 
est Service District’s tentative approval of 
California Nickel’s operating plan. The 


company conducted additional studies on 
tailing characteristics to fulfill the addition- 
al requirements pursuant to the order. 

Ni-Cal Technology Ltd., another subsid- 
iary of Ni-Cal Development, received per- 
mission from the Del Norte County Plan- 
ning Commission in California to construct 
a research laboratory and an 85-ton-per-day 
demonstration plant near Smith River, CA. 
Ni-Cal Technology intended to test its acid 
leaching process, developed for the Gasquet 
Mountain deposit, at the facility preparato- 
ry to world marketing efforts. Environmen- 
tal groups brought court action against the 
commission, however, to block the approval. 
When the court judgment imposed addition- 
al environmental data-gathering require- 
ments on the company as a prerequisite for 
approval, Ni-Cal Technology dropped the 
pilot plant from further consideration. 

Davy McKee Corp. completed its prelimi- 
nary assessment of the Pine Flat nickel 
laterite deposit in northern California for 
Interstrat Resources Inc. The favorable as- 
sessment spawned a full engineering and 
cost study, initiated in November, on the 
feasibility of producing nickel, chromium, 
cobalt, and magnesium from the site. A 
sulfuric acid leaching system was contem- 
plated. 

In contrast to the minor domestic produc- 
tion of primary nickel, the production of 
domestic secondary nickel in the form of 
scrap recovery was a major source of nickel 
for many consumers. Since the Bureau of 
Mines documents only the recovery of nick- 
el in scrap that is consumed, recovery and 
consumption figures are essentially the 
same. Recovery of nickel in scrap increased, 
reflecting the availability of low-cost stain- 
less steel scrap, the major scrap form. The 
nickel recovered from scrap stainless steel 
was calculated from the gross weight of the 
scrap and an estimated nickel content of 
6%, which is the weighted-average content 
in all stainless steels produced since 1962. 
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Table 2.—Nickel recovered from purchased scrap in the United States, by kind of scrap 
and form of recovery‘ 


(Short tons of contained nickel) 


19847 1985 
KIND OF SCRAP 
re Ga Ee enee EE EE ee $4 " 303 
al MON ³Ä¹ͤ0muA... eae ð . hd ß E y 
Ferrous base CC U 8 35.760 941.151 
N ͥĩ⁰ↄ ⁰˙Ü⁰·ůUvid ⅛ A.AkAAAAAßAAdddd ³ ³ / 13.458 13.408 
TJ ³ð ³WA6A.. ] ⅛ BV ð]ðâd K ye ENDE A E 55.167 951.183 
FORM OF RECOVERY 

Aluminum base alloyyyhhhy⸗hynssssssssss s UE c4%44„46»ͤ ł ð4444„„„“ 2.547 118 
Chemical compounds dss „ 391 Ee 
Copper base alloys - - - onm redu mpm emm ee eect eiue d uL E 1,938 10.635 
FerrousalloyB. eode. iR ͥꝗ⁰m ⁰⁰ Ld D Ee EE 86,855 941,233 
étal 2. noe y ↄ ↄ dd ͤ Add ĩðͤ- ̃ĩð—âv ĩͤ v n p 
Nickel. Ä); ³⅛˙˙-öd1.. De ee ĩ dui aa 7,436 5.147 
Total SS scc elc aur c Lue LIRE Le es Bee ð ʒ 55,167 P57,183 

Estimated. Preliminary. "Revised 

CONSUMPTION 


Reported domestic primary nickel con- 
sumption decreased considerably from that 
of 1984. Consumption shrank in stainless 
and heat-resistant steels, alloy steels, 
copper-nickel alloys, and other nickel-based 
alloys. Nickel consumption gained appreci- 
ably only in superalloys and miscellaneous 
uses; in electroplating, it remained essen- 
tially unchanged. Despite the drop in re- 
ported consumption, the apparent primary 
consumption changed only slightly from 
that of 1984. The market was lethargic 
despite gains in such economic indicators as 
the gross national product, consumer pur- 
chases of durable goods, and construction 
spending. Clearly, factors in addition to the 
general economic health controlled nickel 
demand. The resultant diminishing “inten- 
sity of use" pervaded essentially all major 
nickel consuming industries. Other materi- 
als, particularly plastics, continued to be 
preferred over nickel in finished products 
used in nonstressful environments. A ubiq- 
uitous trend toward lightness and economy 
fostered these substitutions. Imports of 
nickel alloys and fabricated products con- 
taining such alloys also decreased domestic 
consumption of primary nickel. 

Commercially pure unwrought nickel 
(Class I) in the form of electrolytic cathodes, 
pellets, briquets, or powder again domi- 
nated the forms of primary nickel con- 
sumed. These forms comprised most of the 
nickel consumed in all products except in 


stainless and heat-resistant steels wherein 
they were a major but not dominant nickel 
source. Cathodes and pellets comprised 73% 
of the pure unwrought nickel. The Class II 
materials—ferronickel, nickel oxide, oxide 
sinter, and utility-grade nickel—were pri- 
marily used in producing stainless and 
heat-resistant steels. 

Consumption of nickel in scrap was a 
major form of consumption in stainless steel 
production. Since the value of stainless steel 
scrap was generally less than the value of 
the sum of its primary components (nickel, 
chromium, and iron), steelmakers charged 
furnaces with as much scrap as was avail- 
able. The nickel consumed as outside scrap 
(old and new scrap received by the consum- 
er from outside sources, generally through 
purchases) contributed an estimated 40% of 
the total nickel consumed in producing 
stainless steel, about the same as that of 
1984. Consumption statistics include only 
this outside scrap to avoid double counting. 

The use of scrap nickel in producing 
nonferrous alloys remained constant at 
about one-fourth of the nickel consumed in 
those alloys. About one-half of nickel in cast 
iron originated as outside scrap. For chemi- 
cals, essentially none of the nickel was 
secondary. For steel alloys, excluding stain- 
less and heat-resistant steels, less than 10% . 
of the nickel consumed was consumed in the 
form of outside scrap. 
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FORM USE 

Other forms (3%) 
Nicke! salts (2%) 
Nickel oxide (5%) 
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Stainless and 
heat-resisting steel 
(35%) 


D 
LNW 


Cathodes and pellets 
(55%) 


119,907 short tons 119,907 short tons 


Figure 1.—U.S. nickel consumption in 1985, by form and use. 


Table 3.—U.S. consumption of nickel, by form 


(Short tons of contained nickel) 
Form 1981 1982 1983 1984 1985 
Primary: 

Ferronickel. __ _ ___-_________-_----__-- -- 26,290 15,426 15,595 18,419 17,993 
Mala] ios eon EE EE 101,847 79,032 96,981 104,958 90,379 
Oxide powder and oxide sinter _____.____-_---- 9,412 4,196 9,670 7,087 6,297 
GUT eet % ch (K ³ eo a 4,197 3.874 4.402 2,962 2,770 
e he ang ioe Dea 3,105 1,453 1,197 3,435 2,468 
Total primary ____________________- 144.851 103981 127845 136.861 119.907 

ry (scrap? ft 43,768 35,690 42,034 49,649 543,903 
Grand totalll Le Lee 188,619 139,671 169,879 186,510 163,810 


PPreliminary. 

! Reported. 

*Metallic nickel salts consumed by plating industry are estimated. 

*Based on gross weight of purchased scrap consumed and estimated average nickel content. 
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Table 4.—U.S. consumption of nickel in 1985, by use 
(Short tons of contained nickel) 
pad her Second- 
Use ciall Ferro Nickel Nickel pri- Total e Grand 
pu a nickel oxide salts mary primary ( eid p) total 
nickel forms 
Castirons...______. ----- 729 356 98 W 337 1,520 1588 3.108 
Chemicals and chemical uses 1,580 aa 223 104 147 2,054 sem 2,054 
Electric, magnet, expansion alloys . 133 - epe "e 1 734 70 804 
Electroplating (sales to platers)! . _ 22,354 W W 2496 18 24,868 -- 24,868 
Nickel-copper and copper-nickel 
alloys. |... ..... 22- 3,895 Em 9 m 329 4,233 10,635 14,868 
eher nickel and nickel alloys ... 19,454 388 255 27 66 20,190 5,082 25,272 
teel: 
Stainless and heat-resistant _ _ _ 20.811 15,847 5,185 -— 78 41,921 526.055 67.976 
Alloys (excludes stainless 6,458 1,235 269 1,351 9.313 P290 9.603 
Superallo ys 13.361 W W W 105 13,466 148 13.614 
Ginge Se 1,004 167 258 143 36 1,608 35 1,643 
Total reported by companies 
canvassed __ ._-______ c2 90,379 17,993 6.297 2,770 2,468 119,907 43,903 163,810 
Total all companies, apparent 
primar XX XX XX XX XX 2161.93 P57,183 219,156 
*Estimated. — Preliminary. W Withheld to avoid disclosing company proprietary data: included with Other.“ 


XX Not applicable. 
Based on monthly estimates. 


includes batteries, ceramics, and other alloys containing nickel. 
U.S. production plus imports minus exports minus stock increases. 


STOCKS 


The combined stocks of primary nickel 
maintained in the United States by U.S. 
producers, foreign producers with U.S. sales 
offices, and metal trading companies with 
U.S. sales offices decreased sharply during 
the year. At yearend, these stocks repre- 
sented slightly over 1 month's domestic 
consumption. Much of the drop was attrib- 
uted to the closure of AMAX Nickel's refin- 
ery and the attendant liquidation of its 
inventory. 

Nickel stocks on the London Metal Ex- 
change (LME) remained fairly constant af- 
ter their big decrease in 1984. The yearend 
inventory was about 7,100 tons compared 
with 8,100 tons at yearend 1984. 


Consumer stocks declined steadily 
throughout the year. In December, a buying 
surge by a few companies, however, swelled 
the yearend inventory to nearly the same 
amount as at yearend 1984. Although con- 
sumer stocks averaged about 1 month's 
domestic consumption, the yearend level 
reached about 6 weeks' consumption. Stocks 
of nickel in ferrous scrap held by iron and 
steel producers were about the same at 
yearend as they were at yearend 1984. 

GSA received 5,014 tons of vacuum- 
melting-grade nickel, purchased in 1984, for 
the National Defense Stockpile. This raised 
the total nickel stocks to 37,223 tons, consid- 
erably less than the 200,000-ton goal. 


Table 5.—Nickel in consumer stocks in the United States, by form 
(Short tons of contained nickel) 


Form 1981 1982 1983 1984 1985 

Primary: 
Ferronickel --------------- 2,257 1,122 893 692 1,930 
Métal EE 18,355 16,743 17,359 17,479 13,754 
Oxide and oxide sinter `... 1,039 488 1,671 2.259 3,059 
Ü v 8 508 226 268 229 184 
Other ⁵˙ͥ² —Sꝛ! ] ⅛ 0 ͤ mr kee ee ote Sek 349 274 251 275 179 
Total primar 22,508 18,853 20,448 20,934 19,106 
Secondary (scrap) `. 11,326 10,004 10,304 6,520 P6320 
Grand totaaallll“l 33,834 28,857 30,752 127.454 25,426 

PPreliminary. "Revised. 
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PRICES 


The world nickel price was more volatile 
than it wag in 1983 and 1984. Fueled by 
concerns over the short-range supply of 
nickel, the price climbed steadily during 
most of the first half of the year. By May, 
the average monthly price exceeded $2.50 
per pound in the LME compared with $2.24 
per pound in January. In June, howev- 
er, supply concerns dissipated when the 
U.S.S.R. and Nonoc Mining and Industrial 
Corp., Philippines, renewed nickel ship- 
ments to the LME. In September, heavy 
shipments of ferronickel into European 
markets drove the nickel price lower, dem- 
onstrating the existence of a considerable 
oversupply of the material. The collapse of 
the International Tin Council's buffer stock 
acquisition program in October further low- 
ered the price amid concerns over the fu- 
ture trading of all base metals. The LME 


price eventually hit a 3-year low of $1.77 per 
pound before recovering at yearend. The 
weighted-average LME price for 1985 was 
$2.258 per pound for prompt delivery.* 

In the United States, the New York 
dealer selling price for electrolytic cathode 
nickel best indicated prices paid by domes- 
tic consumers. At a weighted-annual aver- 
age of $2.26 per pound, it closely paralleled 
the LME price. An overabundance of ferro- 
nickel kept its price lower than the cathode 
and briquet price despite the contained iron 
credits. Although the producer list prices 
remained about $3.20 per pound, major 
producers discounted nickel prices to levels 
that yielded 10 to 15 cents per pound more 
than the LME price. One producer, for 
instance, realized an average of $2.39 per 
pound for its nickel over the year. 


FOREIGN TRADE 


Since the U.S. net import reliance for 
nickel was 72%, nickel imports dominated 
trade statistics. Nickel originating from 
Canada comprised the major import ton- 
nage, especially considering that most of 
the nickel imported from Norway was 
mined and smelted in Canada before being 


shipped to Kristiansand, Norway, for refin- 
ing. Imports from Australia and Botswana 
remained important because nickel matte 
purchased from sources in those countries 
supplied AMAX Nickel’s Port Nickel refin- 
ery in Louisiana until it closed in Novem- 
ber. 


157,690 short tons 
Figure 2.—Major sources of U.S. primary nickel imports in 1985. 
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An international advisory panel to the 
General Agreement on Tariffs and Trade 
(GATT) recommended that voluntary re- 
straint agreements should be brought into 
conformance with GATT rules. The panel, 
which included a U.S. representative, con- 
cluded that trade agreements such as that 
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of steel between the United States and the 
European Economic Community, as well as 
the U.S. import restraints negotiated with 
Japanese automakers, violate the free trade 
principles agreed upon by GATT signatory 
nations. The recommendations reportedly 
may lead to a revamping of GATT. 


Table 6.—U.S. exports of nickel and nickel alloy products, by class 
(Gross weight unless otherwise specified) 


1983 1984 1985 
Class Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Primary: 
Cathodes, pellets, briquets 
(unwrought) ) 22,165 $99,097 25,997 $118,453 17,761 $86.596 
Electroplating anodes |... 177 1,235 140 965 132 965 
Ferronickel `, NA NA 7,880 NA 5,355 NA 
Powder and flakes 1,017 6,973 1,790 12,062 1,106 8,942 
!!! ie anae 23,359 107,305 785.807 131,480 24,354 96,503 
Nickel content!!! 23,359 XX 31,638 XX 21,745 XX 
Wrought: 
Bars, rods, angles, shapes, 
sectiongg 1.582 18.747 3.342 34.808 4,253 45,060 
Plates, sheets, strip. -------- 1,430 18,351 1,968 21,316 2,645 28,726 
Tubes, pipes, blanks, fittings, 
hollow [ue E 348 7,447 428 7,929 303 6,356 
Wire __________-_----- 1,039 8,831 1,119 11,166 954 9.147 
Nickel-compound catalysts _ _ _ _ __ 3,165 13,940 2,718 15.156 3,523 22.811 
Nickel waste and crab 12,990 17,106 13,143 23,566 15,397 26,705 
Grand total 43,913 191,727 158,525 245,421 51,429 235,308 
"Revised. NA Not available. XX Not applicable. 
Based on estimated nickel content and gross weight of primary nickel products. 
Source: Bureau of the Census. 
Table 7.—U.S. imports for consumption of nickel products, by class 
(Gross weight unless otherwise specified) 
1983 1984 1985 
Class Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Primary: 
Smelter products: 
Ferronickel `. 45,134 $65,264 43,048 $68,429 36,528 
Matte and/or salts (includes slurry) . . — 62,454 83,613 82,509 116,956 68,210 101,101 
Refined nickel: 
Cathodes, pellets, briquets 
(unwrought))ꝰ 90,839 418,943 103,017 461,37) 97,779 446,009 
Flakes: a ses ee 96 427 759 3.306 242 1.151 
Oxide and oxide sinter `.. ~- ------- 4,209 19,083 5,526 22.413 5.079 20,722 
Powder sooo wee ee ees 12,629 65,320 15,070 75,430 12,511 66,566 
Totül lol mmc 215,361 652,650 249,929 747,905 220,349 695,802 
Nickel content!lLl! 152,333 XX 176,715 XX 157,690 XX 
Wrought: 
Bars, plates, sheets, anodes 1,235 11,531 2,000 18,036 3,177 32.276 
Pipes, tubes, ſittingas gg 575 54,774 1.171 11.034 3.744 33,984 
Rods and wire `. 2,241 17,935 5,419 28,544 2,990 22,103 
Shapes, sections, anglmess 54 313 60 506 189 297 
Nickel waste and crap 6,071 17,691 6,199 20,542 5,552 16,430 
Grand total 225,537 154,894 264,118 826,561 236,001 801.592 


XX Not applicable. 
Based on estimated nickel content and gross weight of primary nickel products. 


Source: Bureau of the Census. 


NICKEL 


717 


Table 8.—U.S. imports for consumption of nickel products, by country 


(Short tons of contained nickel) 
Cathodes, pel- Powder and Oxide and oxide : Matte and salts* 
Country geg derum flakes sinter Ferronickel (includes slurry) 
1984 1985 1984 1985 1984 1985 1984 1985 1984 1985 
Australia .- 7,680 8.428 3,545 2.306 ia eee e -. 13481 7,803 
Botswana 75 Ee ENS aoe EM e ET -. 21,324 11,244 
Canada 55,689 52,130 10,644 8,438 4.255 3, 770 Ke 242 1,961 6,104 
Dominican Republic `... — SE 7 is Së — ae 8,291 7,754 dd na 
Finland - - ---------- 4,072 4,771 n in BO EM ES ded 122 41 
France `... 2,035 2,042 1 5 ya m ae as 89 242 
Germany, Federal Republic 
EE 536 56 166 223 ER m 5 299 257 175 
ap an 29 T" be es Se ES 877 are SS 28 
Netherlands 567 155 T ae Ls 54 E ER 9 12 
New Caledonia EUN 9 d t 2 zem 3,045 8,744 Se E 
NofWAy- ----------- 18,947 24,166 Be SÉ? ae eg = ae ae E 
Philippines 3.923 635 818 664 zs et TM om 26 ze 
South Africa, Republic of 3,64 2,298 419 659 m EN 10 20 4 4,182 
Sweden 566 30 4 17 E he. or ES 41 35 
USSR- ince 60 e m uet BE: P. zt "n Se 
United Kingdom ...... 878 417 170 231 M n" 15 "ib 3 2 
Zimbabwe 3,147 2.150 eae SC SS SES EM Sek ZE aes 
Other 849 494 2 215 = 87 3,604 683 444 631 
Total `. 103,017 97,779 15,829 12.753 4,255 3.911 15,847 12,742 37,767 30,505 
Estimated 
Source: Bureau of the Census. 
WORLD REVIEW 


Excess production capacity and oversup- 
ply dominated the world nickel industry. 
Although early in the year consumer con- 
cerns over possible shortfalls drove the 
price up, the physical shortages failed to 
materialize. Settlement of separatist strife 
in New Caledonia and requalification of 
Nonoc nickel briquets to satisfy LME con- 
tracts eliminated these potential shortages. 
The U.S.S.R. resumed shipments of nickel 
into the LME, and ferronickel producers 
flooded European markets. Furthermore, 
Falconbridge Nikkelverk A/S, Norway, and 
Sherritt Gordon, Canada, announced refin- 
ery expansions. Western Platinum Ltd. 
(Wesplat), Republic of South Africa, began 
building a refinery in the Republic of South 
Africa. In Zimbabwe, Rio Tinto (Zimbabwe) 
Ltd. (RTZ) reopened its refinery to further 
swell effective nickel capacity. These expan- 
sions more than offset the strikes and peri- 
odic technical difficulties experienced dur- 
ing the year by several major producers. 
Instead of the anticipated shortages, world 
Plant production actually rose slightly 
above the 1984 figure. By yearend, prices 
plummeted to their lowest point since 1983. 

A major revamping of nickel traffic pat- 
terns emerged from closure of AMAX Nick- 
el’s refinery. BCL matte, previously shipped 
to the refinery, instead was shipped to the 
Falconbridge Nikkelverk refinery in Nor- 


way and the RTZ refinery in Zimbabwe. 
Matte from the Agnew Mine in Australia 
was resold by AMAX Nickel to Sherritt 
Gordon and Outokumpu. 

Representatives of countries seeking to 
form an International Nickel Discussion 
Group (INDG) gathered in Geneva, Switzer- 
land, during the first week in November for 
another in a series of formative meetings. 
The United States sent an observer. Repre- 
sentatives attended from all of the nickel 
producing countries, except China, and 
from the major consuming countries. Scope 
and objectives of the proposed INDG were 
completed; most rules were established. 
Two issues remained outstanding: (1) 
whether or not to share a secretariat with 
the International Lead and Zinc Study 
Group and (2) the formula for financing the 
organization. Regarding the first issue, one 
proposal was for an autonomous three- or 
four-person secretariat. The probable fi- 
nancing plan featured a two-part budget. 
One portion would be shared equally by all 
participating countries; the second would be 
prorated, based upon the member’s share of 
the world nickel trade. 

The Nickel Development Institute, found- 
ed in 1984, began operating in 1985 as a 
nonprofit organization dedicated to provid- 
ing applications information on nickel, con- 
ducting nickel market research, and devel- 
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oping new markets for nickel. Headquar- 
tered in Toronto, Canada, the institute was 
supported by 14 major nickel producing 
companies. It began publishing the quarter- 
ly publication "Nickel" in September to 
disseminate information to industrial sec- 
tors. 

Albania.—The year 1985 marked the end 
of Albania’s seventh 5-year plan, which 
included an emphasis on boosting mine 
output. Nickeliferous iron ore annual pro- 
duction increased 91% over the annual 
amount produced in 1981, the first year of 
the plan. Discussions reportedly were held 
with Yugoslavia pursuant to possible ex- 
ports of the ore to the Kosovo smelter. 

Construction continued on a nickel-cobalt 
cathode refinery being built at Elbasan by 
the West German company Salzgitter AG 
using technology supplied by Inco Ltd. 

Argentina.—At Las Aguilas near San 
Luis, a detailed exploration program spon- 
sored by the Dirección General de Fabrica- 
ciones Militares identified 2.75 million tons 
of sulfide ore grading 1.3% to 2% nickel 
with considerable copper and cobalt con- 
tent. Feasibility studies have not establish- 
ed commercial viability of production. Con- 
sidering the weak nickel market and lack of 
mining infrastructure in the region, mine 
development is unlikely in the near future. 

Australia.—A major rock fall in the Ag- 
new Mine in Western Australia during 
January drastically altered the mining plan 
and reportedly cut production by at least 
20% for several months. After AMAX Nick- 
el decided to close its refinery in Louisiana, 
the matte from the Agnew Mine was sold to 
the Sherritt Gordon refinery in Canada and 
Outokumpu's refinery in Finland. Western 
Mining Corp. Ltd. (WMC) continued toll 
smelting the ore into matte at its Kambalda 
plant. 

Nickel production in Australia received a 
boost with the return of the Greenvale Mine 
and Yabulu refinery to essentially full-scale 
production. Owned by Metals Exploration 
Ltd. and Freeport Queensland Ltd., the 
refinery operated at 70% of capacity in 
1985. 

WMC suffered several strikes. During 
March, lifter operators struck for 16 days in 
the Kambalda District. Underground min- 
ers at Kambalda struck for 11 days in July, 
after which mill workers went on strike for 
2 days. Smelter and refinery output were 
not greatly affected, and production for the 
Australian fiscal year, which ended July 
1985, remained close to that of fiscal year 
1984. 
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Metals Exploration reopened the Nepean 
Mine, which had been mothballed since 
1983. Ore from the mine was shipped to 
WMC for smelting into nickel matte. Ap- 
proximately 275,000 tons of ore grading 
2.7% nickel constitute enough mine re- 
serves for 2 years of operation. 

Mine production kept Australia in third 
place among world producers of nickel. 

Bolivia.—The Eastern Bolivia Mineral 
Exploration Project, jointly conducted by 
the Bolivian and British geological services, 
revealed a significant laterite nickel deposit 
in eastern Bolivia. The Rincon del Tigre 
deposit reportedly contains 3.3 million tons 
of material grading 3% to 11% nickel. 

Botswana.—AMAX Nickel released BCL 
from the contract to supply AMAX Nickel 
with matte from the Selebi and Phikwe 
Mines in Botswana. BCL began to fulfill the 
contract signed earlier in 1985 to supply 
matte to Falconbridge Nikkelverk’s refin- 
ery in Norway and RTZ's Eiffel Flats refin- 
ery in Zimbabwe. Small amounts of matte 
reportedly were also shipped to Bindura 
Nickel Corp. Ltd.’s smelter in Zimbabwe 
and to Matthey Rustenburg Refiners (Pty.) 
Ltd.s refinery in the Republic of South 
Africa. 

Canada.—Early in the year, the Canadi- 
an Government announced that it will pro- 
vide financial assistance to Canadian smelt- 
ers in order to ensure that smelters are able 
to achieve the Government's goal of reduc- 
ing by 50% sulfur dioxide (SO,) emissions by 
1994. Inco agreed to comply with the limits, 
feeling that they could be reached by retro- 
fitting existing equipment. At yearend, 
however, Ontario imposed tough new SO, 
emission standards on nickel smelters op- 
erated by Inco and Falconbridge Ltd. in the 
Sudbury District. Inco must reduce its emis- 
sions from present limits of 755,000 to 
292,000 tons per year by 1994. Falconbridge 
must lower its emissions from 170,000 to 
110,000 tons per year. 

Canada was second behind the U.S.S.R. in 
nickel mine production. 

Inco, the largest nickel producer among 
market economy countries, posted its first 
annual profit since 1980. The profit oc- 
curred primarily through stringent cost- 
cutting efforts and modest nickel price 
hikes in the first half of 1985. 

To reduce its work force, Inco offered 
several early retirement incentives. In an 
additional streamlining move, Inco halted 
electrolytic nickel refining at its Port Col- 
borne refinery in favor of producing utility- 
grade nickel from its high-purity pellets. 
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The company thus concentrated its cathode 
nickel production at the Manitoba oper- 
ations. Utility-grade nickel was deemed 
more economical to make from the pellets 
than from the formerly used nickel oxide 
because byproduct cobalt was recovered 
during pellet production. 

. Inco employees at the Sudbury and Port 
Colborne operations voted to accept a labor 
contract agreed upon by the company and 
the employees’ union. The 3-year contract 
links base-pay raises and cost-of-living ad- 
justments to the price of nickel. Falcon- 
bridge Ltd. and its labor union also agreed 
to a new 3-year labor contract for the Sud- 
bury District mines. Sherritt Gordon reach- 
ed accord with the union at its nickel re- 
finery in Alberta. 

Falconbridge announced a major 3-year 
expansion program for its Craig Mine near 
Sudbury. The development work is neces- 
sary to boost production after the prema- 
ture closure of the Falconbridge No. 5 shaft 
in 1984. 

Sherritt Gordon reported significantly in- 
creased nickel production and sales. As a 
consequence of obtaining nickel matte for- 
merly sent to AMAX Nickel's refinery, the 
company expanded its Fort Saskatchewan 
refinery capacity from 22,000 to 25,000 tons 
per year 

Hudson Bay Mining and Smelting Co. 
Ltd. delineated a copper-nickel deposit be- 
neath Namew Lake near Flin Flon, Manito- 
ba. Containing approximately 1.3 million 
tons of ore, the deposit averages approxi- 
mately 2.8% nickel with 0.7% copper. Prox- 
imity to other ing districts in Manitoba 
favors eventual development of the deposit 
despite currently depressed nickel markets. 

China.—At the Tokyo, Japan, trade fair, 
the China National Nonferrous Metals In- 
dustry Corp. announced plans to double the 
present capacity of its Jinchuan nickel mine 
in the Gansu Province by 1990. Present 
capacity is 22,000 tons per year of cathode 
nickel. China signed an agreement with a 
Swedish consortium, including Boliden AB, 
to provide technology for the expansion. A 
conversion to undercut-and-fill mining 
highlights the desired technology. The ex- 
pansion could convert China from a nickel 
importer to an exporter. 

The Bechtel Group Inc., San Francisco, 
CA, and Galactic Resources Ltd., Canada, 
joined the large list of companies from 
market economy countries that signed coop- 
erative agreements for mineral develop- 
ment in China. Galactic established a joint 
venture for developing a massive polymetal- 
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lic sulfide deposit in the Xinjiang Uygur 
Autonomous Region in western China. The 
Bechtel letter of intent involved engineer- 
ing and construction for mine development. 

Colombia.—Shortly after rebuilding a 
ferronickel smelter furnace over a 2-month 
span, Cerro Matoso S.A. closed its smelter 
following another furnace failure in Au- 
gust. The Colombian producer did not pro- 
duce ferronickel again until October. AL 
though earlier in the year the smelter had 
been operating close to its effective capacity 
of 25,000 tons per year of nickel in ferro- 
nickel, the 5-month shutdown significantly 
curtailed its 1985 ferronickel production. 
The company was able to reschedule its 
debt with international banks in order to 
defer a portion of that debt until 1987. 

Cuba.—Although Cuba's new Punta Gor- 
da nickel refinery was scheduled to open 
late in 1984, it apparently was not inaugu- 
rated until November 1985 and did not 
achieve commercial production during 1985. 
Although Cuba expects plant capacity to 
eventually reach 33,000 tons per year, the 
immediate production goal ranges from 
5,500 to 8,300 tons per year. 

Meanwhile, construction proceeded on 
the Las Camariocas plant. An agreement 
between Cuba and Hungary infused more 
funds into the project. 

Dominican Republic.—Falconbridge Do- 
minicana C. por A. shipped more nickel in 
ferronickel than it did in each of the previ- 
ous 11 years. On December 20, the ferro- 
nickel smelter began a 5-week shutdown to 
facilitate planned furnace maintenance and 
to reduce ferronickel inventories. The 1985 
production was achieved with one furnace 
operating out of three available for duty. 

Finland.—Outokumpu, the large state- 
controlled mining and metals group, contin- 
ued developing the Enonkoski Mine in east- 
ern Finland. At Laukunkangas near Savon- 
linna, the mine began production at year- 
end. The underground mine was expected to 
provide 440,000 tons of ore per year from 
sublevel stoping operations. The company’s 
Harjavalta smelter experienced technical 
difficulties with its flash furnace for several 
weeks, necessitating production from a 
more expensive electric furnace. 

France. iété Métallurgique le Nickel 
(SLN) was restructured into Eramet-SLN, 
retroactive from January 1, 1985. Share- 
holders remained unchanged. The compa- 
ny's New Caledonia operations were placed 
in a separate, 100%-owned subsidiary, 
LeNickel-SLN. Eramet-SLN purchased all 
nickel produced by LeNickel-SLN except 
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the ore sold to Japanese smelters. 

The French mint decided to replace its 
present 10-franc coin with one of pure 
nickel. The plans called for producing 600 
million coins with 4,300 tons of nickel over 
the next 5 years. Eramet-SLN was expected 
to supply most of the nickel. 

Greece.—Larco S.A.'s ferronickel smelter 
at Larymna near Boeotia experienced a 2- 
week strike early in 1985. In February, 
shortly after the strike was settled, one of 
its furnaces exploded when slag leaked into 
a pool of water. The smelter resumed pro- 
duction in March at about 80% of capacity, 
up from the 50% to 60% utilization in 1984. 

India.—Progress was made on plans for 
development of a ferronickel complex. The 
Industrial Promotion and Investment Corp. 
of Orissa procured a letter of intent from 
involved Government agencies to develop a 
15,000-ton-per-year plant near Cuttack. The 
plant would be built adjacent to the corpo- 
ration's Jaipur Road ferrochromium plant. 
Land, electric power, and transportation 
are readily available. Since early develop- 
ment of domestic deposits is unlikely, im- 
ported ore is the most likely source of 
material. 

Indonesia.—P.T. International Nickel In- 
donesia lost an estimated production of 500 
to 750 tons of nickel in matte when one 
furnace in its smelter overheated. The re- 
sultant damages shut the furnace down for 
repairs several weeks during May and June. 
Despite the damage to the smelter, nickel 
matte exports from Indonesia jumped 30% 
above those of 1984. 

Ni-Cal Technology signed a letter of in- 
tent with P.T. Aneka Tambang (Antam), 
the Government-owned nickel mining oper- 
ation, to establish a joint nickel-cobalt proc- 
‘essing venture. The proposed plant would 
be built at Antam's Gebe Island laterite 
deposit. The plant's acid leaching technolo- 
gy would be adopted from technology devel- 
oped by Ni-Cal Technology for the Gasquet 
Mountain deposit in the United States. 
Antam considered the technology as a possi- 
ble method of producing pure forms of 
nickel to increase profitability. 

Japan.—Ferronickel production increas- 
ed significantly in 1985 compared with that 
in 1984, offsetting declines in pure metal 
production. Demand for primary nickel 
dropped, as evidenced, for example, by 
sharply lower consumption of nickel in the 
Ni-42 alloy used in integrated circuitry. Pri- 
mary nickel stocks remained high through- 
out the year. The high inventories accrued 
in part owing to a supply contract with 
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the Soviet export agency Raznoimport, pre- 
venting stock levels from responding to the 
shrinking demand. Resumption of nickel 
shipments from Nonoc also contributed to 
the heavy flow of nickel into the country. 

Citing financial losses by its ferroalloys 
industry, Japan approved a plan submitted 
by its Ministry of International Trade and 
Industry to provide financial assistance to 
those producers under the Structural Re- 
form Law. The plan called for a 1296 reduc- 
tion in smelting capacity by the four leading 
ferronickel producers in exchange for sub- 
stantially reduced fixed property taxes. The 
law also provided tax credits for upgrading 
facilities. Since production in 1984 averaged 
about 57% of capacity, the closures will not 
result in a production cut. 

Meanwhile, Japan encouraged increased 
nickel imports by accelerating by 2 years 
the planned tariff reduction for nickel met- 
al, nickel oxide, and ferronickel. The tariff 
on ferronickel, for instance, will decrease to 
6.5% from 8.3%, effective April 1, 1986. 

New Caledonia.—Mining and smelting 
facilities owned by SLN in New Caledonia 
were restructured to comprise a new corpo- 
rate subeidiary, LeNickel-SLN, effective 
January 1, 1985. 

Political violence associated with the Ka- 
nak separatist movement adversely im- 
pacted the nickel mining operations. Raids 
during January shut down the major nickel 
mines, damaging equipment at the Camp 
des Sapin Mine near Thio and the Meaba 
Mine at Kouaoua. By March, however, SLN 
had reopened its Le Plateau Mine, closed 
since the outbreak of violence late in 1984. 
SLN also reported that the Meaba Mine was 
operating at 100% of capacity. A flareup of 
separatist activity in August closed the 
mines again for 1 week, but without addi- 
tional damage to the facilities. Owing to 
high stockpiles of nickel ore, augmented by 
ore purchased from the several small inde- 
pendent miners on the island, SLN’s Don- 
iambo smelter near Nouméa maintained 
production throughout the crisis. Ferronick- 
el production in 1985 eventually far exceed- 
ed that of 1984. 

Norway.—Falconbridge Nikkelverk suc- 
cessfully negotiated a contract to receive 
the bulk of BCL’s nickel matte production 
until the end of the century. The negotia- 
tions prompted the company to initiate a 3- 
year, $43 million expansion program at the 
Kristiansand refinery. Refinery capacity 
was expected to increase by 33% to 60,000 
tons upon completion. Even before the ex- 
pansion was initiated, the refinery supplied 
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a significant portion of the primary nickel 
purchased by U.S. consumers. Its primary 
feed source remained company mines in the 
Sudbury District of Canada. 

Philippines.—Production of briquet nick- 
el resumed after Nonoc repaired damage 
inflicted to its refinery during the 1984 
typhoon. Production rates gradually picked 
up during 1985. Marc Rich & Co. AG. 
supplanted Philipp Bros. Inc. as sole Nonoc 
sales agent outside of Japan. This shift 
spawned several unsuccessful court chal- 
lenges by Philipp Bros., hampering nickel 
movements. Nonoc eventually registered its 
briquet on the LME, facilitating sales of the 
product. 

Ni-Cal Technology reportedly entered in- 
to an agreement with the Surigao Nickel 
Development and Industrial Corp. to devel- 
op and process the Catilian nickel laterite 
deposits. The deposits are approximately 
100 miles from the nickel refinery at Suri- 
gao. Under the agreement, Surigao Nickel 
would mine and process the ore using Ni- 
Cal Technology's acid leaching process. The 
letter of intent parallels one signed in 1984 
by Ni-Cal Technology and Nonoc. 

South Africa, Republic of.—Wesplat 


neared completion of a new base metal 
refinery at the Marikana platinum mine 
near Rustenburg in Transvaal. The new 
refinery was to produce byproduct nickel 
sulfate at a rate of 2,200 tons of contained 
nickel per year using Sherritt Gordon tech- 
nology employing a sulfuric acid leach. 
Meanwhile, concentrates from the platinum 
mine were shipped to Falconbridge Nik- 
kelverk's refinery in Norway for extracting 
nickel, copper, and cobalt. The residue was 
then returned to Wesplat for precious met- 
als recovery. Several scattered short labor 
disputes failed to significantly disrupt mine 
production at company mines. 

U.S.S.R.—In late 1984, the U.S.S.R. 
changed its nickel sales policy to push for 
direct, long-term sales contracts with con- 
sumers rather than relying on sales to 
trading companies. The terms of the con- 
tracts fell from favor among consumers, 
however, as the nickel price and demand 
slipped. Negotiations initiated in 1985 for 
1986 nickel purchases consequently marked 
a return to sales through traders. 

Nickel mine production estimated for the 
U.S.S.R. increased slightly, allowing it to 
regain the production lead from Canada. 


Table 9.—Nickel: World mine production, by country! 


(Short tons of nickel content) 
Country 1981 1982 1983 1984" 1985° 

Albania (content of ore - - 6.200 6,400 6,400 6,600 6,600 
Australia (content ofconcentrate). ____ ______ 81,963 96,510 84,465 83,653 293,700 
Botswana (content of matte! 18,200 19,573 20,019 *19,300 20,000 
Brazil (content of ore): : : 71.239 715,929 17,153 23,887 26,000 
Burma (content of speiss)® — _. ve^ 322 22 22 22 22 
Gunde? <= mm: Be — 176,642 197.644 141.220 192.017 167,000 
China* Mr gp. E eque 12,000 13,200 14,300 15,400 22,000 
Colombia (content of ferroalloys) ) 71,455 14,400 18,810 13,000 
Cuba (content of oxide, sinter, sulfide) |. . ... 42,489 39,790 41,487 35,087 35,700 
Dominican Republic. |... 2... 20,601 15 926 21.552 26.371 29.000 
Finland (content of concentrate 7,566 "6,980 5,858 7,638 7,200 
German Democratic Republic — 3,000 2,800 2,400 "2,200 1,800 
Greece (recoverable content of ore)? * SR Zen 217,200 5,500 18,500 18,400 19,000 
Indonesia (content of ore) 53,848 50,578 54,430 52,474 54,000 
Morocco (content of nickel ore and cobalt ore) ` ` . 144 140 2 * b 
New Caledonia (recoverable content of ore) Se 86,079 66,250 50,885 F *63.000 80,400 
Norway (content of concentrate) 8 1551 1551 500 600 600 
qo See "T 32,239 721,643 15,322 14,993 30,300 
Poland (content oſ ore . |. 2.300 2.300 2.300 2.300 2.200 
South Africa, Republic o 229,100 24,250 22,600 27,600 27,600 
U.S.S.R. (content of ore“ : 174,000 182,000 187,000 192,000 198,000 
United States (content of ore shipped) - — — _ _ _ - 12,099 3,203 14,540 26,127 
Yugoslavia (content of ore mi 72.200 4,400 3.300 4,400 5,500 
Zimbabwe (content of concentrate 2 14,350 14,611 11,186 11,300 11,000 

Total soe rh es Dm RD co dades 7800,032 T681,715 135,359 832,592 856,749 


"Estimated. "Preliminary. "Revised. 
Insofar as possible, this table represents recoverable mine production of nickel; where data relate to some more highly 
ned form, the figure given has been used in lieu of unreported actual mine output to provide some indication of the 
magnitude of mine output and is so noted parenthetically following the country name, or by footnote. Table includes data 
available through May 13, 1986. 


figure. 
* Refined nickel and nickel content of oxides and salts produced, plus recoverable nickel in exported mattes and speiss. 
“Includes a small amount of cobalt not reported or recovered separately. 
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Table 10.—Nickel: World plant production, by country! 
(Short tons of nickel content) 


Country? 1981 1982 1983 1984P 1985* 

Australia  — 9 omes Lour ud 8 46,854 50.630 46.077 42.615 44.982 
˖ nne nonc ↄ ↄ ee C E 2.574 r3 826 9.165 10,127 13,200 
WE EE 120,486 64,635 €96,100 €114,600 100,300 
China t x i ³ĩÄV⅛,id 12,100 13,200 14,300 15,400 22.000 
Colombiat clo mL y c 11.455 14,396 18.810 13.000 
er arora Set e ⁰Ü¹wm he S a 9,355 T9 922 10,298 9,311 9.310 
Czechoslovakia 11, 800 71,700 T3.300 75,000 5,000 
Dominican Republic* 222 PR eae As 20,601 5.812 23,369 26.698 428.450 
Finland. CÜ·Üð²᷑¹˙1¹rr“ ² ↄ Ay ³ð³³A mw... ꝛ⅛ rd ee 14.672 13.906 16,355 16,846 17,300 
Francet EE 11,079 8,114 8,047 5,151 5,500 
German Democratic Republic? 7c 8,100 3,300 3,300 3,300 3,300 
Germany, Federal Republic oft)) 1,320 1,320 1,320 1,100 1,100 
e T Mie aa Se e 14,000 €5,000 14,174 17,448 17,600 
inden ³«i eeu 5,184 5.523 5,352 5.320 5.500 
Japan RR Sd 95,679 91.886 76.667 81.789 485,419 
New Caledonia 30.853 30,871 23,939 32,141 *40,108 
NORWAY? o ˙ãPV˙! ]7ꝛ˙éß ⁵¾ .. ³ĩ»WQ. 8 140,135 128,476 31.205 39.185 941.351 
Fir ee ees 23.683 112.371 6,721 3,889 418.360 
PPC ³ð . ĩ ⁵ð ĩ ⁵ e ln EES 12.300 12300 T2 300 T2 300 2.300 
South Africa, Republic oůoůlsW !!!! 19.800 15.900 €18,740 22,597 22,000 
USSR- casn lk ee ro ibe eee Mes dee tL 196,200 198,400 204,000 214.000 2.20. 000 
United Kingdom... 22222-2222 2222-7 21,999 7,606 25,514 24,582 15,400 
United States LLL LLL LLL „„ 48,805 44,956 33,400 44,933 36.382 
Yugoslavia* J ]0·¹ ¹]ͥÜ n 1,700 1,700 2,200 3,300 
KANN, TTT WEE *13.200 *13,200 11,184 11,300 11,000 

Ot st ne nre Ee a eS "762,379 "636,009 700,983 111,242 132,223 


Estimated. Preliminary. Revised. 


! Refined nickel plus nickel content of ferronickel produced from ore and/or concentrates unless otherwise specified. 
Table includes data available through May 13, 1986. 

3In addition to the countries listed, North Korea is believed to have produced metallic nickel and/or ferronickel, but 
information is inadequate for formulation of reliable estimates of output levels. Several countries produced nickel- 
containing matte, but output of nickel in such materials have been excluded from this table to avoid double counting. 
Countries producing matte include the following, with output indicated in short tons of contained nickel: Australia: 
1981—36,223; 1982—54,444; 1983—54,900 (revised, estimated); 1984— 56,330; and 1985— 56,858; Botswana: 1981— 20,143; 
1982—19,573; 1983— 20,080; 1984—20,507 (revised), and 1985— 20,500 (estimated); Indonesia: 1981— 21,980; 1982— 15,156 
(revised); 1983—-20,159 (revised); 1984—25,149 (revised); and 1985— 27,900 (estimated); and New Caledonia: 1981— 16,954; 


1982—7,875; 1983— 5,046 (revised); 1984— 6,219 (revised); and 1985—9,233. 


*Refined nickel plus the nickel content of oxide. 
*Reported figure. 


Nickel content of ferronickel only. (No refined nickel was produced.) 
*Includes nickel content of refined nickel, nickel oxide, and nickel matte; from 1982, the totals for France are 


production of nickel cathodes only. 


"Content of granular nickel oxide and powder only; Cuba also produces nickel oxide sinter and a processed sulfide. but 


these are not included in order to avoid double ep DAT as they may be 
52 (revised); 1983— 12,723 (revised); 1984—-9,804 (revised); and 


was as follows, in short tons: 1981—13,354; 1982—12, 


ed to metal elsewhere. Output of sinter 


1985—9,900 (estimated). Output of processed sulfide was as follows, in short tons: 1981— 19,779; 1982—16.916 (revised, 
1983— 18,466 (revised); 1984— 15,971 (revised); and 1985— 16,400 (estimated). 


*Includes nickel content of nickel alloys. 


United Kingdom.—Inco Europe Ltd., a 
subsidiary of Inco Ltd. shut down the 
Clydach refinery for 3 months early in 1985. 
The shutdown stemmed from the company's 
desire to reduce stocks to a level consistent 
with market conditions. Approximately 370 
of the refinery's 537 workers were layed off 
during the shutdown, and the permanent 
staff was reduced by 69 by yearend. Nickel 
chloride and sulfate production continued 
during closure of the nickel pellet and 
powder facility. The plant resumed produc- 
tion in April at about 50% of its capacity. 

Yugoslavia.—Rudnik i Topionica Fero- 
nikl brought a second furnace line on- 
stream at its Kosovo ferronickel smelter. 
The startup raised production to about 30% 


of the plant's expected capacity. Ferronickel 
was exported to Austria, the Federal Repub- 
lic of Germany, and Italy. Discussions re- 
portedly were held with Albanian officials 
regarding processing of Albanian nickelifer- 
ous iron ore at the Kosovo smelter. 

The Government solicited buyers for the 
plant equipment from the Kavadarci smelt- 
er. The plant closed in June 1984 after only 
2 years of operation. 

Zimbabwe.—The Eiffel Flats refinery 
reopened in August to process matte pur- 
chased from BCL. The refinery, operated by 
Empress Nickel Mining Co. Ltd., a subsid- 
iary of RTZ, produced cathode nickel by 
yearend at close to its target rate of 400 tons 
per month. 
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TECHNOLOGY 


Mining and Processing.—Inco Ltd. con- 
tinued to focus its attention on new techni- 
cal developments that could improve pro- 
ductivity and safety in its underground 
mines. For improved ground support, a 
spray-on, fiberglass-reinforced epoxy resin 
was developed to reduce time-consuming 
rock bolt installation. Modifications were 
made to the continuous loading machine 
marketed by its subsidiary, Continuous 
Mining Systems Ltd. (CMS), to enable the 
loader to discharge onto a conveyor that 
follows the machine as it moves through the 
muck. CMS also participated in the develop- 
ment of a conveyor belt that goes around 
corners. 

France continued to pioneer the develop- 
ment of equipment for recovering seafloor 
nodules. A consortium of French ocean 
mining companies, in conjunction with the 
French National Center for Ocean Exploita- 
tion, developed two totally autonomous, re- 
motely operated submarine vehicles. The 
vehicles can be accurately guided to specific 
spots of the ocean floor at depths to 6,000 
meters. One vehicle, the Epaulard, equip- 
ped with lights and cameras for reconnais- 
sance, has completed 100 dives. The other, 
PLA 2, was designed to move along the 
ocean floor on tracks, scooping up nodules 
before returning to the mother ship. The 
battery-operated vehicle is controlled by a 
microprocessor. 

Numerous research programs were de- 
voted to the recovery of nickel from spent 
petroleum catalysts. AMAX Nickel suc- 
cessfully completed a pilot program on its 
process at its shuttered Port Nickel refin- 
ery. The experiments were conducted under 
a joint program with Catalyst Recovery Inc. 
and Shell Chemical Inc. The AMAX Nickel 
process yielded a nickel-cobalt sulfate that 
can be sold as is or reprocessed into pure 
metal. 

Nickel Products.—Allied Corp. an- 
nounced the development of a new nickel 
alloy, Altraloy, that may replace gold in 
some electronic circuit applications. AL 
though gold traditionally is used because it 
resists corrosion and has a low contact 
resistance, the new alloy reportedly has 
similar properties at a lower cost.‘ 

Wall Colomony, United Kingdom, offered 
a new nickel-based hard-surfacing alloy as 
an alternative to cobalt-based ones. This 
new alloy is claimed to be easy to deposit 
and self-fluxing, in addition to being wear 


resistant. 

Developments in amorphous powder met- 
als continued to mount. Allied, one of the 
leaders in such developments, produced a 
nickel-molybdenum-boron alloy with supe- 
rior hardness and toughness properties us- 
ing an extrusion process. 

End Uses.—Cummins Engine Co. receiv- 
ed the first commercial license to produce a 
new nickel-aluminide alloy for use in diesel 
engines and turbochargers. The alloy, con- 
taining 85% nickel, is 10% lighter than 
present superalloys. It contains no chromi- 
um or cobalt, which should reduce reliance 
on these strategic materials. More impor- 
tantly, the alloy offers advantageous per- 
formance characteristics at high tempera- 
tures over those of current superalloys and 
was expected to replace the current ones in 
many applications. 

The United States Steel Corp. became the 
second major U.S. company to recently 
introduce a nickel-coated terne sheet into 
its product line. Formed by electroplating 
nickel onto cold-rolled steel sheets before 
they are dipped into the lead-tin alloy terne 
bath, the sheets are much more corrosion- 
resistant than nonnickel terne sheets. With 
numerous applications in the automobile 
and heat and air-conditioning industries, 
the new product offered excellent opportu- 
nities for significantly increasing nickel 
sales in the United States. 

Potential applications proliferated for ni- 
tinol, a nickel-titanium alloy developed by 
the Naval Ordnance Laboratory in White 
Oak, MD. The material features the unique 
ability to retain a memory of its original 
shape and to return to that shape upon 
reheating. Nitinol engines have attracted 
much attention because of their potential to 
run only on minimal heat energy. The 
material also looks promising for a variety 
of surgical applications including bone set- 
ting, correction of scoliosis, and reinforce- 
ment of artery walls. Switches for fire 
alarm systems, automatically opening win- 
dows, and supports for brassieres are other 
successful applications of nitinol.* 

Renovation proceeding on the Statue of 
Liberty features a high-nickel-content stain- 
less steel support structure for the copper 
external skin. The 23 tons of material (most- 
ly type 316 L), donated by several domestic 
producers, replaces the original iron sup- 
port structure that was prone to corrosion.* 
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! Physical scientist, Division of Ferrous Metals. 

*U S. Department of the Interior, Bureau of Mines staff, 
and U.S. Department of Commerce, Basic Industries Sec- 
tor staff. Domestic Consumption Trends, 1972-82, and 
Forecasts to 1993 for Twelve jor Metals. BuMines OFR 
21-86, Jan. 1986, 158 pp. 


3Metals Week. Metals Week Annual Prices. V. 51, No. 2, 
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Jan. 13, 1986, p. 10. 


*American Metal Market. New Nickel Alloy Could 
Replace Electronics Gold. V. 93, No. 185, p. 5. 

Morris, S. Games. Omni, v. 8, No. 8, May 1986, pp. 148- 
149. 


*Bowers, E. W. 55 Phoenix Q., 
v. 17, Summer 1985, pp. 2-6 


Nitrogen 


By Charles L. Davis! 


U.S. production of anhydrous ammonia, 
82.2% nitrogen, was about the same as that 
of 1984. The total value of ammonia pro- 
duced and sold decreased to about $1.8 
billion. The value of apparent consumption 
decreased to about $2 billion. Production 


in Current Industrial Reports, Inorganic 
Fertilizer Materials and Related Products, 


tion estimates were supplied for reports not 
received in time for tabulation. These data 
are shown in table 1. 


(Thousand short tons of contained nitrogen) 


1981 1982 1983 1984 1985? 
United States: ; 15 ous 11 : 
Production? $ `... 1 1 18,368 1 
gege, f Se ee 8206 i 910 [^ 488 10010 
Imports for conaumpt iu 1.719 1,787 2,169 609 2,806 
JJJJCCVꝙꝙĩ—!ꝓ IER ERE Dna cle EE 16,467 14,145 18,719 15,846 14,439 
World: Production .--------------------------- 784,847 88,630 86,560 — P93,029 
Estimated. Preliminary. i 
‘Synthetic anhydrous ammonia and coke oven ammonia. 
"Coke oven ammonia not available for 1965. 


for 
"Includes producers’ stock changes in synthetic anhydrous ammonia and coke oven ammonia. 


DOMESTIC PRODUCTION 


Monthly production in 1985 remained 
above that of 1984 through July, then de- 
clined each month for the remainder of the 
year. The greatest production occurred in 
March, nearly 1.5 million short tons, and 
the lowest in December, almost 1.2 million 
tons. Several ammonia plants were closed 


because of poor markets; two closed because 
of explosions at the plant. By yearend, a 
total of about 2 million tons of plant capaci- 
ty was closed for an indefinite period. Am- 
monia was produced by 43 companies at 55 
plants in 23 States. 
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Table 2.—Fixed nitrogen production in the United States 
(Thousand short tons of contained nitrogen) 


1981 1982 1988 1984 1985 
Ammonium compounds, coking plants: 
Te WEE 2 5 5 5 NA 
Ammonium phosphate’ ))) à OH à (*) NA 
Ammonium sulfate? _____________________- 15 56 46 54 NA 
Anhydrous ammonia, synthetic plant 15,655 12,968 11,246 18,809 18,238 
Total oe ens ͥ ͥ ͥ ince 8 15,782 18,029 11,297 18,868 18,238 
PPreliminary. NA Not available. 
1Quarteriy Coal Report, U.S. Department of Energy, Jan.-Mar. 1985, published July 1985. 
?Included with ammonium sulfate to avoid disclosing company proprietary data. 
Current Industrial Reports, Bureau of the Census. 
Table 3.—Major nitrogen compounds 
produced in the United States 
(Thousand short tons, gross weight) 
Compound 1983 1984 1985 
Tu 1,078 1,101 1,178 
Ammonium nitrate |... 6,628 7,009 907 
um - 12,814 14,468 2,878 
Ammonium sulfate! __ 1,964 2,107 2,049 
Cid 1,361 8,016 7,808 
UNG. ocu 5.771 7,188 6,478 
PPreliminary. 
‘Excludes ammonium sulfate from coking plants. 
Sources: Bureau of the Census and International Trade 
Commission. 
Table 4.—Domestic producers of anhydrous ammonia in 1985 
(Thousand short tons per year of ammonia) 
Company Location Capacity 
Agrico Chemical Co ee eee LA: COMUNES 300 
Air Products and Chemicals Ine Nes Orleans, LA. 444 210 
J A PH Junction, fl 100 
Allied Chemical Cord Hopewell, ůy¹VUub «k 840 
American „ ( Fortier; LA e cuu 580 
Arcadian Corp e Geismar, LA ~~~... csl 840 
Do ori cA ee ct dc Le Platte, IW 172 
Atlas Chemical Industries Ie Joplin, ! 136 
Borden Chemical Coo Geismar, L. „„ 400 
. JJC ͤᷣb„— v i 5 2 8 2 
CF 777)! ᷣ 8 1700 
Chevron OO gee ee Sete mexu ie Pascagoula, MS SJ Ta ae a Ce 530 
Di. ul ucc uen eo RE El |, ONLINE MICE 20 
V .. oes 610 
Incorporated Borger, .. 400 
SE Corp 3535 E MEM NEHME i" 
E. L duPont de Nemours & Co. Ine Beaumont, TX ........----------- 440 
DURS SERE a oe City, KS LL L ILIII III IILI 210 
1. e eu w eeu et rer ON - se ee ee 8 840 
7Ä˙§%5dk⁵ ĩ⅛ĩ—„, y Lawrence, aja „ 340 
De os Se ⅛˙²⁵mN mg mts 8 Pollock, LA `. e A A A A 420 
First Mississippi Cord Donaldsonville, Ia 400 
dei rs %%% 8 CCC p 
2 ͤ dd cat ERR tas seo mi NC Ee pH EMEN EON. 
W. R. Grace & cod Woodstock, TN |... 2 2-2 - 2L LLL 22 340 
4 FCC bres E mop ( y 
Hooker J)) ³ • A 8 28 
International Minerals & Chemical Cord Sterli MM E, ccc 8 TiO 
Jupiter |o RENNES SENEC Se Lake ö A dm 78 
Chemical Cor: Yazoo City, lg 393 
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Table 4.—Domestic producers of anhydrous ammonia in 1985 —Continued 
(Thousand short tons per year of ammonia) 


Company Location Capacity 
Monsanto Co LLL „ Luling, LA on Vue uw RE 650 
N Ree Corp - ~- - - -~ —x——T—T Gĩ a eee Pryor, OK —— ß maie 94 
Doe E V VA MR NONO East Dubuque, IL cmi C ELT 238 
ee EE Carlsbad, NM... SL A es 
Olin COD. esie mr odeur re Lake Charles, Lk. 490 
Penn eri esee cal JJ RS Portland, OR DNE TT 1 
Phillips Pacific Chemical Co Kensei, EE 
Philli [d ardere [e^ MER ee Beatrice, NE_ - -.------------------ 238 
PPG ies ING olor eee Natrium, WV ____________--_-___. 50 
3372 TNR Se Heos OR ya ee 90 
J. R Simplot Co -~ ------------------- er: px C PER 108 
os EE OH ke ome mum 416 
iar ddr Breisch d oS Shoals, Al 14 
Chemical International Port Neal, IA 2 22222 c LLL 222 210 
Triad Chemical Coo Donaldsonville, LA... LLL LLL A 840 
Union Chemical c o Kenai, AK Llc ee eee eee 1,190 
/öô§ĩÜi md es e Qe Broa, CA eS eo ee 238 
USS. Chemicals ine Cherokee, AL 2-2 ee 176 
Wycon 0” PEA E UE Cheyenne, WY .. e 108 
ku WEE 17,288 


Ammonia. Muscle Shoals, AL, Jan. 7, 


Research Section, Tennessee Valley Authority. Werld Fertiliser Capacity, 


CONSUMPTION AND USES 


The small decrease in domestic ammonia 
consumption in part reflected a decline in 
the demand for ammonia-based chemicals 
in the farm market. Imports of anhydrous 


80% of the ammonia consumed was used in 
fertilizers. Ammonia also was used to pro- 
duce plastics, fibers, and resins, 10%; explo- 
sives, 4%; and numerous other chemicals, 


ammonia decreased 15%, while ammonia 6%. 
exports increased 131%. Approximately 
STOCKS 


Producers’ stocks of ammonia on hand at 
the beginning of the year totaled about 1.7 
million tons of contained nitrogen. At year- 
end, stocks totaled about 1.8 million tons of 
contained nitrogen. At yearend 1984, stocks 


had tended to increase to meet seasonal 
demand for spring planting; however, in 
1985, stock levels remained static because 
of uncertain domestic demand and falling 
prices. 


Ammonia prices started the year at an 
annual high of nearly $150 per ton. The 
price held steady until the middle of May, 
then began a steady decline until the annu- 
al low of about $107 was reached at year- 


end. The use of other less costly nitrogen 
fertilizers, lighter applications of ammonia, 
and ammonia imports contributed to the 
drop in ammonia prices. 
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Table 5.—Price quotations for major 
nitrogen compounds at yearend 1985 


(Per short ton) 
Compound Price 

Ammonium nitrate: Delivered Corn Belt_ — $112-$133 
Ammonium sulfate: F.o.b. Corn Belt 88- 119 

Anh ammonia: 
Delivered Corn Belt 160- 170 
F.o.b. gulf coast 107- 110 

nium phosphate: F.o.b. central 
Floris =- 139- 147 
V pu 
o coast, granulated ______. 

F.o.b. gulf coast, prilled lll 82- 95 


Green Markets, Fertiliser Market Intelligence 


Source: Green 
Weekly, Dec. 28, 1985. 


FOREIGN TRADE 


Anhydrous ammonia exports increased 
181% from the 438,000 tons of contained 
nitrogen exported in 1984. The increase was 
attributed to aggressive marketing in some 
Western European countries, Taiwan, Tuni- 
sia, Turkey, and in countries where plants 
had experienced production problems. The 
gross weight of downstream nitrogen com- 
pounds exported for industrial and fertilizer 
uses was about the same as that of 1984. 
Diammonium phosphate, urea, and anhy- 
drous ammonia led in export tonnage of 


nitrogen compounds. 

Imports of anhydrous ammonia for fertil- 
izer use decreased 15%. Canada was the 
leading foreign supplier of ammonia to the 
United States with about 1.1 million tons. 
The U.S.S.R. supplied about 794,029 tons; 
Trinidad and Tobago, 531,599 tons; and 
Mexico, 147,641 tons. Ammonia imports 
from Canada and Italy increased, whereas 
imports from Mexico, Trinidad and Tobago, 
and the U.S.S.R. decreased. 


Table 6.—U.S. exports and imports EE of major nitrogen compounds 
n 


(Thousand short tons and thousand dollars) 


Ammonium nitrate 


wm æ æ mr vm — wee ee ww mm em vm em wm we rn es 


— —— — — m— 2 — wm wm 


chemicals: 
Ammonia, aqua (ammonia content' 


— cu em op i A am | om P en i mm —ä 2 


— vm om wm vm — 2 — wm e vm em gë wn om 


t content Value 
ROC MU d e 127 43 13.058 
JAC ee ae ee 125 1 48,468 
EE 1,229 1,010 172,231 
DU NOD MEE 6,758 1,216 1,048,322 
toD Fed eas hen fe 86 1 8,055 
JJ; ͤͤ 24 4 8,914 
ure enr IL UD DAT 1,154 531 148,857 
FORME 109 11 20,435 
MD CP 675 63 88,176 
Be E ͤ EE EL 56 11 4,840 
iis a Ss Ie Ss OU 2 2 200 
Eid rd ES K 1 @) 83 
323232 E ee 1 OI 2,105 
uc mak Seco es 2 (3) 143 
S2 E mtr Sh 10,799 3,055 1,553,387 
Db phe, heey ea ee E 561 188 55,855 
Ee 2 (4) 201 
m pen e 403 85 33.918 
J EOS Rha ar tae 2,806 880,178 
00000000 2 65 616 
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Table 6.—U.S. exports and imports for consumption of major nitrogen compounds 
in 1985 —Continued 


(Thousand short tons and thousand dollars) 


IMPORTS —Continued 
Fertiliser materials —Continued 
Calcium nitrate. E LE -== == wee cime uum mma is ads 189 21 11,456 
Diammonium hate MINCE 50 9 8,235 
Nitrogen solution-,;ůiunszznss Uses „ 188 60 20,877 
Potassium nitrats!kk clc A „„ „„ „„„ 46 6 10,568 
Potassium nitrate-sodium nitrate mixtureee - - - —- - - - ~- -----------— 31 5 4,041 
Sodium nitrate = wos ee ur mam aed ema im d Esel qs este o ue de erae DE es eiie a 142 23 14,072 
Hi ue noh caus ͤ d ⁰⁰⁰Zãdd ri E 2,165 996 480 
Mixed ilizers eoo o seu . ee es 189 14 028 
Other ammonium phosphat-eeSSsSs „ 127 14 1,077 
Other nitroge JJ HEEL C 100 20 18,014 
Ind chemi 
Ammonium nitrate A 98 84 12,098 
um phosphat'uuõuůhuůuůõhuuůuou ek 950 á 177 615 
Ammonium sulfat kkkkkkk 598 126 120 
ammonia and chemical-grade aqua. __.._..__.--_.------.- 2 2 809 
Tolo cS eer a Sara ay MI tL eL E E EE 8,544 4,086 880,348 
!Less than 1/2 unit. 
Source: Bureau of the Census. 


WORLD REVIEW 


A proliferation of new ammonia plant 

project proposals began in 1985. In addition 
to the countries discussed in this section, 
Argentina, Australia, Chile, Finland, In- 
donesia, Saudi Arabia, Sweden, Trinidad 
and Tobago, and Turkey either were propos- 
ing or were engaged in constructing ammo- 
nia projects because of an anticipated in- 
crease in world demand by the late 1980's. 
In 1985, developing countries were becom- 
ing self-sufficient in supplying their agricul- 
tural fertilizer demands as a result of tech- 
nology transfer from developed industrial 
countries. Countries with abundant state- 
owned, relatively inexpensive natural gas 
feedstock constructed world capacity ammo- 
nia plants whose product, destined for ex- 
port, captured established markets. Produc- 
ers from some market economy countries 
entered into agreements with countries 
having an ample supply of state-owned 
natural gas and constructed export-oriented 
ammonia and urea plants in those coun- 
tries. State-owned companies operated over 
60% of the world ammonia capacity. The 
economics affecting the overall cost of am- 
monia worldwide were capital cost of new 
plants and equipment and costs of manage- 
ment, energy, and transportation. Eastern 
European countries dominated the world 
ammonia trade, although the quantity of 
ammonia for export from Central America 
was increasing 

Caneda,—Ocelot Industries Ltd. of Cal- 


gary began construction on its $80 million 
ammonia complex at Kitimat on the coast 
of British Columbia. The 200,000-ton-per- 
year complex was a joint venture with 
Devco International of Tulsa, OK. Produc- 
tion was scheduled to start in July 1986." 
Cominco Ltd. and Alberta Energy Co. Ltd. 
announced the formation of a joint venture 
to construct a 385,000-ton-per-year ammo- 
nia plant in Alberta.* 

China.—Construction began on an am- 
monia-urea complex in Yinchuan to pro- 
duce 550,000 tons per year of urea.“ 

Greece.—A new 180,000-ton-per-year am- 
monia unit under construction at Kavalla 
for Phosphoric Fertilizer Industry Ltd. was 
completed.* 

India. Construction on three ammonia- 
urea plants was progreesing approximately 
on schedule. The plants were to use gas 
from the new Hazira-Bijaipur-Jagdishpur 
pipeline. Each project was designed with a 
1,350-ton-per-day unit* Construction of a 
new ammonia-urea plant was begun at 
Bajwa in the western State of Gujarat. The 
plant was to have a capacity of 165,000 tons 
per year of ammonia and 113,000 tons per 
year of urea.' 

Iran.—Commissioning began in June of 
the Shiraz fertilizer complex, which consist. 
ed of a 198,000-ton-per-year nitric acid 
plant, a 220,000-ton-per-year ammonium ni- 
trate plant, a 495,000-ton-per-year urea 
plant, and a 396,000-ton-per-year ammonia 
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plant. The complex was expected to supply 
more than $200 million worth of fertilizer 
per year. 

Kuwait.—Petrochemical Industries Corp. 
commissioned a new 300,000-ton-per-year 
ammonia plant at Shuaiba.°® 

Poland.—A second 248,000-ton-per-year 
ammonia plant at the fertihzer complex in 
Police was constructed and due to start up 
in 1986." 

Somalia.—The ammonia-urea complex at 
the port of Mogadisho was scheduled for full 
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production early in 1985. The design capaci- 
ty of the plant was 150 tons per day, and 
85% of the output was designated for the 
export market." 

U.8.8.R.—Construction of the 600,000- 
ton-per-year nitrophosphate complex at 
Rossoh was ahead of schedule; it was due for 
completion late in the year. À similar com- 
plex had gone on-stream in 1984. The nitro- 
gen fertilizer complex at Mary in Turkme- 
nia was completed in 1985, but commission- 


ing was delayed.“ 


Table 7.—Ammonia: World production, by country! 
(Thousand short tons of contained nitrogen) 


ae gem em — D ër om cm e o em cu em dE em m ib em em vm gp ue em om GA am em | em om em 


ep om eg om gr om . om om cc gp ep — sm dg vm em om op em om eg 


wë eg ùp em om e em em em em on gp — em gc om om om om om vm om e em gp em o = 


1981 1982 1983 1984”  1985* 
EN 10 9 9 tg 10 
ER 34 B4 B4 88 88 
Se 148 "181 145 161 165 
WW A 64 63 56 55 
ac 852 270 424 414 413 
Ss 586 585 546 "550 550 
SS 168 201 197 389 400 
aie 649 661 495 498 375 
Se 414 555 814 *830 890 
— "1128 "1,188 1,288 1,254 1 
MS 65 59 163 139 
=o 2.899 2273 $8188 83551 8,900 
— 13.440 14010 15200 15400 16,500 
E 101 108 112 103 105 
—— 184 108 95 189 220 
SS 937 937 937 937 R82 
m 84 94 18 17 17 
Se 571 104 998 156 156 
pi 16 71 15 76 77 
SS 2,500 2,100 2,300 
aie 1,328 1 1,385 1.325 1.334 
Së 163 1,731 LETT 164 1741 
BR 958 246 4248 1 248 
eR 902 1873 7896 897 898 
We 8 tg Tg 79 8 
13,566 3.824 8980 4382 4.520 
Ss 1.014 1.183 1.268 1,828 1.360 
ae 220 729 792 724 359 
Se 488 88 88 188 66 
2 321 1409 $24 409 386 
SS 747 27 59 63 63 
I 1,831 1,158 1169 *1,200 1,300 
s 2.020 1.821 1703 1.839 1'820 
Ux 500 500 500 500 500 
a 823 599 474 512 487 
We 235 202 452 426 459 
ne 165 210 280 230 248 
n 4 31 32 43 «0 
ide 1,979 2.287 2.194 1.954 2.000 
We 2:000 1,824 1.926 2.547 2500 
Ms Bia e 48 64 66 
E 601 574 619 696 3576 
Sp "T8 "1,088 1211 1,248 1,270 
WW 107 93 94 94 94 
I 36 16 22 18 17 
SE 1531 1.621 1,571 1,647 1,382 
L- 147 146 149 154 165 
T 404 478 646 696 724 
DS 2625 2.852 93,006 2.916 2.976 
ES 187 229 2 230 279 
Rin 608 629 639 639 
n 819 593 618 *683 672 
D: 48 114 69 Kai 33 
SN 87 85 53 54 55 
EE 36 36 33 
=a 33 72 125 132 182 
Se 448 850 342 296 230 
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Table 7.—Ammonia: World production, by country! —Continued 
(Thousand short tons of contained nitrogen) 


Country? 1981 1962 1983 1964” 1985* 

Trinidad and Iba Lg ""18 1.006 1,190 1,200 
ask )) 8 N £n 16,000 16,000 17,100 
United Arab Emirates _______._.__...____.____.. d Gs 402 
Aen States® LLLI II III 18732 i 029 ii 1 13228 
Venezuela -L e 457 4 418 1810 618 
Yugoslavia... __-__.__-__________-_______---- 464 460 
|^" Todo EUR ͤ v EUN 20 30 31 $1 $1 
Zina 57 98 18 83 T 

TUM S hc EL 0ĩ·!!! 8 84,847 "83,630 — 86,5660 — 95,029 — 94,902 


ein addition to the countries listed, Vietnam has a nitrogen (N content of ammonia) production capacity of about 60,000 
EE 


TECHNOLOGY 


British Petroleum Co. Ltd. developed new produce synthesis gas for ammonia. The 
ammonia process technology around a_ technology was centered around a thermic 
graphite-based synthesis catalyst. The cata- steam reformer. The method was more 
lyst was to be tested in a commercial plant energy efficient than conventional reform- 
after initial tests at a pilot plant. The new ers because of a low pressure drop across 
process offered potential savings in energy the heat transfer surface.“ 
and production costs. 5 

The Dow Chemical Co. developed a modu- 2 Hepgan (amel Nes. New: V. 44, No. TIBI, 1986, p. 28. 
lar air separation system based on a newly *Green Markets. V. 9, No. 24, 1985, p. 
designed membrane fiber. The fiber’s thick- opis Py 2108008) Ne 165. 1909. B £3 
nees allows the system to have greater *Work cited in footnote 4. 
surface area for higher nitrogen absorption. seven Marken Va No IC PE 


The system was designed to yield 95% to Na 168.1808 p. ü Rx 
9996 pure nitrogen. 1°Page 16 of work cited in footnote 8. 
SE 


consultant from Welwyn Garden City in the European Chemical News. V. 45, No. 1194, 1965, 
United Kingdom, developed a new method 3.0 Marketing Reporter. V. 227, No. 8, 1 a 
of steam reforming light hydrocarbons to ie 82 of work cited in footnote 9. 


Peat 


By Charles L. Davis' 


Peat production in the United States 
increased slightly in 1985. In decreasing 
order of quantity, Florida, Michigan, Illi- 
nois, Colorado, and Indiana were the major 
peat producing States. Reed-sedge peat was 
the most common kind produced, followed 
by humus, hypnum, sphagnum, and unclas- 
sified. Peat sold in packaged form by domes- 
tic producers increased in quantity and 
value. Apparent consumption increased 
slightly. Imports for consumption, primari- 
ly from Canada, decreased somewhat and 
represented a large part of apparent con- 
sumption. The predominant end use of peat 
was for agricultural and horticultural pur- 


poses. About 11,000 short tons of peat was 
used for fuel, mostly in projects to evaluate 
the burn characteristics of peat for energy 
production. 

Domestic Data Coverage.—Domestic pro- 
duction data for peat are developed by the 
Bureau of Mines from a voluntary survey of 
U.S. operations. Of the 117 operations to 
which a survey request was sent, 98 re- 
sponded, representing 95% of the total pro- 
duction shown in table 1. Production for the 
19 nonrespondents was estimated using pri- 
or year production levels adjusted for re- 
gional production trends and inflation. 


Table 1.—Salient peat statistics 
1981 1982 1983 1984 1985 
We eines of active operations 90 93 94 101 99 
Vi eM auram aret ed dice dad f Qno 
. 2 hd qued amas thousand short tons 686 798 704 839 
0 —— T———— MM 151 169 125 814 882 
DOE PUNCH EE EG do... 259 373 396 
AF ü EE RSV IM AQ de... 511 441 486 
Li 1,7 = thousands . $18,784 $16,871 318,667 $19,907 $21,892 
Average pershortton nnn 1.94 73 47 81 
Average per ST nal desis cs es a eats a 17.28 16.34 18.34 47 29 
Average per short ton, packaged or baled | . |. ___ .14 77 .00 85 49 
Imports for ption 9 thousand short tona. . — 870 419 485 417 
Consumption, apparent ids 1, 1,080 1,042 1,146 1,255 
Stocks, yearend producers d 269 357 438 577 638 
„%% ͤ A mir qm amm ttm e do... 276.287 "283,504 282,266 282.719 283,106 
*Estimated. 
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DOMESTIC PRODUCTION 


Peat was produced by 99 active domestic 
operations. There were 11 large operations 
with capacities greater than 25,000 tons per 
year—4 reed-sedge operations and 1 humus 
operation in Michigan, 4 reed-sedge oper- 
ations in Florida, 1 reed-sedge operation 
in Illinois, and 1 humus operation in Col- 
orado—that accounted for 53% of produc- 
tion, compared with 41% in 1984. Reed- 


sedge production increased from 6896 in 
1984 to greater than 7296 of total output in 
1985. Humus accounted for 2296; hypnum, 
3%; sphagnum, 2%; and unclassified, lees 
than 1%. About 11,000 tons of peat was 
produced for use as a fuel to generate 
thermal energy for a lumber company and 
for peat fuel test burns. 


Table 2.—Relative size of peat operations in the United States 


Size in short tons per year 


333 


GE 


c 
d 
S 


‘Data may not add to totals shown because of independent rounding. 


1,200 


1,000 


Production ~a. 


400 


THOUSAND SHORT TONS 


1970 


; Production 

Active (thousand 

short tons) 
1984 1985 1984 1985 
EEN 8 11 329 446 
THESE ANE E NON 7 7 187 116 
SE 11 T 131 84 
SS ĩ˙ PEE 14 17 97 115 
FF 25 15 81 48 
Fi fag Eesen 18 15 18 21 
MEME NUT dne 23 21 6 10 
CCC 101 99 800 839 

1975 1960 1985 


Figure 1.—Production and imports of peat in the United States. 
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CONSUMPTION AND USES 


U.S. peat producers’ domestic sales in- 
creased slightly and consisted of 73% reed- 
sedge, 20% humus, 3% hypnum, 3% sphag- 
num, and 1% unclassified. Sales of both 
bulk peat and packaged peat increased. 
Sales of bagged or baled peat were 55% of 
total sales and consisted of 8396 reed-sedge, 


improvement, golf courses, mixed fertiliz- 
ers, nurseries, vegetable growing, and other 
uses. Sales decreased for peat used as an 
earthworm culture medium, an ingredient 
for potting soils, in mushroom beds, for 
packing flowers, and as a seed inoculant. 
Apparent consumption of peat increased as 


8% humus, 5% hypnum, and 4% sphag- a result of an increase in demand. 


num. Peat sales increased for general soil 


Table 3.—U.S. peat sales by producers in 1985, by use 


7 In bulk In packages Total? 
U and Value penal Value — Value 
x (thou- (thou- (thou- 
eat sands) Cay sands) € sands) 
worm culture medium 1,715 $34 112 1 ey 
General soil improvement. ........-_...-- 121,820 1,897 ` 452,999 11,1187 — 580,819 18, 
Tagredi ient for potting « bis 99.03 2457 18,765 891 118.188 T 
jent or potting sols „4 R 
fe M 2222 Nee E 15,585 167 ae — 15,585 167 
E TEE 3,831 64 ae ae 8,831 64 
A bs qiios S N an 2 8 Wu? wer 4,118 280 315855 m 
EE ots ta, shrubs, etc .—--------- ’ -- -- " 
NO RRR SE ee ERE 8 852 119 8,935 1,808 4,281 1421 
ped ino 3 J 8 3.691 59 9 wl 3.700 69 
Ga sen E asl —?u' 11,478 229 6,480 800 17,968 529 
/ oe w! AAA S $95,986 8,088 486,418 18,858 882,404 121,892 
Data may not add to totals shown because of independent rounding. 
Less than 1/2 unit. 
Table 4.—U.S. peat production and sales by producers in 1985, by State 
Pro- 
duction Sales 
Active Quantity Quantity 
State oper- (thou- (thou- Value! Percent 
ations sand sand (thou- pack- 
short short sands) aged 
tons) tons) 
%/%ããõͥöͤ᷑ͤõ³“ꝗ 8 2 W Ww W 92 
See ³ðᷣ y 4 W W W 84 
JJJJͤũ ĩðÄAA. ³·¹wꝛ y 13 263 248 $5,338 18 
F õyZydydd ⁊ͤ v ero a a NOMEN ae 2 W wW W 98 
; ⁰˙r¹u y ĩ v 5 wW W W 98 
(Et ET TEE 6 38 54 W 76 
TEE 4 12 11 415 28 
MEINE. ool EE E 1 W NE XM "— 
Ar ³ A A 8 1 W W W 14 
Maegochugettg ---- -=--> 1 W W W 10 
Michigan: onu ee 8 17 248 282 5,414 72 
Minnesotkt/ aaa 5 27 34 1.720 63 
Montana 2.50360 5 er oe aem ceci cec 2 W W W 100 
New Jersey p ee ee Rm eure pes am 5 W W 811 86 
New York |. noo ese creto 5 wW W W 91 
North Carolina 8 W W W 77 
North Dakota ``- ------------------------—— 1 W wW W 88 
C emnt Lus E ĩðͤ EE 1 12 16 418 56 
Pennsylvania t eee eee ee 1 20 21 602 26 
South Carolina `... -=--> 1 W Ww 178 36 
Washington eege 8 12 12 292 B 
Wisconsin EECHER 4 W 10 wW 88 
Total? or average ____________-_____-_--_-___- 99 839 882 21,892 55 


W Withheld to evoid disclosing company proprietary data; included in ' 
Values are f.o.b. producing plant. 
*Data may not add to totals shown because of independent rounding. 
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111855 f.! 
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1 238 2235 
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iH 


Table 5.—U.S. peat sales by producers in 1985, by use 
Sphagnum moss 
Quantity 


HE 


i 


: 1 38933822 : 
a4 VESSA HVS 


88288888888 e 


7888 
aon oS DI 
— — 


TE em 


m - 1 1 
nearly all sphagnum moss was measured after compaction and packaging. 
may not add to totals shown because of independent rounding. 


Less than 1/2 unit. 


*Volume of 
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Table 6.—U.S. peat production and producers’ yearend stocks in 1985, by kind 


Kind Active Percent of Yearend 
operations (shorttons) production (short tons) 

UI ION o ss ende ub ee e b 15,840 1.9 10,679 
ypnum moss eee 6 28,277 8.4 10,621 
me Prec ĩð— 8 65 608,118 72.5 553,167 

Hümüs ͥ ³o·—wm mA AAA ⁰ a tees ah 29 184,128 21.9 85,545 
uu Poe toT RT 8 4 2,610 A 28,300 

Total ß eee ete aS 99 838,968 100.0 688,312 

PRICES AND SPECIFICATIONS 


The average reported price per ton for all 
types of peat, f.o.b. plant, increased slightly. 
The unit price for bulk peat decreased 


slightly, and that for packaged peat increas- 
ed somewhat. The price per ton of imported 
sphagnum peat increased a small amount. 


Table 7.—Prices' for peat in 1985 
(Dollars per unit) 
num Hyraum e Humus Other Average 
moss 
Domestic: 
Bulk: 
Per short ton __ LLL LLL LLL 20.48 86.90 .20 18.78 18.64 29 
cubic yar 8.98 12.81 11.68 8.26 6.24 10.45 
or baled: 
Per short ton 77.78 41.91 26.45 22.18 ws 28.49 
Per cubic yard LLL ee 10.50 15.05 12.86 14.66 - 12.83 
Per short tons 56.77 41.96 25.63 15.52 18.64 24.81 
Per cubic yard 10.26 14.79 12.41 9.58 6.24 11.84 
Imported, total, per short ton! 121.18 XX XX XX XX 121.18 
XX Not applicable. 
Prices are f. o. b. plant. 
Average customs price. 
Table 8.—Average density of domestic peat sold in 1985 
(Pounds per cubic yard) 
Sphag- H 
ypnum Reed- 
num Humes Other 
mon moss sedge 
1 -22a bS ee oe 8 878 694 961 1,208 916 
, oe ß 270 718 972 1,825 ae 
Bulk and packaged 2L LL L2 L2 L2 2222 862 715 968 1,221 916 
FOREIGN TRADE 


Peat imports for domestic consumption 
decreased slightly in quantity and increased 
slightly in value. More than 99% of the 
imports was sphagnum moss peat from 
Canada. Canadian sphagnum moss peat was 
in demand because of consumer loyalty to 
brand and because in most areas domestic 
sphagnum moss peat had not entered the 
U.S. retail market. Almost 42% of the 


imported peat entered the United States 
through customs districts in New York. 
Large quantities also entered through cus- 
toms districts in Maine, Michigan, Mon- 
tana, North Dakota, Vermont, and Wash- 
ington. Minor quantities of peat were im- 
ported from the Federal Republic of Ger- 
many, Mexico, and the Netherlands. 
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Table 9.—U.8. imports for consumption of peat moss in 1985, by country 


Poultry- and Fertilizer- 


___stablegrade | grade Total 

Country "Quantity Value Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 
) ³ðÄ ĩðVu 8 25.174 $3,559 451.612 354.207 476.786 357,766 
Germany, Federal Republic of -..----------- E t 51 4 4 
Meži un rd %˙—Ü . ee uL es 107 80 Ses m 107 30 
Netherlands 16 2 110 6 126 8 
Other s ee Sen oe 18 15 245 27 318 42 
Total- acs i àjʃ .. ese a eet See eae 25,370 8,0606 452,018 54,244 477,388 57,850 


Includes China, Denmark, Finland, Prene Guatemala, Ireland, Japan, Kiribati, Morocco, New Caledonia, Panama, 


Sweden, the U.S.S.R., and the United 
Source: Bureau of the Census. 


Table 10.—U.S. imports for consumption of peat moss in 1985, by customs district 


Poultry- and Fertilizer- 
stable-grade grade Total“ 

Customs district Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 

MA cr ˙˙—md artes ae 7˖˙,! ate . 36 $2 AS A 36 
UHR NYS n c Os an a xd ZAT 13,417 $1,676 2 Vier: 

n RENE . 
Petri ee ee eee Se Sek 8,712 992 89,882 4,787 48,594 5.778 
Duluth, MNWͤꝶ = as 1,110 160 1,110 160 
Great Falls, MIT ~.____________________ mS SEN 53,976 8,488 53,976 8,488 
Heinen! 24 3 22 xo 24 8 
GE SE EE MM. 3 
I . eas i s 

New Orleans, LA". A A ee S ae 20 4 20 
Ä ²˙¹ii ³⁰¹wmꝛↄꝛ K cies 10 6 127 9 137 15 
Norfolk, VA's !.! ee meRURE 16 2 44 6 60 8 
Ogdensburg, NNũkT LLL ee 262 38 169,122 16,974 169,384 17.006 
Pembina, NLD UUbb 22 2 93. 12.148 93,888 12,145 
Philadelphia, DAT... ton E 121 21 121 21 
Portland, alu 129 22 34,074 8,750 84,203 3.772 
St. Albans, VT? ee 22 6 27,648 3,037 27,670 3,043 
San Francisco, CALL Lu ur uarie E a M zo B4 12 84 12 
San Juan. te 34 1 nee = 34 7 
Seattle, . geg 91 21 18,493 3,175 18,584 8,197 

Virgin Islands... ek 19 6 TR c 19 
o costa e pr So eat) 25,870 3,606 452,018 54.244 477,388 57,850 


Data may not add to totals shown because of independent rounding. 


*Predominantly of Canadian origin. 
Source: Bureau of the Census. 


WORLD REVIEW 


China.—An exploration team from the 
Chinese Academy of Sciences discovered 
deposits in central China containing an 
estimated 7 billion cubic meters of peat. 
Production from these deposits was ex- 
pected to be used as fertilizer and fuel. The 
deposits were located on the Qingzang pla- 
teau at the juncture of the Gansu Quinghai, 
and Sichuan Provinces.* 

Finland.—Vapo Oy, a Finnish company 
specializing in peat production and develop- 
ment worldwide, purchased Peatrex Ltd., 


a peat producing company in Minnesota. 
Vapo Oy supplied machinery and technical 
expertise to peat projects in Africa, Finland, 


Southeast Asia, Sweden, and Western 
Europe.? 
Kemira Oy, a state-owned company, 


planned to build a new 80,000-ton-per-year 
ammonia plant that would use peat for 
feedstock. The plant was to be located at 
Oulu and employ over 250 people in the 
production and handling of the peat.* 
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Table 11.—Peat: World production, by country! 


(Thousand short tons) 
Country? 1981 1982 1983 1984? 1985° 
Argentina: Agricultural us 8 4 4 8 8 
A Petes Bel EE 717 118 "18 15 15 
nep ⁵⁵⁵⁵⁵¼¼g; OR 10 15 15 15 15 
Canada: Agricultural us 508 587 583 *550 550 
Donnart; Agricultural us 36 140 reg] 84 40 
Agricultural uss „ 225 687 808 248 220 
JJöö·Ü˙ é 1,436 6,063 8,698 991 3,300 
France: tural uus 148 182 121 250 220 
Germany, Federal Republic of: 
ze 1.920 2.080 2.059 1.575 2,000 
FF) cene re 271 279 285 $05 290 
GE : Agricultural us Tl 77 77 77 77 
Agricultural uns 89 106 *105 106 106 
|l. Gate cT EN. 5,906 5,819 F 92,330 8,746 8,430 
Israel: Agricultural uns 22 22 22 22 22 
Netherlands" JJ 8 441 441 441 496 500 
Norway: 
Agricultural uss 06 66 66 66 66 
jj. no e HP ⁰ 1 1 1 1 1 
Poland: Fuel and agricultural uus 222 220 220 220 220 
Spa... 2 ee a ee 43 66 44 61 55 
en Ge 2 tural — ĩ oon 144 7199 188 WE? 138 
`” Agric TTT 798,000 — "200,000 — 200.000 200.000 200,000 
or ua C 66,000 66,000 66,000 66,000 66,000 
United States: 
ib. o oom ee 686 798 708 789 *828 
ü·’ ³ v eee eas ae EST E 1 11 *11 
22 RR 276,267 283,504 282,266 282,719 283,106 
Fuel peat included in totaalll!l!l 13,886 18,382 11,535 18,214 18,252 
*Estimated. Preliminary. "Revised. 
Table includes data available through June 10, 1986. 
rin addition to the countries listed, Austria, Iceland, Italy produce negligible quantities of fuel peat, the German 
tic Republic is a producer, and Venezuela anall amounts of peat for tural use, but output 
SE vailable for formulation of reliable of output levels. 
*Reported figure. 
TECHNOLOGY 


Swedish researchers seeking to utilize 
peat as an organic raw material for chemi- 
cals determined that peat contains an enor- 
mously complex mixture of organic materi- 
als. The largest fractions are lignins, humic 
acids,  hemicelluloses,  celluloses, and 
bitumens.’ 

Research into the use of oxidatively solu- 
bilized coal (OSC) in alcohol to produce a 
diesel-like fuel determined that peat was 
also good feedstock for the process. Solu- 
tions of peat-derived OSC in methanol, con- 

taining as much as 50% by weight of the 
OSC, were similar to conventional diesel 
fuel in viscosity, lubricity, and cetane value. 


The combustion product was essentially 
smoke free and low in nitrogen oxides. The 
OSC derived from peat outperformed OSC 
made from some kinds of coal. 


! Physical scientist, Division of Industrial Minerals. 

Mining Magazine. China Peat Discovery. V. 152, No. 4, 
April 1985, p. 287. 

5News— Tribune and Herald (Duluth, MN). Peatrex Sale 
M ponen Firm Expected To End Controversy. Sept. 28, 
ee zereck No. 218, 1985, p. 6. 


Like Fuel From Coal, Peat, Biomass. V. 63, No. 26, July 1, 
1985, p. 23. 


Perlite 


By A. C. Meisinger! 


U.S. production of both processed and 
expanded perlite increased slightly in 1985. 
Processed perlite sold and used was 507,000 
short tons valued at $17.2 million. Expand- 
ed perlite sold and used was 459,000 tons 
valued at $81 million. Imports of processed 
perlite from Greece continued to increase 
and were 52,000 tons compared with 46,000 
tons (revised) in 1984. Construction-related 
uses continued to dominate the domestic 
market for expanded perlite with nearly 
69% of total sales. 

Domestic Data Coverage.—Domestic pro- 
duction data for perlite are developed by the 
Bureau of Mines from two separate volun- 
tary surveys, one for domestic mine oper- 
ations and the other for plant operations. Of 


the 12 mining operations to which a request 
was sent, 9, or 75%, responded, represent- 
ing 90% of the total processed ore sold and 
used shown in table 1. Mine data for the 
three nonrespondents were estimated using 
reported prior year production levels ad- 
justed by trends in employment and other 
guidelines. Of the 65 expanding plants to 
which a request was sent, 64 plants were 
active; of these, 43 plants, or 67%, respond- 
ed, representing 82% of the total expanded 
perlite sold and used shown in table 1. Plant 
data for the 21 nonrespondents were esti- 
mated using reported prior year production 
levels adjusted by trends in employment 
and other guidelines. 


Table 1.—Perlite mined, processed, expanded, and sold and used by producers in the 
United States 


(Thousand short tons and thousand dollars) 


Processed perlite 
Used at own 


Expanded perlite 


tal 
Year - 233 Sold to expanders plant to make uantity Quantit Sold and used 
mined expanded material dold ec) produ , 
Quantity Value Quantity Value Quantity Value 
111 710 324 9,928 267 7,530 591 494 485 66,300 
18822 — 623 263 8.755 243 7.289 506 433 428 63,600 
188838 608 293 9.942 181 5.722 474 387 385 63,500 
188. 8 653 310 10,395 188 6,243 498 1440 T439 "714,000 
1985 — on ete 678 816 10,957 191 6,203 501 461 459 81,000 
"Revised. 
1Crude ore mined and stockpiled for processing. 
DOMESTIC PRODUCTION 


Processed Perlite.—The quantity of per- 
lite mined for processing, by 10 companies 
from 12 operations in 5 Western States, was 
678,000 tons, a slight increase over that of 
1984. Of that total, five mines in New 
Mexico accounted for 86%. The remaining 
14% was mined in Arizona, California, Colo- 
rado, and Nevada. 


Production of processed perlite increased 
slightly to 507,000 tons sold and used valued 
at $17.2 million compared with 1984 produc- 
tion of 498,000 tons and $16.6 million. New 
Mexico mines accounted for 83% of the U.S. 
total processed perlite sold and used. Ore 
producers were Harborlite Corp. and Sil-Flo 
Inc. in Arizona; American Perlite Co. in 
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California; Persolite Products Inc. in Colo- 
rado; Oneida Perlite Corp. in Idaho; Dela- 
mar Perlite Co. and U.S.G. Corp. (formerly 
United States Gypsum Co.) in Nevada; and 
Grefco Inc., Manville Products Corp., Silbri- 
co Corp., and U.S.G. in New Mexico. 
Expanded  Perlite.—Expanded perlite 
was produced by 64 plants in 31 States. The 
quantity produced increased 5% (revised) 
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over that produced in 1984. Leading States, 
in descending order of sales, were Mississip- 
pi, Pennsylvania, California, Georgia, Illi- 
nois, Kentucky, Texas, Florida, Virginia, 
Indiana, and Colorado. California and Texas 
each had seven active plants, followed by 
Pennsylvania with five, and Florida and 
Indiana with four each. 


Table 2.— Expanded perlite produced and sold and used by producers in the United 


States, by State 
1984 1985 

produced Quantity Value Average Produced Quantity Value Average 

(short (short (thou- value (short (short (thou- value 
tons) tons) sands) per ton! tons) tons) sands) per ton! 
Arkansas |... 1,100 1,100 W W W W wW W 
California 48.100 47.500 188.574 13181 47.300 46.300 $8,516 $184 
Florida 20.600 20.500 3,470 169 26,400 26,400 4,831 183 
Indiana 22,500 22,200 4,982 225 22,200 22,300 §,501 247 
Ie W W W W 800 800 200 250 
Massachusetts _ 2,400 2,300 779 339 2,300 2,200 708 322 
Pennsylvania . 742.000 742.000 17.078 7169 48.300 48.100 8.260 172 
Texas 27,200 27,100 5,805 214 27.900 27.400 5,915 216 
Wisconsin... W Ww wW W 1,200 1,200 250 
Other 1275, 700 1275, 900 143.610 7158 284,600 283,900 46,800 165 
Total? |... F440,000 1439, 000 774,000 T169 461,000 459,000 81,000 177 


Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 

1 Average value based on unrounded data and rounded to nearest dollar. 

*Includes Alabama, Arizona, Colorado, Georgia, Idaho, Illinois, Iowa, Kentucky, Louisiana, Maine, Michi 
Minnesota (1984), Mississippi, Missouri, Nevada, New Jersey, New York, North Carolina, Oregon, Tennessee, 


Virginia, Wyoming, and items indicated by symbol W. 


Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Apparent domestic consumption of pro- 
cessed perlite was 539,000 tons compared 
with 524,000 tons in 1984. Domestic con- 
sumption of expanded perlite increased 596 


formed products, and loose-fill insulation, 
continued to account for two-thirds of sales. 
All major end uses but plaster aggregates 
and low-temperature insulation increased 


to 459,000 tons. Construction-related uses, in sales during the year. 
such as aggregates for concrete, plaster, 
Table 3.— Expanded perlite sold and used 
by producers in the United States, by use 
(Short tons) 
Use 1984 1985 
Concrete aggregate 20,800 21,400 
Fl... 8 12.100 16.800 
Filter ad — 60.600 62.400 
Formed products? __ ___________ 257,000 267.300 
Horticultural aggregate?gd 36,100 39,600 
Low-temperature insulation 5,000 4,100 
Masonry and cavity-fill insulation 15,100 15,200 
Plaster aggregate 712700 11.300 
On 8 19,100 20,600 
S AAA 439,000 459,000 
Revised 


Includes acoustic ceiling tile, pipe insulation, roof 
insulation board, and unspecified formed products. 

?Includes fertilizer carriers. 

Includes fines, high-temperature insulation, paint tex- 
turizer, refractories, and various nonspecified industrial 
uses. 

Data may not add to totals shown because of indepen- 
dent rounding. 
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The average price of processed perlite 
sold to expanders increased slightly from 
$33.53 per ton to $34.67 per ton, but the 
average price of processed perlite used by 
producers in their own plants declined from 
$33.21 per ton to $32.48 per ton in 1985. The 


average value of all processed perlite sold 
and used was $33.85 per ton, a slight in- 
crease over that of 1984. The value of 
expanded perlite sold and used averaged 
$177 per ton compared with $169 per ton 
(revised) in 1984. 


FOREIGN TRADE 


The United States imported approximate- 
ly 52,000 tons of processed perlite from 
Greece, compared with 46,000 tons (revised) 


in 1984. Exports of processed perlite were 
estimated to be 20,000 tons to Canada, the 
same as those of 1984. 


WORLD REVIEW 


Estimated world production of perlite to- 
taled nearly 1.8 million tons in 1985, a 
slight decrease from that of 1984. Three 
countries, Greece, the U.S.S.R., and the 


United States, accounted for 76% of the 
world total. 


‘Industry economist, Division of Industrial Minerals. 


Table 4.—Perlite: World production, by country! 


(Thousand short tons) 
Country? 1981 1982 1983 1984P 1985° 

Äüstrália A i «˙ .. age S 2 1 2 *2 2 
Czechoslovakia ____._._-_~________ i 2222222222 47 50 49 *49 49 
|n WENT RC ĩ] AAA 8 145 167 167 196 195 
Hungary” SE 105 99 103 113 112 
Ee S eege 94 88 83 gg 88 
DT TEE 83 83 83 83 83 
MOR ⁵ ...... 63 36 46 35 33 
New Zealand? | -2-2-2222 1 2 1 (*) m" 
Philippines-  —-————e ⁵³ 8 4 2 17 3 

f;: EE E 8 50 134 32 61 66 
7%õõͤ uuu e od hs ipee y 1660 1660 1660 1660 660 
United States (processed ore sold and used by producers) 591 506 474 498 5507 

IĆe³'ñO!q“Qꝙdq!dd!dd!d“c!d!“!“b„b„ 88 11,849 71,880 1.702 1.808 1.798 


Estimated. PPreliminary. "Revised 


Unless otherwise specified, figures represent processed ore output. Table includes data available through June 3, 1986. 


In addition to the countries listed, Algeria, Bulgaria, China, Iceland, Mozambique, the Republic of South Africa, and 


Yugoslavia are believed to have 


Crude ore. 
*Revised to zero. 
* Reported figure. 


; roduced perlite but out 
inadequate for formulation of reliable estimates of output leve 


put data are not reported and available information is 


Phosphate Rock 


By William F. Stowasser! 


Phosphate rock production marginally in- 
creased in 1985 but the depressed state of 
the U.S. agricultural sector limited demand 
for phosphate fertilizer raw materials. How- 
ever, the export market for phosphate fer- 
tilizer was exceptionally strong. Sales of 
diammonium phosphate, for example, were 
a record high 7.2 million metric tons, with 
prices frequently below production costs. 
Without the export market, phosphate fer- 
tilizer producers’ financial status would 
have been substantially weaker. 

Phosphate rock inventories increased 
during the year as demand declined. Phos- 
phate producing companies closed several 


mines and plants for an indefinite time: 
Some were for sale, some temporarily closed 
to reduce inventories, several filed for reor- 
ganization under chapter 11 of the Federal 
Bankruptcy Act, and some merged to re- 
duce financial losses. Despite the restruc- 
turing of the phosphate industry, demand 
and supply were still out of balance. The 
plant shutdowns and curtailed production 
failed to reduce the phosphate surplus; 
inventory levels increased, prices were cut, 
and profitability was reduced for phosphate 
rock and phosphate fertilizer. 

Electric furnaces iti have been 
used to smelt phosphate rock to produce 


Table 1.—Salient phosphate rock statisties: 
(Thousand metric tons and thousand dollars unless otherwise specified) 


1981 1982 19838 1984 1985 
United 

Mine production (crude ore) a 183,733 104,185 125,691 168,012 176,068 
adeleg 53,624 87,414 42,578 49,197 50,835 
Pei ont eʒũũt 16,865 11,504 18,088 14,889 16,684 
DB. coL curas gege $1,437,986 $960,826 — $1,021,006 — $1,182,244 1.208,68 
A per metric tn 3426.82 SES AN 7723.96 2524.08 “$23.67 
Sold or used by producer 45,526 88,511 46,839 58,271 46,684 
PO content -_ LLL 2c 22c c2. 18,989 11,814 14,336 16,244 14,968 
Pe US HOME ERN MM $1,212,438 $983,465 $1,122,966 $1,278,856 $1,108,827 
Average per metric ton $26.63 $25.50 $23.91 $23.99 $23.01 
V Se WC AL Tema 10,8965 9,842 12,010 11,528 10,284 
Pei contenſ]tmʒ;u !! 8,300 8,138 8,839 8,646 9,263 
Jö;ö;S A $318,192 $293,626 $821,945 $824,784 3$281,515 
Average per metric tn“ $35.90 $29.83 $21.26 $28.17 $27.37 
Imports for consumption — - - - ---------- 18 81 9 934 
Cin $1,802 $276 4 $1,747 
Average per metric ton $82.31 $42.00 $42.69 $81.71 1.54 
Consumption’®____________________ 85,144 28,760 84,838 41,758 86,884 
Stocks, 81: Produ 19,619 18,287 14,500 11,897 15,584 
World: Prod 143,001 127,385 189,404 151868 


zm — — — ww ze — — mm zm — —— ep zm e zs mess ` Ah 12,0000 1060, 
EE —— — ͤ——— ͤ— . —— —— — ——— .. —.—..——— 


from unrounded 
4°Measured by sold or used plus imports minus exports. 
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elemental phosphorus (P,). Most of the P,, 
perhaps as much as 85%, was used to 
produce technical-grade phosphoric acid, as 
opposed to food-grade acid, which was then 
used to manufacture numerous phosphate 
salts. U.S. production of P, declined from a 
peak of 560,000 tons in 1969 to 370,000 tons 
in 1984. Overcapacity in this segment of the 
phosphate industry was comparable to that 
of the fertilizer industry. A new, significant- 
ly lower cost, wet acid process was used in 
Europe, Israel, and Japan to produce 
technical-grade phosphoric acid. Some of 
this acid was exported directly to the Unit- 
ed States or converted into phosphate salts 
and exported. The decline in demand for 
U.S.-produced P. was attributed to the high 
cost of the thermal procees, increased com- 
petition from foreign imports, and a nation- 
wide campaign to prohibit phosphates in 
detergent products. 

Domestic Data Coverage.—Domestic pro- 
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duction data for phosphate rock are devel- 
oped by the Bureau of Mines from two 
separate, voluntary surveys of U.S. oper- 
ations. Typical of these surveys is the semi- 
annual Phosphate Rock Survey. Of the 24 
operations to which a survey request was 
sent, all responded, representing 10096 of 
the U.S. production data shown in table 1. 
Legislation and Government  Pro- 
grams.—The Food Security Act of 1985 was 
expected to expand the potential for grain 
exports by reducing U.S. grain prices on 
world markets and supporting farm income 
by maintaining target prices at current 
levels over the next 2 years. The farm 
program also placed a 20% and 25% non- 
paid acreage reduction maximum on the 
U.S. Department of Agriculture for corn 
and wheat, respectively, in 1986. This im- 
plied a smaller reduction in acreage in the 
spring of 1986 than had been anticipated. 


DOMESTIC PRODUCTION 


Florida and North Carolina produced 
about 6% more marketable phosphate rock 
than the 42.5 million tons produced in 1984. 
The Western States and Tennessee produc- 
ed somewhat less than that produced in 
1984. 

Florida and North Carolina.—Companies 
that mined phosphate rock in central Flori- 
da were Agrico Chemical Co., Beker Phoe- 
phate Inc., Brewster Phosphates, CF Indus- 
tries Inc., Estech Inc., Gardinier Inc., W. R. 
Grace & Co., Hopewell Land Corp., Interna- 
tional Minerals & Chemical Corp. (IMC), 
Mobil Mining and Minerals Co., and USS 
Agri-Chemicals Inc. Occidental Chemical 
Agricultural Products Inc. produced phos- 
phate rock in Hamilton County, north Flori- 
da. 

Several small companies in north-central 
Florida recovered soft phosphate rock from 
tailing ponds remaining from old inactive 
hard-rock phosphate rock mines. The esti- 
mated combined annual capacity of 45,000 
tons has seldom been achieved. The soft 
rock was sold as an animal feed supple- 
ment. 

In North Carolina, Texasgulf Chemicals 
Co., a subsidiary of Société Nationale Elf 
Aquitaine, operated the Lee Creek Mine 
near Aurora. North Carolina Phosphate 
Corp., an Agrico mining company, sold its 
reserves and assets to Texasgulf. Agrico, a 
Williams Co. subsidiary, received 15% of 
Texasgulf's stock and a warrant to purchase 
up to an additional 4.9%. The merger, 


subject to Government antitrust review, 
was expected to be completed by yearend. 
Texasgulf was the only phosphate mining 
company producing in North Carolina. 

After divesting its North Carolina phoe- 
phate reserves and assets, Agrico operated 
three phosphate rock mines in central Flori- 
da until April, when the Saddle Creek Mine 
was closed. The Payne Creek and Fort 
Green Mines continued to operate through- 
out the year. The Payne Creek Mine's 
reserves were expected to permit operation 
for another 2 years. 

AMAX Phosphate Inc.’s Big Four Mine 
remained closed during the year. AMAX 
Inc. wrote down the value of its fertilizer 
business and was attempting to sell the 
assets of AMAX Phosphate. 

Beker announced in October that it had 
filed for reorganization under chapter 11 of 
the Federal Bankruptcy Code. Beker was 
unable to convince holders of its debt to 
exchange their debentures for new deben- 
tures and common stock. Throughout this 
period of adversity, Beker continued to 
produce phosphate rock at its Wingate 
Creek Mine. 

Brewster, a partnership of American Cy- 
anamid Co., 75%, and Kerr-McGee Corp., 
25%, operated the Haynsworth and Lone- 
some Mines in Polk and Hillsborough Coun- 
ties, respectively. American Cyanamid, 
Kerr-McGee, and IMC reached an agree- 
ment in principle, subject to approval of 
their respective boards of directors and 
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customary regulatory agencies, to lease the 
Haynsworth and Lonesome beneficiation 
plants. Remaining phosphate rock reserves 
at the two mines were to be mined under a 
royalty agreement. 

CF Industries operated the Hardee Phos- 
phate Complex I Mine at Fort Green to 
supply phosphate rock for its chemical com- 
plex at Bartow and Plant City, FL. The 
Hardee Complex II Mine was deferred, and 
the Complex I Mine expansion plans were 
also deferred. 

At the beginning of the year, W. R. Grace 
and IMC opened the Four Corners Mine at 
the intersections of Polk, Hardee, Manatee, 
and Hillsborough Counties, FL. The design 
capacity of the mine, with three draglines, 
was 5.5 million tons per year. W. R. Grace 
also operated the Hookers Prairie Mine, 
south of Mulberry, in Polk County, FL, and 
purchased 14.5 million tons of phosphate 
rock reserves from Agrico. 

Estech, an Esmark Inc. subsidiary, had 
divested many of its Florida phosphate rock 
properties in 1983 and 1984. In 1985, Ee- 
tech's retail fertilizer division was sold and 
the company was left with the closed Silver 
City Mine and one-third ownership in the 
active Watson Mine. Indications were that 
Estech's remaining assets would be put up 
for sale. 

Early in the year, Gardinier filed for 
court ion under chapter 11 of the 
Federal Bankruptcy Act in order to reorga- 
nize its finances. The phosphate rock mine 
near Fort Meade, FL, and the fertilizer 
manufacturing complex south of Tampe, 
FL, operated throughout the year, with 
occasional shutdowns to adjust inventories. 
Cargill Inc., an international marketer and 
processor of agricultural and other bulk 
commodities, offered to purchase 8096 of 
Gardinier in October. The agreement was 
finalized by yearend. 

Hopewell opened a 500,000-ton-per-year 
phosphate rock mine near Lithia, FL, at the 
beginning of the year. 

IMC, with 50% equity in the Four Cor- 
ners Mine, operated the Clear Springs, 
Kingsford, and Noralyn-Phosphoria Mines 
in central Florida. At yearend, IMC agreed 
in principle to lease the Lonesome and 
Haynsworth phosphate rock beneficiation 
plants from American Cyanamid and Kerr- 
McGee, owners of Brewster Phosphates, and 
mine the reserves of these mines under a 
royalty agreement. The merger was subject 
to Federal Trade Commission approval. 

Mobil operated the Nichols and Fort 
. Meade Mines in central Florida. The Fort 
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Meade reserves were expected to permit 
operation for only another 4 years at its 
current rate of production. Plans to con- 
struct a mine on Mobil’s South Fort Meade 
deposit were deferred because of unfavor- 
able economics. 

USS Agri-Chemicals, a subsidiary of Unit- 
ed States Steel Corp., operated the Rock- 
land Mine with Freeport Phosphate Rock 
Co., a 50% partner. United States Steel 
announced that USS Agri-Chemicals was 
for sale. USS Agri-Chemicals sold fertilizer 
through retail centers and was a partner in 
a joint venture, Fort Meade Chemical Prod- 
ucts, with W. R. Grace, in Fort Meade, FL. 

Occidental operated two phosphate rock 
mines, Swift Creek and Suwannee River, in 
northern Florida. Occidental had capacity 
to produce 1.1 million tons per year of 
phosphoric acid from two plants and the 
capability to convert the acid to superphoe- 
phoric acid to supply liquid fertilizer plants 
in the U.S.S.R. 

Tennessee.—Occidental, Monsanto Co., 
and Stauffer Chemical Co. mined and bene- 
ficiated phosphate rock from deposits in 
Giles, Hickman, Maury, and Williamson 
Counties. All of the phosphate rock was 
smelted in electric furnaces to produce P. 
Monsanto announced plans to close its 
P, plant in Columbia, TN, at the end of 
1986 and to consolidate production at its 
Soda Springs, ID, electric-furnace plant. 
Chesebrough-Pond’s Inc. purchased Stauf- 
fer in March 19865. 

Western States.—Phosphate rock was 
mined in Idaho, Montana, and Utah for 
smelting in electric furnaces to produce P, 
and phosphate fertilizer. 

Cominco American Incorporated operated 
the only underground mine in the country 
in Powell County, MT. After primary crush- 
ing, the ore was loaded into railroad cars for 
delivery to Kimberley, British Columbia, 
Canada. 


Stauffer mined phosphate rock from the 
Wooley Valley Mine, northeast of Soda 
Springs, ID. The phosphate rock was ship- 
ped to Silver Bow, MT, to produce P.. 

The Conda Partnership, a 50-50 partner- 
ship between Beker and Western Co-oper- 
ative Fertilizers Ltd., Calgary, Canada, 
mined phosphate rock from the Maybie 
Canyon Mine in Idaho. Part of the phos- 
phate rock was exported to Canada for 
conversion to phosphate fertilizers, and Be- 
ker’s share was beneficiated, calcined, and 
converted into phosphate fertilizers at Be- 
ker's fertilizer complex at Conda, ID. Pro- 
duction continued at the Maybie Canyon 
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Mine. 

Chevron Resources Co. mined phosphate 
rock from the Vernal Mine north of Vernal, 
UT. An expanded mine at Vernal, a pipe- 
line, and a new chemical complex at Rock 
Springs, WY, were scheduled to start oper- 
ating in 1986. The phosphate rock will be 
reground to pass through a 150-mesh screen 
and pumped as a slurry through a buried 
152-kilometer pipeline to Rock Springs at 
an initial rate of 1.1 million tons per year. 

J. R. Simplot Co. operated the Gay Mine 
on the Fort Hall Indian Reservation. With 
the addition of new reserves obtained from 
the Shoshone and Bannock Indian Tribes, 
the mine was expected to produce for 17 
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years at a rate of 1.7 million tons per year. 
FMC Corp. received 80% of the ore, a 24% 
to 25% phosphorus pentoxide P, O) shale 
for consumption in its 0.9-million-kilogram- 
per-year P, plant near Pocatello, ID. Sim- 
plot used the remaining 20% of the mine 
production in its phosphoric acid plant near 
Pocatello. 

Simplot replaced the Woodal] Peak Mine 
near Conda, ID, with the Smoky Canyon 
Mine near Afton, WY. The ore was benefi- 
ciated at the mine, pumped to the calcining 
kilns at Conda, and shipped by rail to the 
fertilizer plant at Pocatello. Operating at 2 
million tons per year, the Smoky Canyon 
Mine was expected to produce for 25 years. 


Table 2.—Production of phosphate rock in the United States, by region' 
(Thousand metric tons and thousand dollars) 


Marketable production 
Paz Ph PsOs Ph PsOs stocks 
Rock con- Rock con- Rock con- Rock con Value? 
tent tent tent tent 
1984 2 ocn 168,012 21,017 8,104 2,848 41,004 12,546 49,197 14,889 1,182,244 11,887 
1985. 
bigis regne 
North Carolina 86,806 10,746 8,818 1,000 290,877 23,690 7,885 545,581 18,115 
Tennessee 1.107 223 15 4 635 165 650 169 14,567 175 
Western States* 8,241 841 881 287 1,620 501 2,501 788 906 
Total“ 90,652 11.810 4,209 1,242 22,692 7,000 26,841 8.242 5631,082 14,196 
igi herr rp 
North Carolina 80,165 9,882 2,798 858 18,708 65818 21,506 6, 497,434 14,691 
Tennessee 1 239 18 8 570 147 584 151 18,058 151 
Western States“ 8,018 894 187 229 1,118 346 1,906 576 61,266 692 
Total“ 84,405 11.015 3,598 1.086 20,896 6,807 28,994 7.393 ®572,017 15,594 
Grand total? 175,058 22,825 7,807 2.327 48,028 18,907 60,885 15,684 51,908,265 xx 
Xx Not applicable. 


ted value. The total value does not equal the sum of the regional or 1/2-year totals 
Eeer velues wore uad tu thie aculeos The fetta aba t/ 1/2-year 


values 


CONSUMPTION AND USES 


The U.S. primary demand for phosphate 
rock declined about 1896 from its level in 
1984 as the U.S. farm economy remained 
depressed. Phosphatic fertilizers sold well 
at unprofitable prices in the export market, 
which was the principal reason for sustain- 
ing demand in 1985. 

With the exception of some low-grade 
phosphate pebble exported for electric- 
furnace consumption in Canada, phosphate 
rock from Florida and North Carolina was 


either consumed domestically or exported 
for fertilizer manufacture. Consumption of 
phosphate rock from Florida and North 
Carolina was about 12% leas than the quan- 
tity consumed in 1984. 

All of the phosphate rock mined in Ten- 
nessee was consumed in electric furnaces in 
Mount Pleasant and Columbia. Consump- 
tion was less than that of 1984. High-purity 
P. was used to produce technical- and food- 
grade phosphoric acid and other phosphate 
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chemicals for multiple uses. The demand 
for sodium tripolyphosphate, the detergent 
builder, declined as the quantity permitted 
in the formulation of washing compounds 
was roduced by more States and municipali- 
ties. 

In the Western States, a small percentage 
of the phosphate rock production was ex- 
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ported to fertilizer plants in western Cana- 
da. The domestic consumption pattern of 
phosphate rock from the Western States 
was about equally divided between fertilizer 
manufacturing and electric-furnace smelt- 
ing. Overall demand was about 20% leas 
than that of 1984 as consumption declined 
in the agricultural and industrial sectors. 


Table 3.—U.S. phosphate rock sold or used grade distribution pattern 


(percent 

BPL? content) 
Less than EEN 
60 to less than 66 `... -~--~ 
66 to less than 70 0) 
70 to less than 7⁊TTTT2?gz LL 2L LLL 
72 to less than “I 
74 or more ˙ i ³⁰˙¹ mj d eee wee 


Distribution (percent) 

1981 1982 1988 1984 1965 - 
3 5.6 4.9 8.0 12.1 41 
ecd d qd 15.7 15.6 14.6 8.1 10.8 
acr 60.1 63.8 60.6 68.0 61.8 
EO DM NE 9.6 5.8 8.8 10.1 10.0 
Bo RN 6.0 6.1 5.5 2.0 4.2 
555 8.0 8.8 8.0 4.7 8.0 


11.0% BPL (bone phosphate of lime or tricalcium phosphate): 0.458% PsOs. 


Table 4.—Florida and North Carolina phosphate rock sold or used grade 


bution 
Distribution (percent) 
BPL' content) 1981 1962% 1988 1984 1985 
Lass thân 60- ee dy ee wee ieee 0.2 0.6 8.8 1.8 0.6 
60tolessthan66 ___ b éér «„ „„ 14.4 12.2 18.0 7.0 10.2 
66 to less than 1/000—0) «44 67.0 68.5 64.2 67.5 70.8 
70 to less than 72 eee 7.7 6.9 9.6 9.9 10.2 
r r 7.1 7.2 6.4 24 4.8 
1008 DONS ²⁵Dp) e d 8.6 4.5 8.5 5.4 8.4 
11.0% PEE oni apr eel ler eset sur phosphate) = 0.458% PsOs. 
Pata do not add to 100% because of independent rounding. 
Table 5.— Tennessee phosphate rock sold or used grade distribution pattern 
BPL? contont) 1981 1982 1983 1984 1985 
ecl E e ³ ⁵ ↄ dd ³ EE te EE 60.6 88.0 89.4 100.0 100.0 
60 to lees than UU «„ „ũœp")?y 49.4 62.0 10.6 Ia 2 


41.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.45896 Deh. 


Table 6.— Western States phosphate rock sold or used grade distribution pattern 


Distribution (percent) 

BPL' content) 1981 1982 1988 1584  1985* 
Loos (RAO 6 eee eos 8 814 212 25.2 210 157 
60 to less than 68.022 d ocio cao ecole ue 160 — 294 275 191 196 
66 to less than N7TVTN————————————————— 28.5 — 484 478 896 542 
70 to less than ⁊——— w 9à.11 — .. — 143 104 


11.096 BPL (bone phosphate of lime or tricalcium phosphate) « 0.45895 PO. 


*Data do not add to 100% because of independent 
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Ipteeicsthomptinte FOEK POR 9r 0900 by Peocecers ta a United * 
region' 
(Thousand metric tons and thousand dollars) 


Florida and North Carolina Tennessee 
Grade (percent BPL* content) Bh Bh 
Rock content Value? Rock Steg Value? 
January-June 1904 23,022 1,096 541,849 125 188 18,672 
July-December 198 28,388 7.212 548.215 615 156 18,924 
January June 1985 
„ per et M ET 609 178 14,992 
60 to lees than 66 A A 2,019 674 87,654 TR ee cori 
66 to less than 70 A 15,709 4,868 854,866 zm SN Ss 
70 to less than 7772727272722 1.799 586 45,155 EM ict T: 
72 to less than ̃ĩ̃c ~~~ ____. 234 16,926 Sa ES e 
74 or mortneee A 168 261 28,902 23 PIR Se 
/// ²˙ A 20,990 6,506 488,400 669 178 14,992 
July-December 1985: 
low GO ` . 64 5,074 601 157 18,566 
60 to less than 6d 2,158 617 41,067 um e Js 
66 to less than 7p) 13,226 4,105 801,420 E SCH 2 
70 to less than 777. 2,374 772 53.747 s Te T 
72 to less than 74 LS A A 1,265 428 84,491 ES ENS e 
T4 or more 609 210 28,721 E EM M 
Total upra LEE Ec 19 194 459,541 601 151 1 
Western States* Total 
POs PO. 
Nock ntent Valus? Rock ontant Value? * 
January-June 1929299 2,431 711 78,045 26,178 7,990 633,066 
July-December 1980 8,096 887 83,097 21,098 8,254 645,203 
January-June 1985: 
Below doo 645 159 8,649 1,814 832 23,639 
60 to less than 66 .. 491 186 8,725 2,510 710 46,360 
66 to lees than 10 1,296 401 44,626 17,004 5,254 899,424 
70 to lees than 72 ________.____ 261 84 12,196 2,060 670 57,350 
72 to lees than ̃ũꝙc̃cc I ES hate, 700 294 16,926 
14 or more aå E» EN 768 261 28,902 
Total lͥẽ ~~ ee 2,692 180 74.191 24,851 7,461 572,422 
July-December 1985 
ow 60 EE 61 16 1,888 004 237 19,978 
60 to less than 666 112 9.028 2,552 129 096 
66 to less than bo) 1,147 855 86,004 14,318 4,460 331,478 
70 to less than ⁊L2⁊ãm222222 209 67 11,869 2, 889 65,608 
72 to less than T̃̃ ~~ Lc SES oe EXE 1,265 426 34.497 
74 or more KA EE Sg 609 210 23,721 
vr, ZWEE eed 1,811 560 58,242 22,286 6,901 531.215 


Data for the same items appearing in this and other tables may not reconcile because of computer rounding. 
aoe BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% Ph. 
.o.b. mine. 
*[ncludes Idaho, Montana, and Utah. 
The total value is based on a weighted value. The total value does not equal the sum of the regional totals because 
weighted regional unit values were used in the calculations. The regional values are approximate. 
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Table 8.—Phosphate rock sold or used by producers in the United States, by use’ 


(Thousand metric tons) 
1985 
1984 total January June July-December Total? 
ES Pai Pai Pai Pai 
Rock con- Rock con- con- Rock con- 
tent tent tent tent 
Domestic: 

Wet - process phosphoric acid 86,651 11.207 16,650 5,121 15,394 4,752 32,044 9,873 

Normal superphosphate _____ ~~ 103 34 41 16 25 8 12 
Triple superphosphate ..------ 1,062 336 806 255 635 209 1,441 463 
Da rock- ------- 68 24 26 9 29 10 55 19 
Direct application 95 33 51 17 44 15 94 32 
Elemental phosphoruns 8,722 953 1,689 436 910 241 2,599 677 
Ferrophosphorus. s 48 12 22 6 22 6 45 12 
Total? |... LL LLL 2c. — 41748 12.598 19,291 5,859 17.059 5.241 36,350 11,100 
Exportꝶů 2222222222222. 11,528 3,646 5,057 1,6602 6,226 1,660 10,284 3,263 
Grand total |... 53,277 16,244 24,348 7,461 22285 6.901 46,634 14,368 


1Data for the same items appearing in this and other tables may not reconcile because of computer rounding. 
Pata may not add to totals shown because of independent rounding. 

*Includes rock converted to producta and exported. 

*Exports reported to the Bureau of Mines by companies. 


Table 9.—Phosphate rock sold or used by producers in the United States, 
by use and region! 


(Thousand metric tons) 
Florida and 
" North Carolina Tennessee Western States? Total? 
se — — —— IST SO — — —— — RS ER 
P305 POs (CA P205 
Rock Content Rock content Boch content Rock content 
DORMS 1 uo A arte Sa 46,411 14,309 1,340 838 5,526 1,597 53,211 16,244 
1985: 
January-June: 
Domestic:* ; 
Agricultural 16.486 5,064 NUN Bde 1,143 353 17,579 5,418 
Industrial 7 2 669 173 1,036 266 1,712 442 
Total 16,443 6,066 669 178 2,179 619 19,291 6,860 
Export? 4,547 1,442 EE m 511 161 5,057 1,602 
Total 20.990 6.508 669 173 2,690 780 24,348 1,462 
July-December: 

Doinestic:“ . 
Agricultural 15,106 4,678 VEN ma 1,021 316 16,127 4,994 
Industrial! 6 2 607 157 319 88 932 247 
Total! 15.112 4.680 607 157 1.340 404 17,059 5.241 
Exports |... ... 4,156 1,514 a mes 410 146 5,229 1,660 
Total? _____ 19,868 6,194 607 157 1,810 550 22,285 6,901 
Grand total? _ 40,857 12,701 1,276 830 4,501 1.881 46,634 14,364 


Pata for the same items appearing in this and other tables may not reconcile because of computer rounding. 
Includes Idaho, Montana, and Utah. 
Pata may not add to totals shown because of independent rounding. 
Includes rock converted to products and exported. 
Exports reported to the Bureau of Mines by companies. 
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Table 10.— Florida and North Carolina 
phosphate rock sold or used by producers! 


PO. 
us N Value 
Y send thou- Total 
a metric sand Es re? goss nif 
tons) tons) 
19811 88,458 11,985 $1,064,459 $271.68 
1982 ____ 10,192 850,794 25.93 
1983 ____ ,223 12,456 944,509 23.48 
19800 46,411 14,809 1,089,647 23.48 
1985 ____ 12,708 942,956 23.06 
‘Data for the same items in this or other 
tables may not because of computer rounding. 
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Table 11.—Tennessee phosphate rock sold 


or used by producers! 
Pei 
en content Value 
Y sand thou- Total 
mw mete Sand (thou. Average 
tons) ions) sands) 
1981 1,879 357 $17,401 $12.62 
1982 960 248 12,972 13.51 
1983 |... 1,187 801 28,935 24.38 
1984 __ 1,340 838 32,590 24.32 
1985 ____ 1,276 830 28,557 22.38 
‘Data for the same items appearing in this or other 
tables may not reconcile because of computer rounding. 


Table 12.—Western States phosphate rock 


sold or used by producers 
Ph 
Leeën ou Ca Value 
Year sand thou- Total 
metric me, (thou. Average 
tons) ‘one sands) 
1981 -.... 6,672 1644 $190,194 $22.96 
1982 .... 4,807 1,875 119, 24.90 
1983 |... 5,428 1,578 149,520 27.55 
1984 _. 5,526 597 156.119 28.25 
1988 4.500 1,880 132,345 29.41 


STOCKS 


Inventories of marketable phosphate rock 
were reported to the Bureau of Mines by 
producing companies on a monthly and 
semiannual basis. The data from the 
monthly surveys permitted the Bureau to 
publish the increase or decrease of stocks 
throughout the year in the monthly “Phos- 
phate Rock Mineral Industry Survey.” The 
semiannual surveys permitted respondents 
to adjust or correct reported stock levels, 


and these changes were reported in the 
“Annual Advance Summary Mineral Indus- 
try Survey,” the “Crop Year Mineral Indus- 
try Survey," and the "Minerals Yearbook.” 

The significant decrease in 1984 stock 
levels from those of 1981, 1982, and 1983 
reflected improvement in phosphate rock 
demand during 1984. During 1985, invento- 
ries of phosphate rock gradually increased 
as demand declined throughout the year. 


Table 13.—Marketable phosphate rock 


yearend stocks 

(Million metric tons) 
Year Quantity 
7ö§; 0 CE SUN 15.2 
)! 8 18.7 
IB ooo dece nc re 15.7 
J v eee 14.5 
T. EE 13.7 
Jö ( 19.6 
EE 18.8 
IR 14.5 
Jö ant ⁰ ER 11.9 
TEEN 15.5 
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Phosphate rock was sold under contracts 
negotiated between buyers and sellers. Al- 
though list prices were occasionally publish- 
ed by producing organizations, actual con- 
tract prices negotiated between buyer and 
seller were not published. 

Phosphate rock export prices from Tampa 
and Jacksonville, FL, included a freight, 
loading, and weighing cost of $6.10 and 


Table 14.—Phosphate rock estimated geg 


vessel Tampa Range or 
Grade (percent BPL* content) 
EE 
NO ie eer ea rea 2 en ae eae 
77) 8 
777) T0Tswd E 


$7.90 per ton, respectively. The severance 
tax, included in the export price, was $2.52 
per ton. 

The weighted average prices or values, 
f.o.b. mine, for each grade of phosphate rock 
and for each producing State were calculat- 
ed by the Bureau of Mines from the semian- 
nual survey of producing mines. 


rt prices! per metric ton, unground, f.o.b. 


acksonville, FL, by grade 
1982? 1983* 1984* 1985* 
ce $23.00 $27.00 $26.50 $26.00 
= 23.50 28.00 27.50 28.00 
as 27.00 30.00 80.50 80.50 
Sg 84.00 85.00 85.00 84.00 


Table 15.—Moroccan phosphate rock 
export prices, U.S. dollars per metric ton, 


f.a.s. Safi or Casablanca,* by grade 
t 
Gë 1862 1988 1984 1985 
tont) 
701071 _ 42.00 85.00 36.00 36.00 
16toTl _ 50.00 45.00 41.00 47.00 
Youssoufia: 
69 _ 38.00 29.00 80.00 30.00 
74 to 75 47.00 41.00 43.00 48.00 


*Estimated. 
11.0% BPL (bone phosphate of lime or tricalcium phos- 


phate) 0.458% PsOs. 


Table 16.—Price or value of Florida and North Carolina phosphate rock, by grade 
(Dollars per metric ton, f.o.b. mine) 


1984 1985 
Grade (percent BPL? content) 

Home Export Average Hm Export Average 
Lees than Gb 25.14 25.64 25.28 21.50 on 21.50 
60 to less than dbb 20.90 20.10 20.75 18.59 20.69 18.84 
66 to less than 70 ꝶh⸗ LLL -~--~ 22.19 24.51 22.45 22.75 22.28 22.68 
70 to less than 22222 25.34 25.75 25.65 21.98 24.63 28.70 
72 to less than TT“ 24.49 32.10 28.08 22.59 30.86 26.17 
h/ ² AAA 29.81 83.01 31.40 84.44 40.77 

Aere. -ħħ 22.67 26.23 23.48 22.41 25.35 23.08 


41.09% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% Path. 


754 MINERALS YEARBOOK, 1985 


Table 17.—Price or value of Western States phosphate rock, by grade 
(Dollars per metric ton, f.o.b. mine) 


1984 1985 
Grade (percent BPL? content) 

poner Export Average gud Export Average 

Lees than 60 |. Le 15.22 SCH 15.22 14.14 z2 14.14 
60 to less than dds 11.15 41.51 16.33 11.81 42.95 20.06 
66 to less than 70 ẽ 2. LLL Lc 2 222 LL 2L 2L 32.14 44.81 35.80 81.90 41.79 33.02 
70 to less than 72 |... „„ „„ 45.78 51.45 41.81 a= 51.20 51.20 
Average- ---------------------- 23.81 46.03 28.25 24.63 46.58 29.41 


11.0% BPL (bone phosphate of lime or tricalcium phosphate) = O. 458% PsOs. 


Table 18.—Price or value of Tennessee 
phosphate rock, by grade 
(Dollars per metric ton, f.o.b. mine) 


Grade (percent BPL? content) 1984 1985 


24.32 22.38 


11.0% BPL (bone phosphate of lime or tricalcium phos- 
phate) 0.458% PO,. 


Table 19.—Price or value of U.S. phosphate rock, by grade 
(Dollars per metric ton, f.o.b. mine) 


1984 1985 
Grade (percent BPL? contont) 

Homer Export Average ee: Export Average 

Less than e 22.25 25.64 22.15 19.66 cm 19.66 
60 to less than dd 18.47 24.94 19.67 17.57 27.76 19.06 
66 to less than 1¶ „ 22.72 27.62 23.32 23.49 23.44 23.48 
70 to less than 777777777 31.55 27.77 28.93 21.98 28.56 26.48 
72 to less than 74 ~_-___________ cs ccc rcl 24.49 32.10 28.08 22.59 30.86 26.17 
Mor mo se rm cee S ceu 29.31 33.01 31.40 84.44 40.77 $8.35 
Average- EE 22.84 28.17 23.99 22.62 27.38 23.67 


11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% POs. 


FOREIGN TRADE 


Phosphate rock export tonnage declined 
11% from that of 1984, breaking a trend of 
increasing phosphate rock exports that be- 
gan in 1981. The decline in exports was 
attributed to increased competition from 
other phosphate rock exporting countries 
and a reduction in world demand. Erosion 
of trade in phosphate rock was further 
exacerbated by increased trade in high 
analysis phosphate fertilizers. Trade in am- 
monium phosphates, triple superphosphate, 
and phosphoric acid increased as more 
countries with phosphate rock reserves pro- 
duced phosphoric acid and phosphate fertil- 
izers for export markets. 


In Florida, increases in rail freight rates 
from mine to port, port charges, and the 
severance tax reduced the competitive posi- 
tion of phosphate rock exports. 

Trade in phosphate fertilizers was char- 
acterized by oversupply and weakening 
prices throughout the year. Nameplate ca- 
pacity of phosphate fertilizer plants exceed- 
ed the demand for these commodities. The 
plant capacity utilization rate was reduced 
to 65% or 70%. 

The quantity of phosphate rock imported 
into the United States in 1985, as reported 
by the Bureau of the Census, is shown in the 
following tabulation: 


See footnotes at end of table. 
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Country . 
of orici Metric tons 
NARNIA ES 36 
Dominican Republic 60 
Do ³ KA 47 
Weeweiser LLLI 208 
Netherlands `. 2,791 
Netherlands Antilles __._______.___ — 4,158 
TORO 2 EE el ee 
United Kingdom... -- --- -----—-— 391 
Total EE 83,891 
NOTE: Reported imports from Canada are excluded. 
Table 20.—U.S. exports of phosphate rock, by country 
(Thousand metric tons and thousand dollars) 
(Schedule B No. 480.4500) 
: 1984 1985 
gé Quantity Value! Quantity Value! 
Australi e: Lec a ee a E died 212 6,199 98 
NIT WEE Se 
Belgium-Luxembourg - - --- -- --------------------—- 549 17,454 383 
7 dd y JUR he fo 12 1 21 
(e RT TEE 2,998 106,479 2,643 
Finland ecw oe te ENEE 149 4, 162 
France: S ...!... ee at 702 23, 668 
Germany, Federal Republic of... 541 16,770 665 
IJ A 8 248 9,954 480 
14 J ↄ ⁵ð 8⁵ 2.640 97 
J A Sor E 1,274 50,843 803 NA 
Korea, Republic of- sss 1,501 46,750 1,540 
EE 429 12,861 258 
Naben ee ee ek tee eee ou 640 18,957 555 
New Zealand WEE 51 1,578 116 
Pi“) e a tia ee ee sia 25 974 30 
oland EE *700 *20,894 154 
Romania nc p p 433 17,435 223 
S ⁰ W MY AAA ³ꝛ¹ꝛ]] EE 187 6.797 83 
c t abi cc Pe 23 854 hr 
United Kingdoun! kn 2 854 t 
Other Soo ˙¹ ³˙¹ wVdü eme cusa LEE E 1511 24,201 699 
TOUR - d ete er es EE E 11,316 892,032 310,284 3281,515 
*Estimated. "Revised. NA Not available. 
1 Al! values f.a.s. (free alongside ship). 
Total quantity and value reported to the Bureau of Mines, f.o.b. mine. 
Source: Bureau of the Census. 
Table 21.—U.S. exports of superphosphates, more than 40% P, O., by country 
(Thousand metric tons and thousand dollars) 
(Schedule B No. 480.7050) 
1984 1985 
Country 
Quantity Value! Quantity Value! 
Argentine... Eeer 9 1,107 8 
Belgium-Luxembourg. - ~- - - - --- 2-22 222222222 22222 78 9,208 111 
Brad coe ee eec ³⅛ð b. uic E E 8 44 6,031 158 
Bulgſudſ e te 92 11,781 20 
I ³˙²̃ꝛàꝛEæ ⅛o»WͤA.. a EE 15 2.840 ES. 
uS pM ⁊ð ß ͥͥ⁰ yd 204 30,867 289 
e TEEN 182 15,660 158 
%kä ðVᷣ ff EEN 15 2.720 17 NA 
Costa Rica. ² ⅛ ·˙· 5·ʃÜßßͥxͥͤ e 8 1.035 9 
Dominican Republic 222 .--------------------- cz 8 1,490 31 
%%% e cuna d atur y Med a 8 9 1,063 62 
Germany, Federal Republic of... 80 9,772 58 
Ell. Ee ³ y eam 15 1.739 2O 
Ireland. vacua cn ee ³ AA 88 4,887 27 
Italy gcn ccr OE 1 924 10 
SEET re Zeen 80 4.286 84 


~J 
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Table 21.—U.S. exports of superphosphates, more than 4096 Ph, by country—Continued 
(Thousand metric tons and thousand dollars) 


(Schedule B No. 480.7050) 
1984 1985 
ey Quantity Value! Quantity Value! 
Pori EE 14 1,987 1: "A 
Venegas 8 1,548 1 
Other EE EE 228 89,822 408 
C0 a ee ce ate ete ee en 1,000 149,096 1,416 176,417 

NA Not available. 

1 All values f.a.s. (free alongside ship). 

Source: Bureau of the Census. 


Table 22.—U.S. exports of superphosphates, less than 40% P,O,, by country 


(Schedule B No. 480.7030) 
1984 1985 
Country — aat Quast Valor 
tona) (thousands) tons) (thousands) 
Canada cnc es Si nce oe E 1,097 $24 3,651 $79 
Other noun eee eee ee Sete ue ete 660 80 451 19 
„ eae ee ee EE 1,761 54 4,108 98 
! Al! values f.a.s. (free alongside ship). 
Source: Bureau of the Census. 
Table 23.—U.S. exports of diammonium phosphates, by country 
(Thousand metric tons and thousand dollars) 
(Schedule B No. 480.8005) 
Ge 1984 1985 
Quantity Value’ Quantity Value’ 
BED S. ]˙ÜU s Se e qe au ae SE 84 15,901 59 
% ³˙mm . ˙²˙ʃi oes eds 206 41,339 230 
TTT WT Ge E 748 139,672 482 
eee eee ee ees ee ee 91 17,660 35 
c 7t MSNOP EE E EEN e EN n Ca ES, S ei 115 22,753 193 
% ³]².i. oe ae er eos ae heehee E 51 10,257 65 
e TTT qeu 1,229 230,928 789 
RT WTAE .. queo er e SORA, AES 61 11,920 97 
. re EE Uf eh EE De en RA Ae etl eain wa, b ae, d 19 3,838 25 
nr ⁰ð db deems a oo i d E 31 5,849 38 
Z —— Se See dr E ee 39 1,188 33 
France J :: . s 2, Sot ES 19 3.769 50 
Germany, Federal Republicof. .. 2... 21 5,028 Bl 
DINEM Oe ise aa MP Sel re ee EC er UN n 13 2,962 18 NA 
ee ee NBI ee ee ee = 1,189 221,331 1,853 
a” ee delatus in path dic orba t Gail eee en ͤ sm od ae 34 5,115 51 
T—T— TEE Qd UE oo rus eph (ER da v E 128 24,351 174 
Japan EVEN br e? 488 92,197 349 
1 cus — e apro 261 52,049 186 
TTT ü E e, sse A. Ei ID cir et Ee 19 3,394 TO 
h TT oo e 45 8.978 36 
Nicaraguas = St — erën Ze de 19 2,812 =< 
Pakistan CCC ˙¹ cc. . 247 48,680 326 
Thailand — „„ ch 68 12,335 34 
Turkey SS 60 11,844 230 
VEM Netra apa dicte ee e ptm EE eal B d 49 
1 tage ogre os — 79 15,268 120 
S01 ee ee AC ER PS GH? Z 970 175,889 458 
Total- -= rrean .! 6,346 1,200,579 6,131 1,048,322 
NA Not available 


! Al] values f.a.s. (free alongside ship). 
Source: Bureau of the Census. 
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Table 24.—U.S. exports of phosphoric acid, 
less than 65% P, O., by country 


(Thousand metric tons and thousand dollars) 
(Schedule B No. 480.7016) 


1984 1985 
Sé Quantity Value’ Quantity Value’ 
Canada 8 520 2 
Colombia 9 2,061 6 
Federal Re- 
lic o. 54 18,897 24 
eg 212 45,001 878 NA 
Indonesia 95 20,465 
Mexico 21 4,051 "Ms 
Turkey- 140 25,612 63 
Venezuela .. _ 100 23,322 146 
ERU 233 46,626 55 
Total 867 181.055 716 141,162 
NA Not available. 


1 All values f.a.s. (free alongside ship). 
Source: Bureau of the Census. 


Table 25.—U.S. exports of elemental 
phosphorus, by country 
(Schedule B No. 415.3500) 


1984 1985 
Coun Quantity Value tity Value? 
ty metric (thou- metric (thou- 
tons) sands) tons) sands) 
Brazil 8,270 $5,068 1,504 
Canada 1,518 1,888 6,093 
China 2,816 
Japan 5,116 9,647 1,106 
Korea, 
ic of 496 752 718 NA 
. 19 78 
Taiwan 793 986 885 
Other 680 1.140 258 
Total... 14,852 22,915 17,181 $21,024 
NA Not available. 
1 All values f.a.s. (free alongside ship). 
Source: Bureau of the Census. 


Table 26.—U.S. imports for consumption of phosphate rock and phosphatic materials 
(Thousand metric tons and thousand dollars) 


Fertiliser 1808 N = 2o 
o. 
" Quantity Value! Quantity Value! 
Phosphates, crude and apatite? 480.4500 9 214 84 1,593 
Phosphatic fertilizers and fertilizer materials 480.1010, 
480.8095 119 1,586 80 5,929 
Dicalcium phosphate 418.2800 Et 1 841 
2% ui a et a E erae 415.3500 14 6,482 2 8,580 
Phosphoric acid, technical- and food-grade — — — — — 416.3000 110 4,060 SS Ee 
acid, fertiliser grado 480.7010 1 880 à 68 
Normal super phosphate 480.7080 1 141 1 120 
Triple su Wo ee ec 480.7050 9 1,029 2 304 
TRevised. 
!Declared customs valuation. 


*Excludes reported imports from Canada and Israel. 
Lees than 1/2 unit. 


Source: Bureau of the Census. 


WORLD REVIEW 


During the past decade, world phosphoric 
acid capacity had increased from 19 million 
tons P,O, equivalent to 35 million tons P. O. 
as countries with phosphate rock mines 
determined that it was economically advan- 
tageous to upgrade phosphate rock to phos- 
phoric acid or ammonium phosphates. New, 
efficient, low- cost wet- process phosphoric 
acid plants were constructed in countries 
with indigenous phosphate rock deposits to 
increase exports of these higher value com- 
modities. Historically, the United States 
had been the only country exporting phos- 
phoric acid and solid fertilizers produced 
from domestic raw materials. One of the 
effects of new downstream plants con- 
structed for the export market was to limit 


phosphate rock trade. The rate of increase 
of phosphate rock trade has been steadily 
declining. 

The International Fertilizer Industry As- 
sociation reported that in 1984, the latest 
full year of data available, Morocco was the 
largest exporter of phosphoric acid, followed 
by the United States, Tunisia, the Republic 
of South Africa, and Jordan. The total 
phosphoric acid traded internationally in 
1984 was 2.5 million tons P. O., which was 
equivalent to about 8.3 million tons of 70% 
bone phosphate of lime (BPL) phosphate 
rock. For comparison purposes, internation- 
al trade in phosphate rock in 1984 was 
about 48 million tons. 

Brazil.—With the exception of a local 
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supply for the Sotave Amazonia Quimica 
project on Caratateua Island near Belém, 
Brazil has been self-sufficient in phosphate 
rock. Phosphate rock for annual production 
of 300,000 tons of complex fertilizers and 
300,000 tons of single and triple superphos- 
phate at the project was to be imported 
from the United States. The plants were 
scheduled to start in 1986. 

China.—The principal phosphate rock 
producing Provinces in China were Guiz- 
hou, Hubei, Hunan, Jiangsu, Sichuan, and 
Yunnan. In a report? given at the 10th 
enlarged council meeting of the Interna- 
tional Fertilizer Industry Association, phos- 
phate rock production was reported to be 
11.7 million tons in 1984 and increasing at 
an average rate of 7.8% per year. Phosphate 
rock reserves were reported to be 11.8 
billion tons. Over 90% of the phosphatic 
fertilizer produced in China was single su- 
perphosphate and fused magnesium phos- 
phate. 

Christmas Island.—Phosphate Mining 
Co. of Christmas Island shipped phosphate 
rock to China, Japan, the Republic of Ko- 
rea, Malaysia, and Taiwan. A Grade phos- 
phate rock, 35% P. O,, was exported. It was 
estimated by the operators that only a few 
million tons of A Grade material remained 
in the reserve. The remaining reserve, clas- 
sified as B Grade, was about 50 million tons. 

Egypt.—A contract was awarded to con- 
struct a washing and flotation plant at the 
West Sabaeya Mine in Upper Egypt. The 
plant was designed to process 3,500 tons per 
day of ore. Plans were to pump the concen- 
trates 4 kilometers to a site on the Nile for 
shipment by barge to the Zaabal Fertilizer 
& Chemical Co. plant in Lower Egypt.“ 

Finland. Production from the Siilinjarvi 
Mine increased from 200,000 tons in 1980 to 
500,000 tons in 1985. The flotation concen- 
trates averaged 35.5% P, O, and 1.45% mag- 
nesium oxide (MgO). Byproduct recovery of 
calcite was accomplished by flotation of the 
apatite flotation tailings. About 100,000 
tons of the calcite was sold as agricultural 
lime in the adjacent farming districts. 
Phosphogypsum recovered from the phos- 
phoric acid plant was stockpiled. A 50,000- 
ton-per-year coating-pigment plant had 
been constructed in 1984 to use the stockpil- 
ed phosphogypsum. 

India.—Of the three main Indian phos- 
phate rock deposits, Mussoorie in Utter 
Pradesh and Jhamar Kotra and Jhabua in 
Rajasthan, only the Jhamar Kotra rock has 
been suitable for manufacturing phosphate 


MINERALS YEARBOOK, 1985 


fertilizers. Mussoorie and Jhabua phos 
phate rock has been ground for direct appli- 
cation. With limited domestic supplies of 
phosphate rock, India has relied on import- 
ed processed phosphates to meet increasing 
fertilizer demand. 

Israel.—Negev Phosphates Ltd. operated 
the Nahal Zin and Oron Mines in the Negev 
Desert. To increase phosphate rock capaci- 
ty, a secondary crushing station was in- 
stalled at the Nahal Zin Mine and a coel- 
fired calcining kiln was installed at Oron. 
Reserves of the recently discovered high- 
grade Bikaal deposit between Arad and 
Beersheba were estimated to be 100 million 
tons. To increase phosphate rock production 
and meet Negev Phosphates' targets for 
1990, plans were to expand the Nahal Zin 
Mine and mine the Bikaal deposit.* 

Jordan.—Jordan Phosphate Mines Co. 
(JPMC) demonstrated that large areas of 
the country have phosphate resources. The 
three principal areas are Ruseifa, 15 kilo- 
meters north of Amman; El Abyad and El 
Hasa, 120 to 140 kilometers south of Am- 
man; and Shidiya, 230 kilometers south of 
Amman. Most of JPMC's production, about 
5 million tons per year, has been from E 
Hasa. Production from Ruseifa has been 
about 800,000 tons per year. The phosphate 
rock from both mining areas was benefici- 
ated by wet screening, desliming, and dry- 
ing. JPMC planned to produce 3 million 
tons per year from the Shidiya deposit, with 
reported reserves of 500 million tons. Plans 
were to expand the mine to 9 million tons 
per year by the end of the century. 

Mexico.—Construction of a 3-million-ton- 
per-year P,O, addition to the fertilizer com- 
plex at Lázaro Cárdenas was scheduled for 
completion in 1985. The expansion was 
designed for annual production of 396,000 
tons of phosphoric acid, 215,000 tons of 
nitric acid, 215,000 tons of ammonium ni- 
trate, and more than 1 million tons of 
compound fertilizers. At the San Juan de la 
Costa Mine on the Baja California Sur, a 
concentrate drying plant was installed to 
augment sun drying. With the drying facili- 
ty, additional trucks, and front-end loaders, 
Roca Fosfórica Mexicana S.A. de C.V. (RO- 
FOMEX) planned to be able to achieve the 
original design capacity of 700,000 tons per 
year by 1985. Additional phosphate rock 
mining was planned for ROFOMEX’s San 
Hilario and Tembabiche deposits. 

Morocco.—Production of phosphate rock 
continued from the Sidi Daoui and Meraa el 
Arech open pit mines in the Khouribga 
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District. Five active underground mines at 
Khouribga were programmed to be phased 
out as more open pit capacity was devel- 
oped. At Youssoufia, surface mining ended. 
White rock was mined from Recette 4 and 5. 
Black rock from Recette 7 was calcined in a 
fluidized bed kiln at a rate of 600,000 tons 
per year. Three additional kilns were being 
erected, each with a design capacity of 1.2 
million tons per year. A new 4-million-ton- 
per-year dry beneficiation plant began op- 
erating with concentrates from the Beni- 
Idir drying plant. Concentrates from the 
Ben Guerir Mine were shipped to Safi, 
washed with seawater to reduce the MgO 
content, and processed at Maroc Phosphore 
II into phosphoric acid for export. The 
initial exploration of the Meskala deposits 
ended. A drilling program was planned in 
cooperation with the U.S.S.R. to obtain 
more information on favorable areas. Pro- 
duction from the Bu Craa Mine in the 
Western Sahara was limited to about 1 
million tons per year by inadequate crush- 
ing and screening capacity at the mine and 
insufficient freshwater at the Laayoun 
beneficiating plant. These bottlenecks were 
being corrected to increase capacity to 2 
million tons per year. The port and chemi- 
cal complex at Jorf Lasfar was expected to 
be completed in the first quarter of 1986. 
The complex was designed for annual pro- 
duction of 1.5 million tons P,O, phosphoric 
acid, 600,000 tons per year triple superphos- 
phate, and 396,000 tons per year monoam- 
monium phosphate from Khouribga District 
phosphate rock. 

Pakistan.—A new phosphate rock mine 
near Kakul, in the Northwest Frontier 
Province, about 75 kilometers north of Is- 
lamabad, was expected to produce about 1 
million tons per year for consumption by 
National Fertilizer Corp. 

Senegal. - Compagnie Sénégalaise des 
Phosphates de Taiba (CS PT) produced ap- 
proximately 2 million tons of calcium phos- 
phate concentrates, and Société Sénégalaise 
des Phosphates de Thies produced 600,000 
tons of aluminum phosphates. CSPT had 
reserves of 20 million tons in the Keur 
Mor Fall deposit and 60 million tons in 
the nearby Tobene deposit. The Société 
d’Etudes des Industries Chimiques du Sene- 
gal constructed a 476,000-ton, merchant- 
grade phosphoric acid plant at Darow- 
Khoudoss near the Taiba Mine. 

South Africa, Republic of.—Phosphate 
Development Corp. Ltd. was working on the 
reclamation of phosphate rock from tailings 
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and on improving the efficiency of classifi- 
cation in the phosphate rock grinding cir- 
cuits. Increased production of 86% BPL 
phosphate rock was anticipated with instal- 
lation of more effective filters in early 1986. 
In the foskorite flotation plant, a new de- 
sliming system was installed. The advan- 
tages expected were reduced consumption 
of flotation reagents and decreased MgO 
content.* 

Togo.— Feasibility studies were authoriz- 
ed by the Office Togolaise des Phosphates to 
develop a new phosphate rock mine at 
Dagbati. Demand for Togo's high-grade 
phosphate rock prompted reopening of the 
Hahotoe-K'pogame Mine’s fifth benefi- 
ciation line, which had been closed since 
1981. The high price of sulfur was in part 
responsible for increased exports of To- 
golese phosphate rock, because high-grade 
phosphate rock usually requires less sulfu- 
ric acid per ton of phosphoric acid produced. 

Tunisia.—Société Tunisienne de Explori- 
tation Phosphatieres Co. mined the Kalaa 
Djerda deposit in central Tunisia. In the 
Gafsa Basin, phosphate rock was mined by 
Compagnie des Phosphates de Gafsa (CPG). 
CPG was modernizing facilities at the Mou- 
lares, M'Dilla, and Sehib Mines to raise 
capacities and the quality of the phosphate 
rock. New mines and plants at Kef Eddour 
and Jellabia were planned for operation in 
1986. Tunisia and Kuwait established the 
Société Sra Ourtane Co. to plan the produc- 
tion of 10 million tons per year of phosphate 
rock from the Sra Ourtane deposit by the 
year 2000. 

U.S.S.R.—The U.S.S.R. announced the 
discovery of phosphate deposits in the Kyzyl 
Kum Desert. The deposits are within a 
1,500-kilometer radius of Muruntau.* At the 
Black Sea port of Yuzhnyy, two mechanical 
ship unloaders, conveyor systems, storage 
sheds, stackers, and scraper reclaimers 
were being installed to handle 1.2 million 
tons per year of phosphate rock from Moroc- 
co. It was planned to double the capacity of 
the installation to accept increasing phoe- 
phate rock tonnage from Morocco. At the 
“Apatit” industrial complex of Khibiny on 
the Kola Peninsula, which produces about 
80% of the U.S.S.R.’s phosphate rock, min- 
ing was conducted in three underground 
and two open pit sites. About 45 million 
tons of ore was mined from the open pits 
and 17 million tons from the underground 
mines. As the open pits are depleted, the 
U.S.S.R. intends to increase production 
from the underground mines.’ 
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TECHNOLOGY 


Processing Florida phosphate rock typi- 
cally involves screening and washing the 
matrix to separate a plus 16-mesh pebble 
fraction and a minus 150-mesh slime frac- 
tion, which is stored in slime ponds and 
slowly dewatered. The slime fraction of the 
Florida matrix is about one-third by weight 
and analyzes from 5% to 15% P. O.. In some 
instances, the total P,O; in the slimes repre- 
sents as much as one-third of the total P,O, 
in the original matrix. If the P,O, could 
be recovered profitably from impounded 
slimes, the life of the Florida phosphatic 
industry would be extended. Bureau of 
Mines investigators conducted batch flota- 
tion tests on the minus 150-mesh, plus 20- 
micrometer fraction of bulk samples from 
slime ponds. Concentrates were produced 
that analyzed 22% P,O, with a P,O, recov- 
ery of 600%.“ 

Demand for elemental sulfur for conver- 
sion to sulfuric acid to leach phosphate rock 
and produce phosphoric acid and a byprod- 
uct waste, phosphogypsum, has markedly 
increased during the past several years. As 
the selling price of sulfur increased, the 
feasibility of recovering sulfur from the 
phosphogypsum improved. Bureau of Mines 
process development work has showed that 
99% of the calcium sulfate in the phospho- 
gypsum could be converted to calcium sul- 
fide by heating with coal, which provides a 
reducing atmosphere, at 875° C. Calcium 
sulfide was converted to elemental sulfur by 
reacting aqueous calcium sulfide slurry 
with ammonia and carbon dioxide to pro- 
duce calcium carbonate and ammonium 
bisulfide. The precipitated calcium carbon- 
ate was separated by filtration and the 
ammonium bisulfide was oxidized with air, 
using a carbon catalyst, to form ammonium 


polysulfides. When the ammonium polysul- 
fides were distilled, elemental sulfur precip- 
itated and the ammonia and sulfide sulfur 
were condensed and recycled to the initial 
reaction.* 

In the production of phosphate rock for 
phosphoric acid manufacture, P,O, recovery 
from the phosphate matrix is limited by 
losses during mining and beneficiation. If 
the established beneficiation process could 
be eliminated by acidulating the matrix 
directly, potential recovery of the phoe- 
phate values could exceed the current level 
of 60% recovery. Attempts to recover phos- 
phate values by direct acidulation had not 
been succeasful previously because impuri- 
ties such as iron and aluminum were leach- 
ed as well as the phosphate. These dis- 
solved metals are difficult to separate from 
phosphoric acid. To overcome the problem 
of impurities, the Bureau of Mines investi- 
gated the use of an acid-alcohol mixture as 
the leaching agent. Iron and aluminum, 
which were insoluble in the mixture, were 
separated from the phosphoric acid by fil- 
tration. Phosphate recoveries as high as 
88% were obtained in the laboratory. 


! Physical scientist, Division of Industrial Minerals. 
enlarged coun a ptg in tional e Een idus 
Interna 
OY ple eg Pih ong Kone: Dec. 3-4, 1984, 8 pp. 
available from IFA, Paris, 
1885. Newe V. 44, No. 1160, Jan. 21, 


‘Industrial Minerals (London). V. 211, Apr. 1985, p. 11. 
Bien Mei) 5 Corp. 1985 Annual Report. 


Oct. 14, 1 
peas Chemical News. V. 45, No. 1188, July 15, 


1985, p. 

"Mining Magazine. June 1985, p. 571. 

Pederson, J. R. (ed.). Bureau of Mines Research 1985. 
BuMines SP 2-85, 1985, p. 64. 

*Page 65 of work cited in footnote 8. 

16Page 47 of work cited in footnote 8. 


Platinum-Group Metals 


By J. Roger Loebenstein! 


World mine production of platinum-group 
metals (PGM) in 1985 was 8.0 million troy 
ounces, 94% of which was accounted for by 
the U.S.S.R. and the Republic of South 
Africa. The Republic of South Africa re- 
mained the leading producer of platinum, 


and the U.S.S.R. remained the leading pro- 
ducer of palladium. 

Imports of waste and scrap, having more 
than doubled since 1980, remained high in 
1985. The principal sources of waste and 
scrap were Canada and Mexico. 


Table 1.—Salient platinum-group metals! statistics 


(Thousand troy ounces unless otherwise specified) 


1981 1982 1983 1984 1985 
United States: 
Mine production??? 1 8 6 15 W 
value thousand dollars. _ 7$1,303 T$819 7$1.118 $2 456 $523 
Refinery production: 
Primary refined 1 9 9 24 5 
Secondary: 
Nontoll-refined ` ------------- 392 344 303 T340 259 
Toll-refined. - - -------------- 1,191 868 995 1,157 1,038 
Total refined metal... 1,590 1,221 1,307 71,521 1,302 
Stocks, yearend: 
Industry (reſined ..--... ~~ 918 1,107 943 11,319 1.191 
National Defense Stockpile: 
Platinum... 453 453 453 453 453 
Palladiumd?·²t 5 - 1,255 1,255 1,255 1,262 1,265 
Fier é 17 124 28 30 30 
Exports: 
Refined® Suen LLL Se ee 651 439 446 F599 526 
„ fe ME 863 836 1,229 1,162 889 
Imports for consumption: 
RNeſneds.q ⁰ ee oes 2.611 2.150 2.790 3.928 3.438 
17 ³⅛⁰ſꝛ.5.. n 2.850 2,494 3,218 4,474 3,990 
Imports. general 12, 850 2.494 3.218 14.474 3.990 
Consumption (reported sales to industry) 1,921 1,873 1.914 12.471 2.595 
Consumption, apparent! 2,414 r 1,869 12.813 13.299 3.295 
Net import reliance" as a percent of apparent 
consumptiouuun— -- --- 83 81 89 89 92 
Price, dealer, average, per ounce: 
Plgunum: 2 ³˙R 8 $446 $327 $424 $357 $291 
, ie ceu $95 $67 £136 $148 $107 
World: Mine production h 6.931 6,424 6,525 P7,648 27.951 


Estimated. preliminary. 


"Revised. W Withheld to avoid disclosing company proprietary data. 


The platinum group comprises six metals: platinum, palladium, iridium, osmium, rhodium, and ruthenium. 


*By product of copper refining. 
Value based on dealer prices. 


*Includes 1,200 ounces purchased in 1984 and 2,400 ounces purchased in 1985, but not added to inventory in those years. 
5Includes 2,400 ounces purchased in 1982, another 2,400 ounces purchased in 1983, and 1,800 ounces purchased in 1984, 


but not added to inventory in those years. 
*Includes both unwrought and semimanufactured. 


71981-84 includes mine production plus nontoll-refined production plus refined imports for consumption minus refined 
Exports plus or minus changes in Government and industry stocks. 1985 mine production excluded to avoid disclosing 


«company proprietary data. 


* Refined imports for consumption minus refined exports plus or minus changes in Government and industry stocks. 
91985 total excludes U.S. mine production in order to avoid disclosing company proprietary data. 
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The price of osmium remained fairly 
stable in 1985, after increasing almost 
sevenfold in 1984. Reportedly, industry 
sources suggested that the rapid price in- 
crease was the result of a combination of 
only a modest increase in demand base and 
because of the small size of the industry. 

Domestic Data Coverage.—Domestic pro- 
duction data for PGM are developed by the 
Bureau of Mines from a voluntary survey of 
U.S. refiners. Of the 17 refiners to which a 
survey request was sent, 16 responded, 
representing an estimated 45% of the total 
refined metal production shown in tables 1 
and 2. Production of refined metal for the 
one nonrespondent was estimated using 
reported prior year production levels. 

Legislation and Government Pro- 
grams.—The General Services Administra- 
tion purchased 2,400 ounces of grade B 
(99.8% minimum) palladium sponge for the 
National Defense Stockpile in January 
1985. 
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On July 8, the President approved the 
National Security Council (NSC) recommen- 
dations for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict that would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. The status of platinum, palladium, 
and iridium was deferred until further de- 
tailed studies could be made. At yearend, 
this proposal was under consideration by 
the Congress. The Department of Defense 
Authorization Act, 1986 (Public Law 99- 
145), signed by the President on November 
8, 1985, stated that no action may be taken 
before October 1, 1986, to implement or 
administer any reduction in a stockpile goal 
in effect on October 1, 1984. 


DOMESTIC PRODUCTION 


ASARCO Incorporated and Kennecott 
produced platinum and palladium as by- 
products of copper refining. Secondary met- 
al was refined by about 17 firms, mostly on 
the east and west coasts. Most PGM scrap 
was refined on a toll basis. The largest scrap 
processor in the United States was Johnson 
Matthey Inc. 

U.S. Metals Refining Co. in Carteret, NJ, 
a subsidiary of AMAX Copper Inc., began 
phasing out its precious metals scrap refin- 
ing and copper smelting and refining oper- 
ations. The phaseout was expected to be 
complete by the end of 1986. The company 
was a major toll refiner of PGM and a small 
refiner of byproduct PGM from copper re- 
fineries. The company’s decision was re- 
portedly based on continuing losses from 
operations at the plant combined with the 
poor economic outlook for secondary smelt- 
ing and refining activities in the United 
States.? 

Anaconda Minerals Co. sold its one-third 
partnership interest in Stillwater Mining 
Co. (SMC) to Lac Minerals Ltd., Toronto, 
Canada, for $15 million. SMC is a partner- 
ship between Chevron Resources Inc., Man- 
ville International Corp., and Lac Miner- 
als, that was engaged in developing a 
palladium-platinum mine at the Stillwater 
Complex in Montana. In September, SMC 
contracted American Mine Services Inc. to 
conduct underground test mining over a 12- 
month period. In December, the U.S. Forest 


Service approved the company’s operating 
permit, and the State of Montana issued an 
Environmental Impact Statement for the 
project. According to the company, if ore 
grades prove favorable, construction of the 
mine could begin in 1986 and production 
could start in 1987. Initially, SMC would 
process 500 metric tons of ore per day, 
yielding 75,000 ounces of palladium and 
25,000 ounces of platinum per year, rates 
that could be doubled later. 

The Bureau of Mines reported that a 
palladium-platinum mine in the Stillwater 
Complex in Montana could yield a rate of 
return approaching 20%. The Bureau esti- 
mated costs for PGM from the Stillwater 
Complex to be potentially 15% lower than 
for PGM recovered from the Merensky Reef 
in the Republic of South Africa, based on a 
2,000-ton-per-day mining system at Stillwa- 
ter for both PGM and chromite ores. How- 
ever, the revenue per ounce of PGM recov- 
ered would be 33.5% less than is typical for 
the South African PGM producers, owing 
mostly to the much higher palladium con- 
tent of the Stillwater ores.? 

Engelhard Corp. began construction of a 
custom catalyst plant near Seneca, SC. The 
new $25 million plant will replace the 
company's Newark, NJ, plant. The catalysts 
produced will be based on palladium, plati- 
num, rhodium, and ruthenium. 

Handy & Harman opened a new precious 
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metals recovery plant at a cost of $7 million 
in South Windsor, CT. The plant will 
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specialize in processing electronic scrap 
from the computer industry.“ 


Table 2.—Platinum-group metals refined in the United States 


(Troy ounces) 
Platinum Palladium Iridium Osmium Rhodium ` De: Total 
PRIMARY METAL 
Nontoll-refined: 
P 1.005 4.602 - Se - LE 5,607 
PPP 947 6.131 oe! s ` Ge 7,078 
PPP ARERR 879 5,005 : ** res d 5,884 
PPP 1.430 13,003 ep» 7 Se? ds 14,433 
P P Es 524 463 ae M Se d 3,987 
Toll-refined 
` ` WEEN 235 934 - bg m 1,169 
PP 434 1,421 e? e geg = 1,855 
PPP 1.150 2.026 SA ES "e Ge 3,176 
PT 1.153 4.895 1.000 250 Se 2,000 9,298 
EEE TEES AE 1,100 Si E sj E^ GM 1,100 
SECONDARY METAL 
Nontoll-refined: 
C <a 187,883 185764 3318 64 11,317 3,291 391,637 
|o qu qe eee 190,249 139,286 2.896 d 11,302 421 344,160 
. ERS 5 118,579 177,816 2,357 d 3,663 750 303,165 
8 e 189,702 T243,341 135 217 T3,668 2,047 339,526 
PP 52.382 201,416 252 E 3,126 1,474 258,650 
Toll-refined 
PPP 520.717 607,397 7.826 1.865 34.870 18.471 1,191,146 
. SPI AER 393, 430,564 10,108 885 26,693 ,301 868,383 
TOC EIS eat 433,700 456,732 5.820 925 41,624 788 994,589 
P de bi c rol n 524,158 568,489 7.826 49 584 19,288 1,157,394 
TT ace de bt 490,571 490,647 7.007 3 36,336 13,356 1,037,920 
1984 TOTALS 
TOAL IE Seen SRL 2, 17,898 1,000 d 2.000 23.731 
Total secondary ___________ 613.860 1811,836 8.561 76 141.252 21, 335 71,496,920 
Total refined metall 1616,443 1829734 9.561 326 141.252 23,335 71,520,651 
1985 TOTALS 
Total winety aac me 1,624 3,463 T 7 di a 5,087 
Total secondary ___________ 542,953 692,063 7,259 3 39,462 14,830 1.296,570 
Total refined metall 544,577 695,526 7.259 3 39,462 14,830 1,301,657 
"Revised. 
CONSUMPTION AND USES 
PGM were used principally in catalysts making crowns and bridges. 


for the control of automobile and industrial 
plant emissions; in reforming catalysts used 
to upgrade the octane rating of gasolines; 
in catalysts used to produce acids, organ- 
ic chemicals, and pharmaceuticals; in 
bushings for making glass fibers used in 
fiber-reinforced-plastic and other materials; 
in electrical contacts; in capacitors; in con- 
ductive and resistive films used in elec- 
tronic circuits; and in dental alloys used for 


In electronic applications, ruthenium was 
the principal PGM used in thick film resis- 
tors, while palladium was the principal 
PGM used in thick film conductors, multi- 
layer ceramic capacitors, and connectors.* 

For glass applications, the greatest 
amounts of PGM, specifically platinum, 
rhodium, and palladium, were used in the 
production of textile or continuous filament 
glass fiber. 
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Table 3.—Platinum-group metals' sold to consuming industries in the United States 
(Troy ounces) 
Year and indust Platinum Palla- Iridium Osmium Rhodium Ruthe- Total 
ry dium i nium 
HE 872,639 889,186 8,416 663 62,110 81,658 1,920,872 
KEEN 780,146 926,304 10,600 1,358 49,915 104,930 1,873,253 
OBS on Se eel 796,716 921,829 §,023 1,389 44,225 144,777 1,913,959 
1984: 
Automotive? |. |. 122,000 286.000 217 dee 63,000 1,035 1,072,252 
Chemical 73.496 78.600 735 10 4,631 24,743 182.215 
Dental and medical 18,644 341,043 381 1,062 427 62 367.619 
Electrical... = T99.155 T389.695 1,514 — — 17.461 754.155 T55].980 
Glass |... 22222222 12,184 1 106 noe 2,941 CE 15,241 
Jewelry and decorative 19.549 16,884 1.173 SE 72,116 1813 120.535 
Petroleum 28.045 92.134 SE ës 11 600 120,790 
Miscellaneous _________-— 66,154 57,134 2,991 Sa 6.666 7,211 140,156 
CCC 11.029.227 71.257.500 7.117 1.072 787.253 TR& 619 72.470.788 
1985: 
Automotive? n 811,000 295,000 287 74,000 1,035 1,181.322 
Chemicaaal — 85,227 63,236 966 17 4,096 19,090 172.632 
Dental and medical 24,563 350,678 645 868 352 96 877.2902 
Electrica]. _______ --__- 115,840 300,677 1,843 T 5,665 50,956 414.981 
Glass —Zn 20.651 416 177 i 2.467 14 23.725 
Jewelry and decorative 16,040 7,096 1,889 e 2.222 661 27.908 
Petroleum `, 28,771 80,940 a 25 31 ope 109,742 
Miscellaneous 115,722 87,970 4.857 Së §,419 13,722 227.690 
T ˙· AA 1.217.814 1.186.013 10,664 885 94,252 85,574 2,595,202 
Revised 


Comprises primary and nontoll-refined secondary metals. 
*Platinum, 
U.S. automobile manufacturers. 


lladium, and rhodium sales to the automotive industry are estimated based on purchases by the major 


STOCKS 


In addition to the reported stocks held by Overall, PGM stocks declined 10% in 1985; 
refiners, importers, and dealers, end users only the stocks of iridium and rhodium 


of PGM held sizable quantities of PGM that 
were not reported to the Bureau of Mines. 


increased. 


Table 4.—Refiner, importer, and dealer stocks of refined platinum-group metals’ 


in the United States, December 31 
(Troy ounces) 
: R SH : : Ruthe 
Year Platinum Palladium Iridium Osmium Rhodium nium Total 
„ Lon st Uter dec 401,389 398,933 16,819 37 43,355 57.645 918.178 
1982 Se ꝛ ꝛ5»ͥQ ë’ EE 604.632 384,184 13,348 138 40.562 63,164 1,106,628 
IIR ³¹wdꝛAA 433,457 412,178 16,944 489 51.107 28.973 943,148 
EE Ee T648.130 T524.924 "19,600 1.302 153,120 71.571 T] 318,641 
TORS uon eee 9s 564,363 418,348 20,301 262 60.947 67.093 1.191.314 
Revised 


‘Includes metal in depositories of the New York Mercantile Exchange (NYMEX); on Dec. 27, 1985, this comprised 
210,500 troy ounces of platinum and 111,400 troy ounces of palladium. 


PRICES 


Throughout the year, dealer prices for 
platinum and palladium decreased. Aver- 
age dealer prices for rhodium and osmium 
increased significantly in 1985, iridium and 
ruthenium remained about the same as in 
1984. 

Impala Platinum Holdings Ltd. of the 


platinum, palladium, rhodium, and iridium, 
following a decision in 1984 by Rustenburg 
Platinum Holdings Ltd. to suspend all of its 
producer price quotes for PGM.* 
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Table 5.—Average producer and dealer prices' of platinum-group metals 
(Dollars per troy ounce) 


Platinum Palladium Rhodium Iridium Ruthenium Osmium 
Pro- Pr 
doe Dealer die Dealer eege Dealer duca Dealer dido Dealer dias Dealer 
N 475 446 130 95 641 498 600 529 45 32 150 130 
1982 475 327 110 67 600 323 600 359 45 26 137 130 
1983 ______ 475 424 130 136 600 312 600 309 45 28 110 132 
1984: 
January . 415 311 130 157 600 346 600 331 45 45 (3) 140 
February _ 415 389 130 160 600 354 600 345 45 55 (?) 140 
March. — 475 399 150 161 600 382 600 350 45 62 (?) 151 
April 475 392 150 160 600 468 600 391 45 63 (3) 179 
May ---- 475 386 150 155 600 551 600 439 45 65 (3 272 
June 475 381 150 153 600 655 600 468 45 80 (3) 364 
July ....- 415 341 150 138 600 687 600 496 (3) 152 (2) 420 
August 475 338 150 137 600 72¹ 600 483 (3) 145 2) 432 
September 475 326 150 138 600 717 600 468 (3) 143 (3) 692 
October 475 324 150 138 600 759 600 438 (3) 137 2 873 
November 415 321 150 146 150 199 600 424 (3) 134 (2) 900 
December_ 475 303 150 134 150 846 600 449 (3) 155 3) 900 
Average 415 357 147 148 625 607 600 424 (3) 103 (?) 455 
1985: 

January 475 274 150 121 166 948 600 458 (3) 158 (?) 935 
February 475 269 150 124 1,000 1.086 600 546 (3) 160 (?) 950 
March 475 260 143 113 1,000 1,018 600 496 (3) 151 2 956 
April |... 415 282 120 112 1,000 1,003 600 471 (3) 143 (2) 1,000 
May ... 415 269 120 124 1,000 828 600 435 (3) 101 (7) 1,000 
June 475 264 120 93 880 658 600 404 (3) 80 () 1,000 
July ...- 415 268 120 94 800 643 600 378 (3) 68 (?) 1.000 

A ^ 415 308 120 103 1,000 812 600 409 (3) 73 2) 861 
September 475 309 120 99 880 933 600 416 (3) 70 (?) 807 
October 475 323 120 101 851 1,016 600 414 3) 69 2 818 
November 475 334 120 100 800 1,078 600 410 (3) 70 (?) 825 
December_ 475 334 120 95 1,003 1,119 600 414 (3) 10 830 
Average 415 291 127 107 915 929 600 438 (3) 101 (?) 915 


Average prices calculated at the low end of the range and rounded to the nearest dollar. 


ucer price suspended on Jan. 13, 1984. 
producer price suspended on June 7, 1984. 


Source: Metals Week. 


Trading volume on the New York Mer- 
cantile Exchange in futures contracts for 


1983-85, is shown in the following tabu- 
lation: 


Platinum! Palladium? 
laco oc EE 1,053,282 241,224 
Do Ce EE 571,127 159,019 
Me eege 693,256 133,223 
150 troy ounces per contract. 
2100 troy ounces per contract. 
FOREIGN TRADE 


The major sources for imports of PGM, 
in descending order, were the Republic 
of South Africa, the United Kingdom, 
the U.S.S.R., Canada, and Belgium-Lux- 
embourg. Some of the imports from the 
United Kingdom originated from ore mined 
in the Republic of South Africa, and some of 
the imports from the Netherlands and other 


European countries may have originated 
from ore mined in the U.S.S.R. The major 
recipients of exports, in descending order, 
were Japan, the United Kingdom, and Can- 
ada. The United States exported sizable 
quantities of PGM-bearing scrap, some of 
which was concentrated from used automo- 
bile catalytic converters. 
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Table 8.—Estimated U.S. imports of platinum and palladium, by year and country! 


(Thousand troy ounces) 


— e e mm mm — — — — o i aii i 2 — mm = mm 


- — — — mp mm — zm zm e mm vm em m e me mm —EAy—U—õp —— — —•—2m— 2 


VThis table is based on the figures shown in table 7. Estimates are based on the explicit categories of 


— — a e mp mm — om mmm — — — mo m mm e gn —— mp mm em zm 


Platinum Palladium 
1984 1985 1984 1985 
717777... Ae Ree 1,043 1,029 587 584 
eR PS 20 23 495 213 
EE 300 288 391 216 
FF 411 395 824 759 
NUR ͤ ͤ— ge 1.774 1.735 2,296 1.833 


lladium plus 


estimates of the metal content in the following categories: unspecified combinations, ores, and scrap, and materials not 


elsewhere specified. 


Data may not add to totals shown because of independent rounding. 


WORLD REVIEW 


PGM were mined in 10 countries in 1985. 
The Republic of South Africa and the 
U.S.S.R. together accounted for 94% of 
world mine production. Three companies in 
the Republic of South Africa produced PGM 
from platinum ores, while the U.S.S.R. and 
two companies in Canada produced PGM 
from nickel-copper ores. Production of the 
principal metals of the group, platinum and 
palladium, was 3.4 million ounces and 3.7 


SUPPLY! 
Mine production: 
South Africa, Republic 


, old scrap: 
States 


Uni 


*Estimated. 


Market economy countries. 


million ounces, respectively, of which the 
U.S.S.R. produced an estimated 950 million 
ounces of platinum and 2.5 million ounces 
of palladium. 

World supply and demand in market 
economy countries for palladium were well 
balanced in 1985, while there was a slight 
deficit in supply for platinum, as shown in 
the tabulation below in units of thousand 
ounces: 


Platinum Palladium 

2.251 962 
150 158 
38 67 
2,445 1,187 
52 201 
29 195 

51 150 
132 546 
200 1,360 
2,777 3,093 
1,280 1,270 
1,218 1,186 
413 650 
2,911 3,106 


28umitomo Corp. Precious Metals Market in Japan. 16th 


ed., Feb. 1986, 18 pp. 


3J. Aron & Co., Goldman, Sachs & Co. Commodity 
Market Perspectives—Platinum Group Metals. Dec. 1985, 


48 pp. 


According to a recent publication by 
Johnson Matthey P.L.C. the demand in 
market economy countries for platinum 
used in automobiles, jewelry, glass fiber 


bushings, and investment bars and coins 
increased in 1985 from the level of 1984.’ 
Factors that may have influenced investors 
to purchase additional platinum were a 
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strike by South African gold miners in 
September and, a month later, a U.S. Gov- 
ernment ban on the importation of South 
African Krugerrand gold coins. In view of 
the widening interest in platinum as an 
investment, an industry organization called 
the Platinum Guild (USA) was formed in 
September to disseminate information con- 
cerning the investment benefits of platinum 
ownership. In Europe, Ayrton Metals Inc., 
the marketing agent for Impala, announced 
plans to begin selling fractional ounce plati- 
num "noble" coins, equal to one-tenth of the 
current l-ounce coin weight.* The platinum 
"noble" had been introduced in November 
1983 in Switzerland, the Federal Republic of 
Germany, and the United Kingdom, and 
had proven to be popular among investors. 
In June, the European Economic Commu- 
nity (EEC) agreed to introduce restrictions 
on automobile emissions to be implemented 
in stages between 1988 and 1993.* Current- 
ly, the only way to meet the EEC standard, 
which is roughly equivalent to the current 
U.S. standard, is by using catalytic exhaust 


— — — ee — 
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converters. The EEC standard was expected 
to have a major impact on world demand for 
platinum and rhodium, and a lesser impact 
on demand for palladium, over the next 
decade. 

Canada.—Among companies exploring 
and/or developing PGM deposits were Fleck 
Resources Ltd. in Marathon, Ontario; Bos- 
ton Bay Mines Ltd. near Thunder Bay, 
Ontario; Nexus Resource Corp. on Vancou- 
ver Island, British Columbia; and Dumont 
Nickel Corp. in Quebec. 

Japan.—Imports totaled about 1.3 million 
ounces of platinum, primarily from the 
Republic of South Africa, and about 1.1 
million ounces of palladium, primarily from 
the U.S.S.R. Imports of platinum increased, 
while imports of palladium decreased from 
the amounts reported in 1984." 

Consumption of platinum in jewelry in- 
creased, and consumption of palladium in 
electrical uses decreased in 1985. Estimated 
total consumption of platinum and palladi- 
um in Japan, in thousand troy ounces, was 
reported as follows: 


Platinum Palladium 
170 100 

120 400 

n 210 

150 410 

630 60 

210 30 

1.280 1.270 


! Glass is included in "Miscellaneous" category for plati- 


num. 


Source: Sumitomo Corp. 


South Africa, Republic of.—Matthey 
Rustenburg Refiners Ltd., jointly owned by 
Johnson Matthey P.L.C. and Rustenburg 
Platinum, reportedly decided to build a new 
Solvex PGM refining plant in the Republic 
of South Africa. The plant, which was 
expected to be completed by 1990, was to be 
modeled after the Royston, United King- 
dom, plant and would treat 100% of Rusten- 
burg's primary PGM output. The Royston 
plant would then be converted into a PGM 
scrap refinery.'? 

Western Platinum Ltd., the smallest of 
the three PGM producers in the Republic of 
South Africa, sent its last shipment of PGM- 
bearing nickel-copper matte to Norway for 
refining by Falconbridge Nickel Ltd. West- 


ern expected its newly commissioned $9 
million nickel-copper-cobalt refinery, at its 
Marikana Mine in the Transvaal, to greatly 
speed up the recovery of base metals and 
PGM, as well as reduce shipping costs. 
Previously, the PGM included in the matte 
shipped to Norway were returned in the 
form of a concentrate for final platinum- 
palladium refining in the Republic of South 
Africa. Western completed expansion of its 
precious metals plant at Brakpan, acquiring 
the capacity to refine the minor PGM as 
well as platinum and palladium. Falcon- 
bridge, which owns 25% of Western, was to 
continue its exclusive marketing agreement 
with Western. 
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Table 9.—Platinum-group metals: World production, by country’ 


(Troy ounces) 
Country? 1981 1982 1983 1984 1985* 
Australia, metal content, from domestic nickel 
ore: 
z 12.896 13,379 *12,000 *12,000 13,600 
Platinum __________.-_-._--_-__- 2,093 2,388 €1,900 r e1 900 2,400 
Canada: Platinum-group metals from nickel ore 382,658 228,425 223,925 348,216 350,000 
Colombia: Placer platinum 14,804 11,886 10,303 10,106 11,400 
Ethiopia: Placer platinum? -------------- 125 125 125 125 125 
Finland: 
Palladium - - - ------------------- 1,993 4,662 2,283 1,093 1,100 
Patin), 1.608 4,147 2,186 1,061 1,100 
Japan, metal recovered from nickel-copper ores:* 
Palladium- - - -----------~-------- 25,748 27,862 37,122 33,802 543,703 
Platinum `- ---------------------- 10,521 15,411 21,460 19,523 522,216 
South Africa, Republic of: Platinum-group metals 
from platinum ore“) h 3,110,000 2,600,000 2, 600, 000 73,500,000 3,700,000 
U.S.S.R.: Placer platinum and platinum-group 
metals recovered from nickel-copper ores® _ _ _ _ 3,350,000 3,500,000 3,600,000 8,700,000 3,800,000 


United States: Placer platinum and platinum- 


group metals from gold-copper ores 7,318 8,033 6,251 14,635 W 

Yugoslavia: 
see. pae E 3,119 2,893 2,926 T 23,100 3,300 
FF ee iota See 8 482 418 193 T 200 250 

Zimbabwe: 

Pallsadiuuůnnnm —— 5.200 2.765 2.395 1.222 1.300 
FH. tS ee ee 2,300 1,704 1,695 772 800 
///»; ↄ⁵ x Er nu 6,930,865 76,424,098 6,524,770 7,647,755 7,951,294 


Estimated. Preliminary. 
*"Total." 


"Revised. W Withheld to avoid disclosing company proprietary data; excluded from 


1Table includes data available through May 20, 1986. Platinum-group metal production by the Federal Republic of 
Germany, Norway, and the United Kingdom is not included in this table because the production is derived wholly from 
im metallurgical products and to include it would result in double counting. 

In addition to the countries listed, China, Indonesia, Papua New Guinea, and the Philippines are believed to produce 
platinum-group metals, and several other countries may also do so, but output is not reported quantitatively, and there is 
no reliable basis for the formulation of estimates of output levels. However, a part of this output not specifically reported 
by country is presumably included in this table credited to Japan. (See footnote 4.) 

3Partial figure; excludes platinum-group metals recovered in other countries from nickel ore of Australian origin; 
however, a part of this output may be credited to Japan. (See footnote 4.) 
*Japanese figures do not refer to Japanese mine production, but rather represent Japanese smelter-refinery recovery 


from ores originating in a number of countries; this output cannot be credi 


to the country of origin because of a lack of 


data. Countries producing and exporting such ores to Japan include (but are not ny limited to) Australia, 
n 


Canada, Indonesia, Papua New Guinea, and the Philippines. Output from ores of Australian, 


donesian, Papua New 


Guinean, and the Philippine origin are not duplicative, but output from Canadian material might duplicate a part of 


reported Canadian production. 
Reported figure. 
“Includes osmiridium produced in gold mines. 


TECHNOLOGY 


The Office of Technology Assessment, 
U.S. Congress, published a report on PGM 
and three other critical metals.'* The pur- 
pose of the report was to probe ways to 
reduce U.S. import dependence on the Re- 
public of South Africa and the U.S.S.R. 
With regard to PGM, the report concluded 
that the United States could conserve PGM 
by increasing recycling of used automobile 
catalytic converters to recover 500,000 
ounces of PGM annually by 1995. In addi- 
tion, the study concluded that development 
of the Stillwater Complex deposit in Mon- 
tana could produce about 175,000 ounces of 
PGM annually, provided that demand for 
palladium and platinum remains high. 

The International Precious Metals Insti- 


tute sponsored a seminar on PGM in Octo- 
ber 1985 in Washington, DC. Experts on 
mining, economics, and uses of PGM pre- 
sented papers at the meeting. European 
automotive emission legislation and auto- 
motive catalyst technology were discussed, 
among other topics.“ 

Progress on future commercial use of 
platinum in phosphoric acid fuel cells was 
discussed at a seminar in Italy in June. One 
researcher concluded that platinum sup- 
plies will be adequate to meet even the most 
optimistic projections of fuel cell usage, 
even though possible platinum require- 
ments for fuel cells is very large.'* The 
researcher cited, as an example of research 
and development progress, United Technol- 
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ogies Corp.’s completion of a 4.5-megawatt 
powerplant in Japan in 1982 that had pro- 
duced electricity continuously since 1983. 
That success had encouraged United Tech- 
nologies to develop an 11-megawatt plant, 
and Westinghouse to build a 7.5-megawatt 
plant, both of which were to be located in 
the United States. In addition, the Ministry 
of International Trade and Industry in Ja- 
pan was underwriting the development of a 
number of 1-megawatt plants to be opera- 
tional by 1986. 

Using a supported ruthenium catalyst, 
scientists at the Stanford Research Institute 
succeeded for the first time in electrochemi- 
cally producing appreciable amounts of 
methane from water and carbon dioxide. 
Synthetic methane produced in this way 
could eventually supplement natural gas as 
a fuel or chemical feedstock, but problems 
remain in determining the mechanisms at 
work in the process, and in removing the 
need to use ultrapure ruthenium." 

Cisplatin is a drug made from platinum 
that is used for treating some types of 
cancer. The Kitasato University in Tokyo 
announced preliminary evidence that ad- 
ministration of sodium selenite along with 
cisplatin reduces the toxic side effects of the 
drug on both the kidney and the intestine 
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without compromising its antitumor 


activity. 


Physical scientist, Division of Nonferrous Metals. 

*Jordan, C. L. AMAX Copper Sets Refinery Closing. Am. 
Met. Mark., v. 93, No. 210, Oct. 30, 1985, pp. I. 8. 

U.S. Bureau of Mines. Minerals and Materials. A 
Bimonthly Survey. Aug.-Sept. 1985, pp. 22-31. 

“Worden, E. Handy & Harman, Seei 
Electronics Scrap, Opens Plant. Am. Met. 
No. 230, Nov. 27, 1985, pp. 1, 6. 

Davey, N. M., and R. J. Seymour. The Platinum Metals 
in el Tonics Platinum Met. Rev., v. 29, No. 1, Jan. 1985, 

2-11 


p. 2-11. 

Metal Bulletin. Ruthenium Producer Price Withdrawn. 
No. 7034, Nov. 5, 1985, p. 15. 

Johnson Matthey P.L.C. Platinum—1985 Interim Re- 
view. 19 pp. 

Metals Week. Ayrton To Issue Fractional Noble. V. 56, 
No. 39, Sept. 30, 1985, p. 7. 

Searles, R A. Automobile Exhaust Emissions Control— 
Legislation To Protect the European Environment. Plati- 
num Met Rev., v. 29, No. 4. Oct. 1985, pp. 163-167. 

Y?Borland, J. Platinum's Climb Continues. The North. 
Miner, v. 71, No. 38, Dec. 2, 1985, pp. 1, 11. 

"Sumitomo Corp. Precious Metals Market in Japan. 
16th ed., Feb. 1986, 18 pp. 

'3Metal Bulletin. Rustenburg Confirms Refinery Plan. 
No. 7013, Aug. 20, 1985, p. 13. 

13Mining Journal. Expansion at Western Plats. V. 304, 
No. 7807, Aor 5, 1985, pp. 235, 237 

14S. Congress, Office of Technology Assessment. Stra- 
tegic Materials: Technologies To uce U.S. Import 
Vulnerability. OTA-ITE-248, May 1985, 409 pp. 

I5International Precious Metals Institute. Proceedings 
From the Platinum Group Metals Seminar 1985. Washing- 
ton, DC, Oct. 1985, 251 pp. 

16 (Cameron, D. S. Catal for Fuel Cell Applications. 
Platinum Met. Rev., v. 29, No. 3, July 1985, pp. 107.112. 

"Chemical and Engineering News. Carbon Dioxide 
Reduced to Methane Electrolytically. v. 63, No. 27, July 8. 
1985, p. 29. 


Future in 
ark., v. 93, 


Selenite May Make Cisplatin a More Useful 
Drug. V. 63, No. 1, Jan. 7, 1985, p. 49. 


Potash 


By James P. Searls’ 


U.S. potash production and apparent con- 
sumption in terms of potassium oxide (RACH 
equivalent decreased significantly in 1985. 
Spring production again exceeded fall pro- 
duction. Sales by U.S. producers fell 2896 
for the year, and average prices decreased 
to a leeser extent. Yearend stocks increased 
slightly. The United States continued to be 
a net importer of potash; net import reli- 
ance as a percentage of apparent consump- 
tion was 76%. Canada provided an amount 
equal to 80% of the domestic apparent 
consumption. U.S. exports rose, however, 


Three Carlsbad, NM, mines and plants 
were sold during the year. Two Carlsbad 
mines and plants were closed temporarily 
at yearend. A Utah plant remained closed 
throughout the year to repair flood damage. 

Domestic Data Coverage.—Domestic pro- 
duction data for potash are developed by the 
Bureau of Mines from a voluntary semian- 
nual survey of U.S. operations. Of the 10 
operations to which a survey request was 
sent, all responded, representing 10096 of 
the total production shown in table 1. The 
temporarily closed plants reported begin- 


with increased exports to India, Japan, and ning stocks, sales, and ending stocks. 
Mexico. 
Table 1.—Salient potash' statistics 
(Thousand metric tons and thousand dollars unless otherwise specified) 
1981 1982 1983 1984 1985 
United States: 
Production e A 4,158 8,866 2,770 8,089 2,569 
K, O equivalent -. -.-------------—- 2,156 1,784 1,429 1,564 1,296 
by producer 3,670 8,387 2,950 8,184 2,505 
KO /c A 1,908 1,784 1,518 1,639 1,266 
iue Cac de DE c 5 3 $828,900 $265,600 800 $241,800 $178,400 
A Sch ge T merda $89.62 $18.42 $74.85 $75.96 $71.22 
verage ton t 
AERE ce do $172.40 $148.87 $145.97 $147.55 $140.89 
icu a eh a 8 952 564 973 
KO equivalent Eege 491 519 800 446 618 
„„ one Lu uu ES $107,950 $93,200 $55,160 $85,660 NA 
Imports for consumption? * EC 6,388 7,822 7,948 7,571 
K, O equivalent a 4,796 8,858 4,440 4,829 4,598 
Customs value |... LLL ~~~ $150,400 $515,400 800 $658,100 $499,100 
Apparent consumption? _____________ 10,686 8,778 9,708 10,296 9,108 
KgO equivalent -. - - .------ ------- 6,218 5,128 658 6,022 5 
Yearend producers’ stocks, KO equivalent... — 520 520 891 $312 
World: Production, marketable K3O equivalent 721,015 724.509 27,418 529,848 28,618 
"Estimated. Preliminary. "Revised. NA Not available. 
ff potassium magnesium sulfate, glaserite, and some parent salts. Excludes other 
F. o. b. mine 
*Excludes potassium chemicals and mixed fertilisers. 
F. as. US. 
"Includes nitrate of 


potash. 
by production plus imports minus exports plus industry and Government stock changes. 
Inventory adjustment of minus 46,000 tons. 
invenio aant of minus £000 tone" 
Inventory adjustment of minus 6,000 tons. 
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DOMESTIC PRODUCTION 


Domestic K,O production fell 17% in 
1985. Of the total production for the year, 
75% was standard, coarse, and granular 
muriate of potash, also known as potassium 
chloride, and 8% was sulfate of potash, also 
known as potassium sulfate. The remaining 
production comprised manure salts, glaser- 
ite, soluble and chemical grades of muriate 
of potash, and sulfate of potash-magnesia, 
also known as potassium magnesium sul- 
fate. The terms “standard,” “coarse,” and 
“granular” refer to particle sizes of the 
finished product. 

The New Mexico producers accounted for 
85% of the total marketable salts produc- 
tion. New Mexico crude salt mine produc- 
tion was 11.3 million metric tons with an 
average K, O content of 13.3%. Five compa- 
nies produced potash from underground, 
bedded sylvinite and langbeinite deposits 
east of Carlsbad. At the beginning of the 
year, the producers were AMAX Chemical 
Corp. of AMAX Inc.; the Duval Corp. of 
Pennzoil Co.; International Minerals & 
Chemical Corp. (IMC); Kerr-McGee Chemi- 
cal Corp. of Kerr-McGee Corp.; and Potash 
Co. of America (PCA) of Ideal Basic Indus- 
tries Inc. 

All of the Carlsbad producers operated at 
reduced levels during the year. AMAX 
Chemical’s operation was closed indefinite- 
ly in November. The Duval operation was 
renamed Potash Producers Inc. early in the 
year, then sold and renamed Western Ag- 
Minerals Corp. The new owners of Western 
Ag-Minerals were Warburg, Pincus Capital 
Partners, 75%, a New York venture bank- 
ing firm, and Rayrock Resources Ltd., 25%, 
a Toronto, Canada, mining firm. The Kerr- 
McGee Chemical Hobbs facility was sold to 
Vertac Chemical Corp. of Memphis, TN, 
and renamed New Mexico Potash Co. The 
new owner sold potash primarily to its 
potassium nitrate manufacturing plant in 
Vicksburg, TN, and to the oil drilling and 
chemical industries; only excess material 
was sold to the agricultural industry. PCA, 
which closed in December to reduce stocks 
of finished product, was sold at yearend and 
renamed Lundberg Industries Ltd. 

Mississippi Chemical Corp., whose mine 
had been closed since January 1983, pur- 
chased the permanently closed National 


Potash Co. property and started salvage 
operations on the underground equipment 
and materiel. 

Sylvinite ore was used for muriate of 
potash production, and langbeinite ore was 
used for sulfate of potash-magnesia produc- 
tion. IMC mined both ores and reacted 
fractions of each potash product to produce 
sulfate of potash. 

Sulfate of potash was also manufactured 
at two plants in Texas. The PCA, subse- 
quently Lundberg Industries, plant pro- 
duced sulfate of potash from Hargreaves 
furnaces using muriate of potash and sulfur 
dioxide; that production was included in 
Bureau of Mines statistics because PCA had 
mined the potash feed in New Mexico. The 
Permian Chemical Corp. plant reported pro- 
duction of about 15,000 tons* from its Mann- 
heim furnaces using muriate of potash and 
sulfuric acid, but its production was not 
included in Bureau of Mines statistics be- 
cause Permian was not a mining firm. Both 
firms sold byproduct hydrochloric acid to 
the Texas petroleum industry for oil well 
acidification. 

In Utah, Texasgulf Chemicals Co. of 
Texasgulf Inc., which is owned by Elf Aqui- 
taine Inc. of the Paris-based Société Nation- 
ale Elf Aquitaine, produced muriate of pot- 
ash from underground, bedded sylvinite 
deposits by solution mining and solar evap- 
oration. Kaiser Chemicals of Kaiser Alumi- 
num & Chemical Corp. produced muriate of 
potash from near-surface brines at the west 
end of the Bonneville Salt Flats by solar 
evaporation and flotation. Great Salt Lake 
Minerals & Chemicals Corp., a subsidiary of 
Gulf Resources & Chemical Corp., remained 
closed throughout the year while repairing 
flood damage. A new sulfate of potash 
manufacturer, Climax Chemical Co., pro- 
duced about 8,000 tons, but its production 
was not included in Bureau of Mines statis- 
tics because Climax Chemical was not a 
mining firm. Climax Chemical had been a 
sodium sulfate producer that converted to 
potassium sulfate production. 

In California, Kerr-McGee Chemical con- 
tinued to produce both muriate and sulfate 
of potash along with other products from 
underground brines at Searles Lake. 
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Table 3.— Production and sales of potash in New Mexico 
(Thousand metric tons and thousand dollars) 


Crude salts! Marketable potassium salts 
Period (mine Production Sold or used 
Gross Kai Gross Kai Gross Kei 
weight equivalent weight equivalent weight equivalent Value” 
1984: 
January June 7.209 973 1,484 738 1,576 801 $118,000 
July- December 76, 908 F919 1,802 655 1,225 18 86,100 
Total®. _________ 114,112 71,892 2,785 1,888 2,799 1,418 204,100 
1985: 
January June 6,160 827 628 1,822 666 98 
July-December ........ 5,152 683 1,014 479 927 454 62,100 
Total... son 11,812 1,510 2,235 1,102 2,249 1,120 156,000 
"Revised. 
ier and langbeinite. 
— — may N add to totals shown because of independent rounding. 
Table 4.—Salient U.S. sulfate of potash: statistics 
(Thousand metric tons of K,O equivalent and thousand dollars) 
1981 1982 1988 1984 1985 
J 200 166 168 109 106 
by producers p ñ eee Cee ee 178 176 156 126 108 
TEE $61,998 $61,984 $55,453 $47,197 $36,465 
JJ ue E E ]ð2vſk.op c uM mE ee 40 71 44 46 
hh ³⁰ AA A $16,095 $27,648 $16,390 $13,940 NA 
pou o Loon elu e ⁊ y LI 6 29 25 
^ vale ------2;-0--------------------------- $1 p SEN "a 121 $10,400 
e 86 "m 81 34 
NA Not available. 
I Excludes potassium magnesium sulfate. 
F. ob mine. 
*Bureau of the Census. 
F. a. a. US. port. 
5C i.f. to U.S. port. 
dy production plus imports minus exports plus industry and Government stock changes. 


CONSUMPTION AND USES 


Apparent domestic consumption of all 
forms of potash decreased from that of 1984. 
Downward pressure on demand for fertiliz- 
ers in the United States continued to come 
from the decline in demand for U.S.-pro- 
duced crops and the stockpile remaining 
from previous record crop-years. Crop buy- 
ers from foreign countries found U.S. crops 
to be relatively expensive because of the 
combination of the high value of the U.S. 
dollar and the level at which the U.S. 
Government supported crop prices relative 
to the world market price. Even U.S. farm- 
ers who could earn profits without price 
supports lost money-borrowing power for 
fertilizer purchases because of the strongly 
declining value of their cropland, which was 


used as collateral for bank loans. Corn Belt 
land values had declined an average of 4496 
between 1981 and 1985. Farmers expected 
calendar year 1986 to be a poor year for 
exports, and because the Food Security Act 
of 1985 was not passed until December, they 
failed to make large fertilizer purchases in 
the fall, which usually accounted for 60% of 
the year's consumption. 

According to the Potash & Phosphate 
Institute, the major consumers of agricul- 
tural potash from Canadian and U.S. potash 
producers, in decreasing order, were Illi- 
nois, Iowa, Indiana, Ohio, Minnesota, and 
Wisconsin. These six States consumed 54% 
of the total from Canadian and U.S. produc- 
ers. However, domestic producers provided 


POTASH 


only 6% of Illinois' potash consumption, 2% 
of Iowa's consumption, 1% of Indiana's 
consumption, 1% of Ohio's consumption, 
10% of Minnesota’s consumption, and 4% of 
Wisconsin’s consumption. Potash from oth- 
er countries was consumed in these States, 
but quantities are unknown. The major 
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Texas, Missouri, California, Illinois, Minne- 
sota, and Florida. These six States account- 
ed for 56% of the total. The major agricul- 
tural consumers of domestically produced 
sulfates of potash, in decreasing order, were 
Florida, Georgia, California, Texas, Ken- 
tucky, and North Carolina. These six States 


agricultural consumers of domestically pro- accounted for 59% of the total. 


duced potash, in decreasing order, were 


Table 5.—Sales of North American potash, by State of destination 


(Metric tons of K,O equivalent) 
Agricultural Nonagricultural 
1984 1985 1984 1985 
RI TEEN 78,041 65,558 61,940 63,576 
/öÜ68˙é%⁵.ð. ” ñ m uem y ³ 257 217 = a 
Arnois tt pp p p ates 438 390 22 112 
Arkansas see tee Zeie, ee e ee I 44,179 54,803 140 620 
I ³˙1⅛W.dd¾... aet dcr iE LA circ eae! 62,054 51,059 10,992 8,848 
ed, EE? 13,051 8,323 6,083 7,044 
P c uin ui epe LK LE rm SE 4,282 5,625 52 119 
DRISWRIE. ] ĩir.; ] ũm = k tem eim iam LN 27.694 16,394 85,755 33,500 
Floridà 2n eEziLcLumc eigen t cot (y m 8 148,230 114,560 8,891 
muU PME PET ssd. ME REC 162,351 155,822 951 1,990 
l ³¹w-w-w-. ð 0 m ł „—iZ 8 16,056 13.561 mon MN 
VETERE ONLINE THEMEN EE 19,008 24,223 rn §1 
III ⁵³˙¹ͤw ies EECH 717,548 663,632 32.942 22,347 
Indishé e a ß 8 362,757 399, 2.352 357 
4/%/%/%/%%%%%%%/Sͤͥ ³ð%/%ÿù xx Een cil foU ME 493.110 400,412 1,226 454 
ememr ð ̃ :: ̃ ]˙—' ð . ĩð—- m Nhs RA M e 33,653 30,199 2,549 1,984 
ET E ETE PCT 8 149,555 132,288 364 341 
Louisiana —--—- noua Ee 8 49,783 54,181 1,775 1,444 
Maine SNP es eas EE EE 7,160 7.711 114 416 
Maryland. ß . Educ. i LIE 24,088 21,815 509 175 
Massachusetts 5,015 3,382 586 
Ill ois ee ³ ͥ ⁰ eee A e i dud. 204,048 185,586 1,702 1,501 
III: ] yy y ß D E rts 360,667 350,467 36 335 
Mississippi J) ³ ſſſ ⁵ y ⁵ Ad ĩ ĩð acd 49,804 32,010 8,165 28,382 
NOMEN 2 ens ,ðr LA EE 241,120 232,460 8,458 3,281 
Montanā o se LM ß y y y a ER E m a RAE. 13,029 10,185 135 71 
Nebraskā_ ENEE EEN 39,180 32,252 113 462 
Say Si — gé x © & 
ew Hampshire A 
New Jersey ˙mWWXMàààX!.! uen LE ĩͤ ĩ y 8 6.819 7,907 11,463 13,250 
New Mexico !! ! „ 6.831 11.373 29,685 34,673 
New EE ae 78,520 82,410 976 1,261 
North Carolina ——— loe mc exea A E ER RE ce MR 103,421 117,822 46 158 
Nethos. ⁵ 22, 20,092 104 384 
Ohio oc ure oe ea ee ee ee ee es 896,761 399,025 60,423 58,922 
L cn y ea 41.778 22.729 1,196 9,105 
Ji ⁰³m Hh y 26,154 24,612 1,485 1,437 
Pennsylvania ho ee ⁰⁰yd Ee cus 48,601 63,018 4,036 2,427 
Rhode nn... ee ee ae eee 2,258 2,207 110 92 
South Carolin —:T?:- 65.909 66,496 117 167 
South Dakota ——— 552 Levi ð EE 11,769 10,894 7 A 
Tennessee ` 2. -22 ⁰⁰y⁰y ³ A ⁰ 131.052 140.373 423 591 
Texas oL es ³ um 8 140,996 135,722 47,317 42,998 
ELTH EE tcc 8 4,254 14,491 13,563 11,880 
Vermont i. loc Üdꝗdỹóͤͥd ks k tr Ee 3.712 „029 i 14 
ere 65,384 63,037 331 200 
Washington . le 40,241 38,735 2,905 2,546 
ege 4,150 4.911 1.280 601 
JJ ³ »»—¹Üäd.ꝓ yd ⁰⁰y 8 280,336 292.508 201 487 
d EE 1,854 2,188 824 643 
Total m s Se acra LU 4,816,222 4,599,160 351,121 363,806 


Source: Potash & Phosphate Institute. 


780 


Table 6.—Sales of North American muriate 
of potash to U.S. customers, by grade 


(Thousand metric tons of K,O equivalent) 


Grade 1982 1983 1984 1985 
Agricultural: 
Standard 563 399 346 
„ 1.750 2,402 2,219 2,065 
Granula 1,237 1,33 1,511 1,666 
Soluble 357 451 471 392 
Total 8,907 4,785 4,647 4,469 
Noo tural: 
Solubls 106 114 120 138 
Other 210 195 227 227 
Total 316 309 347 365 
Grand total _ 4,2223 5.094 4994 4,834 


Source: Potash & Phosphate Institute. 


According to the Potash & Phosphate 
Institute, which reported sales of U.S. and 
Canadian producers by grade and State, 
domestic sales of muriate of potash for 
agricultural uses changed as follows: Stand- 
ard grade fell 22%, coarse grade fell about 
7%, granular grade rose about 10%, and 
sulfate of potash and sulfate of potash- 
magnesia combined fell 23%. The percent- 
age breakdown of total sales by grade and 
type was 45% coarse muriate, 36% granular 
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muriate, 9% soluble muriate, 7% standard 
muriate, and 3% sulfates of both types and 
all sizes. Potash sales of the domestic pro- 
ducers as a percentage of total domestic 
sales represented 5% of the coarse muriate, 
17% of the granular muriate, 3% of the 
soluble muriate, 27% of the standard mu- 
riate, and 100% of both types and all sizes of 
sulfates. 

The Potash & Phosphate Institute also 
reported a slight increase in potash sold for 
nonagricultural uses. Of this, standard mu- 
riate was 60%, soluble muriate was 38%, 
and sulfates of both types and all sizes was 
2%. Nonagricultural uses of potash were 
primarily for producing caustic potash and 
chlorine. Caustic potash, or potassium hy- 
droxide, was used as a caustic chemical and 
as the major precursor to other potassium 
chemicals. A minor industrial use of mu- 
riate of potash was as an addition to oil well 
drilling muds. Diamond Shamrock Corp. 
announced an expansion of caustic potash 
capacity at its plant in Mobile, AL. Monsan- 
to Co. announced the cessation of caustic 
potash manufacturing at its Sauget, IL, 
chlor-alkali plant. The demise of Allied 
Chemical Corp.'s synthetic soda ash plant at 
Syracuse, NY, left only Diamond Sham- 
rock’s Muscle Shoals, AL, plant producing 
potassium carbonate. 


STOCKS 


Yearend producers’ stocks of potash in- 
creased slightly over that of 1984. Yearend 
stocks were 26% of annual production or 
13.5 weeks of production. Several producers 
reported inventory adjustments between 


December 1984 and January 1985, and be- 
tween June and July 1985. The effective 
total stock adjustment between December 
1984 and December 1985 was minus 6,000 
tons. 


TRANSPORTATION 


Ocean freight rates from Hamburg, Fed- 
eral Republic of Germany, to India and 
from Vancouver, Canada, to India fell slow- 
ly throughout the year. Both fell from about 
$30 per ton to the lower or middle $20's. 
Published U.S. rail tariffs were unchanged 
in the southern half of the country, whereas 
some railroads in the northern half of the 
country reduced their rates to compete with 
truck backhauls. Unpublished, i.e., Staggers 
Act, contracts and contract rates declined. 
The Canadian railroads raised their pub- 
lished rates to the United States by 7% in 
November. The collapse in October of an 
underwater section of a lock on the Welland 
Canal between Lake Erie and Lake Ontario 


delayed grain movements from the Central 
United States and Canada to the Atlantic 
Basin for nearly 1 month, but the potash 
trade was unaffected. The Tennessee-Tom- 
bigbee Waterway opened on June 1 between 
the Tombigbee River, which passes to the 
sea at Mobile, AL, and the Tennessee River 
in northeastern Mississippi; the effect on 
potash trade has been negligible. 

About 900,000 tons of Canadian muriate 
of potash passed through Thunder Bay, 
Ontario, Canada, for lake freightage to U.S. 
Great Lakes ports. About 900,000 tons of 
Canadian muriate of potash was shipped to 
Minneapolis or St. Louis for transfer to 
barges. 
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The domestic potash market was oversup- 
plied, with ensuing low prices. Potash prices 
near yearend, f.o.b. plant for domestic pro- 
ducers and at the U.S. border for foreign 
producers, appeared to be below costs of 
production for some domestic producers. 
The average price, f.o.b. mine, of U.S. pot- 
ash sales of all types and grades decreased 
slightly to $140.89 per ton. The average 
price was $142.71 in the first half of the 


year and $138.31 in the second half. The 
average annual price for the three grades of 
muriate fell to $96 per ton. Standard-grade 
muriate of potash averaged $100 per ton, 
coarse-grade averaged $96 per ton, and 
granular-grade, which had the greatest 
price decrease, averaged $93 per ton. The 
average annual price for sulfate of potash 
declined to $353 per ton. 


Table 7.— Prices! of U.S. potash, by type and grade 
(Dollars per metric ton of K. O equivalent) 


1983 1984 1985 
Type and grade January- July- January- July- January- July- 
June Dece June December June December 
Muriate, 60% KsO minimum: 
EE 98. 98.5 106.44 106.20 101.99 97.31 
ODE Suo SS Ecce E weis 108.18 104.73 115.23 103.33 102.42 87.35 
Granula Fd: 104. 99. 115.68 103.97 101.30 78.85 
All muriate - ----------------- 100.10 99.75 111.98 104.86 101.73 88.71 
Sulfate, 50% KO minimum 853.19 859.03 874.22 877.21 367.24 339.98 
1 Average prices, f.o.b. mine, based on sales. 
3S Excluding soluble and chemical muriates. 
FOREIGN TRADE 


U.S. potash exports rose 16%, by ton 
product. The major destinations in Latin 
America, which received 5396 of the ex- 
ports, by ton product, were Brazil, Mexico, 
Colombia, the Dominican Republic, Costa 
Rica, and Chile. These countries represent- 
ed 90% of the exports to Latin America. 
Exports to Brazil, Colombia, and the Domin- 
ican Republic declined slightly while ex- 
ports to Chile rose nearly 70%; to Mexico, 
nearly 60%; and to Costa Rica, nearly 15%. 
Exports to Japan rose by 67% and to New 
Zealand, by nearly 37%. Exports to Canada 
fell nearly 1896, and exports to India rose 
from zero. 

A 59% decrease in total U.S. imports of 
potash was represented primarily by de- 
creases in muriate from the U.S.S.R. and 
the German Democratic Republic. Imports 
of muriate from Canada were essentially 
unchanged from that of 1984 and amounted 
to 94% of all muriate imports and 98%, by 
K,O equivalent, of all potash imports. Israel 
was the second largest source of imports, 
with 6% of muriate of potash imports and 


6%, by K.O equivalent, of total potash 
imports. 

The remaining dumping petitions before 
the International Trade Commission (ITC) 
were against the German Democratic Re- 
public and the U.S.S.R. These investigations 
were completed in early 1985 with determi- 
nations in both cases that potash had not 
been sold for less than fair value; the 
preliminary findings had called for greater 
than 100% antidumping duties on imports 
from both countries. The countervailing 
duty petitions against these two countries 
had been dropped in 1984 by the Interna- 
tional Trade Administration of the US 
Department of Commerce because of the 
difficulty of the analysis. The petitioners 
joined an appeal in the U.S. Court of Inter- 
national Trade concerning a similar deci- 
sion. The Court Opinion and Order reversed 
and remanded the Commerce determina- 
tions that “...subsidies... could not be found 
in countries with nonmarket economies." 
An appeal by Commerce was in progress at 
yearend. 
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Table 8.—U.8. exports of potash 
8 Quantity (metric tona) 
Kai) content Product KO equiv- (thousands) 
1984! 
Potassium chloride, all grades_ -.-- 61 621,820 819,300 *$57,200 
Potassium sulfat 51 67,820 34,340 
Potassium magnesium sulfate... „ 22 147,160 32,380 314,550 
PPP unes E XX 896,300 446,020 3 995 660 
1985* 
Potassium chloride, all grade „ 6 699,77 A 
Potassium sulfate |. LLL LLL llc 51 91,000 46,410 NA 
Potassium magnesium sulfat 22 1 ,100 A 
TOU. oou cod. eee ee Lc a XX 978,060 518,370 NA 
NA Not available XX Not applicable. 
oe Durea of the Census, as adjusted by the Bureau of Mines. 
AA. port. 
*Data do not add to total shown because of independent rounding. 
“Source: Bureau of the Census. Census ceased reporting value of shipments as of July 1985. 
Table 9.—U.S. exports of potash, by country 
Metric tons of product 
Potassium Potassium sulfates, value. 
Country chloride all grades! Total 5 
1984* 1985* 1984* 1985* 1984* 1985* 1984* 1985* 
Argentina e ug e eg 2,000 3,150 em 1,490 2.000 4,640 $200 NA 
5.01 5 € Self Hed erick 11,520 11,810 9,050 10,000 20,570 21,810 2.940 NA 
Bahamas £2 Ee 1,790 2,650 1,790 380 NA 
OS PREG WERE à -. 8000 43 43 270 NA 
— — 1,350 ^ bd. 1,350 des NA 
E 289,930 272,070 4,000 5,500 293,930 277,570 28,200 NA 
0 eee 1,590 73,440 58,430 75,030 61,860 9,500 NA 
6 pipe asi a fo d 12,350 20,910 12,350 20,910 2,560 NA 
66 43,480 48,860 16,130 8,840 59,610 57,700 5,940 NA 
sU Y. o poem ON qe 6,450 8,520 14,690 15,620 21,140 24,140 2,340 NA 
—— Republic 26.770 20,840 1,740 5,710 28,500 2,860 NA 
E ENS es e wr st die ad a 14,980 12,100 5,110 8,350 20,090 15,450 1,810 NA 
— West Indies e 5,250 8,150 4,580 3,150 ; 340 NA 
— quer 3,160 14 420 8,040 8,580 3,050 400 NA 
TT SSS ee 74 10 27 611 67 NA 
ee ee 620 "x 90 240 710 240 61 NA 
c ee — 43,780 de Wis ays 43,780 Hä NA 
Italy... vic Ce 110 7 250 7 2 NA 
deeg, Sos = Qe ares os 120 es 120 1 NA 
— ANE NCC EO 74,910 16,650 10,220 65,150 85,130 141,800 6,830 NA 
Korea, Republic of |... SR e 46 6,950 46 6,950 5 NA 
Leeward and Windward 
88 E uec aus dcm 1,550 äi 64 1,610 En 170 NA 
1 14.250 23,800 12,100 23,800 26,350 1,900 NA 
oe eee 42,190 77.820 26,310 30,100 68,500 107,920 8,530 NA 
New Zealand. .. ..... 59,090 81,820 37 » 59,460 81,280 5,260 NA 
PORE aaa 4,250 1,450 150 290 4,400 1,740 440 NA 
Q, . 9 tp ee ee mes 19,160 14,420 1,210 1,260 20,880 15,680 1,840 NA 
Philippines 35 " 2,130 11,600 2,160 11,600 420 NA 
. TES E Zei * Eo Gas 550 e NA 
Saudi Arabia T Ge 180 60 180 60 20 NA 
— EES 2 500 640 i» 640 500 150 NA 
QO MICRO E 400 geg 490 400 490 30 NA 
pi 17777 MENSIS PUN Li * 4.000 y 4,000 Kee 360 NA 
ee eae xA, 1,270 EM Ze 2 1.270 An NA 
Venezuela __________ 19,040 180 34 19,080 130 1,760 NA 
. ure din e Be 3,280 3,280 =a NA 
OOM LL aon tame me 101 520 350 780 460 1,300 54 NA 
Totaldʒ 621,820 699,70 214,480 273.290 836,800 973,060 85,660 NA 
NA Not available. 


‘Includes potassium magnesium sulfate. 
*Data may not add to totals shown because of independent rounding. 
F. as. US. port. 
“Source: Bureau of the Census, as adjusted by the Bureau of Mines. 
*Source: Bureau of the Census. Census ceased reporting value of shipments as of July 1985. 
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Table 11.—U.S. imports for consumption of potash 


imate Quantity (metric tons) Value (thousands) 
average BILE ER 
Kai 
55 Product equivalent® Customs Cif. 
(percent) 
1984 
Potassium chloride 61 7,848,100 4,787,300 200 — $614,500 
Potassium sulfat 50 56,800 29,000 11,700 12,600 
Potassium onitrgte ~~ _ Le 45 20,500 9,200 6,300 6,900 
Potassium sodium nitrate mixtures 14 22,300 8,100 3,000 8,300 
Total 2 o ee ceo E XX 7,947,700 4,828,600 658, 100 697,400 
1985 
Potassium chloride 61 7,456,800 4,548,700 476,000 514,600 
Potassium sulfat 49,800 25,400 9,600 10,400 
Potassium nitrate _________ ~~~ LLL 22-22 45 80,500 13,700 9,100 9,900 
Potassium sodium nitrate mixture 14 83,800 4,700 4,400 5,000 
Toal -ranae ĩð- NONO XX 1,570,900 4,592,500 499,100 539,900 
"Estimated. XX Not applicable. 
1Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census, as adjusted by the Bureau of Mines. 
WORLD REVIEW 


World production remained about the 
same as that in 1984 as Canadian potash 
producers limited production in an effort to 
maintain reasonable stock levels. World 
prices, as exemplified by the price of stand- 
ard muriate of potash, f.o.b Vancouver, 
Canada, reported by British Sulphur Corp., 
were in the middle $80's during the first 
half of 1985 and fell to the middle $70's by 
yearend. Potash was generally in oversup- 
ply at prices less than many producers' 
total costs. 

Argentina.—An Argentinian firm, Cía. 
Minera Tea, and the U.S. subeidiary, 
Texasgulf, of the French firm Elf Aquitaine 
were exploring a reportedly large potash 
resource in Mendoza Province, which is on 
the western border of Argentina. 

Bolivia.—The Government formed a new 
company, Complejo Industrial de los Recur- 
sos Evaporiticos del Salar de Uyuni, to 
develop the Salar de Uyuni. Proposals for a 
multiproduct plant included a 200,000-ton- 
per-year muriate of potash plant. 

Brazil.—The new potash mine at Ta- 
quari-Vassouras was reported to have open- 
ed during the spring. In December 1983, the 
Government had estimated Brazil's total 
potash reserves to be 188 million tons. 

Canada.—In the fall of 1984, during min- 
ing operations at the PCS Rocanville Mine, 
a connection with the overlying Dawson 


Bay water-bearing strata was encountered 
that caused some flooding of a gallery. The 
leak was stopped in the spring of 1985, by 
casting a large concrete plug in the gal- 
lery. Rocanville was closed for nearly 3 
months. The Denison-Potacan Potash Co. 
mine and mill started production during the 
year. This muriate of potash plant had an 
800,000-ton-per-year capacity. According to 
the Potash & Phosphate Institute, Den- 
mark, France, Ireland, and Switzerland im- 
ported 124,000 tons of potash from Canada. 
Denmark had been importing potash from 
North America for many years; France was 
a partial owner of Denison-Potacan Potash. 
The PCS plan for a sulfate potash produc- 
tion plant on Quill Lake awaited a final 
decision. Quill Lake, east of Saskatoon in 
the Province of Saskatchewan, was consid- 
ered to be a source of sulfate ions for the 
"glaserite" process. 

The Central Canada Potash plant of No- 
randa Inc. was closed for about 3 months. 
The Cominco Ltd. plant at Vanscoy was 
closed for more than 2 months. The Inter- 
national Minerals & Chemical Corp. (Cana- 
da) Ltd. plants were closed for about 1.5 
months. The PCA plant at Patience Lake 
was closed for more than 1 month. Three 
other PCS mines were closed for more than 
8 months. 

The Canadian subsidiary of PCA was sold 
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to Rio Algom Ltd., the Canadian subsidiary 
of Rio Tinto Zinc Corp. PLC of the United 
Kingdom. The sale included the Saskatch- 
ewan and New Brunswick mines and mills 
and the St. John, New Brunswick, loading 
dock and dockside warehouse. Rio Algom 
planned to invest nearly $22 million? into 
the Sussex, New Brunswick mine and mill 
to remove bottlenecks to full production. 


Table 12.—Salient Canadian potash 
statistics 


(Thousand metric tons of K,O equivalent) 


1982 1983 1984 1985 
ion! 5.208 5.928 7.749 6,687 
Domestic sales by do- 
mestic producers! 278 885 436 484 
United States... 3.202 8965 3.892 4,163 
TUN 1576 2.028 2544 1,928 
Imports for : 
consumption 18 17 20 14 
Domestic 
consumption? _ _ _ 286 402 456 448 
Yearend prod 
stock 1,486 862 1,548 1,766 


1Data supplied by the Potash & Phosphate Institute. 
*From Bureau of the Census export data. Muriate and 


east coast 
from European and Middle Eastern sources. 
*Domestic sales by domestic producers plus imports. 


Chile.—Sociedad Quimica y Minera de 
Chile announced plans for potassium ni- 
trate production from facilities at Coya Sur 
in the Atacama Desert 

Denmark.—Superfos A/S annouced plans 
for a sulfate of potash manufacturing plant 
using gypsum and purchased muriate of 
potash. 

German Democratic Republic.—The new 
port facilities at Rostock, to import urea 
and export potash, were completed. The 
potash storage facility was 35,000 tons of 
product with an annual flowthrough capaci- 
ty of 400,000 tons. The vessel size limit was 
estimated to be 35,000 deadweight tons. 

Israel.—The old flotation plant at the 
Dead Sea Works Ltd. (DSW) was closed 
from April through yearend to maintain 
reasonable potash stock levels. The parent 
company, Israel Chemicals Ltd., decided to 
reduce its 5-year, $1 billion investment 
plans by one-half. The planned investment 

in potash was cut to $125 million from $150 
million, which was to have increased the 
plant capacity from 1.3 to 1.8 million tons. 
Declining oil prices have reduced the fore- 
seeable profits from the Mediterranean Sea 
to Dead Sea electricity generation proposal, 
and the project has been abandoned. This 
project was expected to destructively 
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change the Dead Sea’s chemical composi- 
tion and thereby alter the chemistry of the 
solar evaporation ponds for both the DSW 
and the Arab Potash Co. in Jordan. Con- 
struction of the 18-kilometer conveyor belt 
from Sdom to the Israel Railways terminal 
at Tsefa was started. The belt was designed 
to transport 800 tons per hour of potash 
from 400 meters below sea level to 400 
meters above sea level. 

Jordan.—The Arab Potash plant pro- 
duced muriate of potash at more than one- 
third of the design capacity of 1.2 million 
tons in 1984 and one-half of capacity in 
1985. The goal for 1985 production had been 
more than two-thirds of capacity. Near 
yearend, the firm asked for bids to modify 
the plant. 

Mexico.—A potash recovery plant was 
reported to be under construction at the 
Cerro Prieto geothermal field.‘ Design ca- 
pacity was 200,000 tons per year by solar 
evaporation and fractional crystallization 
from a feed of 2 cubic meters per second of 
brine from three powerplants. 

Spain.—The Potasas de Navarra S.A. 
Mine south of Pamplona, owned by the 
Instituto Nacional de Industria (IND, was 
closed and reopened as the Potasas de 
Subiza Mine, owned 5096 by INI and 5096 by 
the government of the Province of Navarra. 
The rate of production was reduced from 
825,000 tons to about 130,000 tons per year 
to extend the life of the mine. The work 
force dropped from about 2,000 to 600 em- 
ployees. A new mine in Cataluña was being 
considered by either INI or Unión Explosi- 
vos Río Tinto S.A., the owner of Potasas de 
Llobregat and of Cardona. 

Thailand.—The Sakon Nakon concession 
was offered for bid after AMAX Exploration 
Inc. failed to sign for the exploration rights. 

U.S.S.R.—The potash resource that had 
been reported to be 70 billion tons along 
the Baykal-Amur Railway was named the 
Nepskoye deposit and reported to be 300 
kilometers east of Ust-Kut in the Irkutsk 
Oblast on the Lena River. The Soligorsk No. 
4 plant was reportedly experiencing contin- 
uing production difficulties. The plant had 
been placed into operation in 1979-80. 


1Physical scientist, Division of Industrial Minerals. 

* All tonnages reported, in metric tons, KO equivalent, 
unless 555 

where necessary, es have been converted from 
Canadian dollars GANS) to U.S. dollars at a rate of 
ae .3655 = US$1.00, the average exchange rate for 

“Espinosa, H. A. Geothermal, An Alternate Energy 
Source for Power Generation. Geotherm. Resour. Counc. 
Bull., Feb. 1985, pp. 9-12. 
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Table 13.—Marketable potash: World production, by country' 
(Thousand metric tons of K,O equivalent) 


Country 1981 1982 1983 1984° 1985° 
Canada (anale “)).. 6.549 5,309 6,938 1,521 6,600 
J 8 21 21 21 18 19 
China -o 20 26 29 40 40 
A  — ee ee 1,831 1,704 1,536 1,739 1,750 
German Democratic Republic 8,460 3,434 3,431 3,465 3.475 
Germany, Federal OO oe cc 2,591 2,056 2,419 2.644 2.580 
JC VT! 8 839 1,004 1,000 1, 100 1,100 
7 ( 1142 146 184 178 1205 
Jordan- -------------------- x 9 172 295 550 
EES 732 692 657 2677 
USSR- DC. ³ĩV˙ JA 8 8.449 8,079 9,294 9,776 10,000 
United Kingdom... 2 -~--~_____- 285 245 808 825 
United States 2.156 1,784 1,429 1,564 51.296 
Total ot unc ĩ˙¹ 721.015 124,509 27,418 29,348 28,618 


Table includes data available through Apr. 29, 1986. 
*Official Government figures. Potash & Phosphate Institute production data are given in table 12. 
yz pane sre officially reported output of potassium nitrate product (gross weight basis) converted assuming 14% 
equivalent. 
“Chinese data on production Lo potesse fertilizers are in terms of nutrient content; small additional quantities may be 
produced and used by the nonfertilizer chemical industry. 
5 Reported figure. 


Pumice and Pumicite 


By A. C. Meisinger 


Production of pumice and pumicite by 21 
domestic producers in 1985 was 508,000 
short tons valued at $4.6 million compared 
with 502,000 tons valued at $4.9 million in 
1984. U.S. apparent consumption declined 
6% to 749,000 tons, primarily because of a 
17% decrease in imported pumice. Greece 
continued to be the major source of pumice 
imports with 98%. Estimated world produc- 
tion declined slightly to 12.1 million tons. 

Domestic Data Coverage.—Domestic pro- 


duction data for pumice and pumicite are 
developed by the Bureau of Mines from one 
voluntary survey of U.S. operations. Of the 
22 operations to which a survey request was 
sent, 18, or 82%, responded, representing 
97% of total production data shown in table 
1. Production for the four nonrespondents 
was estimated using reported prior year 
production levels adjusted by trends in em- 
ployment and other guidelines. 


Table 1.—Salient pumice and pumicite statistics 
(Thousand short tons and thousand dollars unless otherwise specified) 


United States: Sold and used by producers: 


Pumice and pumicit k 
Value (f.o.b. mine and/or mill2çLVEI 


Average value per ton 


Exporiaa oculoa gc. d c 


nt consumption! 


Appare 
World: Production, pumice and related volcanic materials 


- zeg mm — pe c wg c c em  — mm = X 


1981 1982 1983 1984 1985 

xu 499 416 449 502 508 
S $4,311 $3,750 34.488 $4,929 $4,553 
we $8.64 $9.01 $9.99 $9.82 $8.96 
Sai 1 1 1 1 
Sie 92 121 184 293 242 
La 590 536 632 194 749 

13,694 — "13,446 11,966 12.662  *12,110 


ted. Preliminary. "Revised. 


“Estima 
1Production plus imports, minus exports, plus adjustments for Government and industry stock changes. 


DOMESTIC PRODUCTION 


Production of pumice and pumicite by 
domestic producers increased slightly to 
508,000 tons, but decreased 8% in value to 
$4.6 million compared with 1984 output. 
Twenty-two mines and/or plants were op- 
erated by 21 companies in 8 States, with 
California, Idaho, New Mexico, and Oregon 
accounting for 9696 of U.S. production. 

Principal domestic producers were Amer- 
ican Pumice Products Inc., Littlelake, CA; 


Tionesta Aggregates Co., Tulelake, CA; Am- 
cor Inc., Idaho Falls, ID; Hess Pumice Prod- 
ucts, Malad City, ID; Producers Pumice Inc., 
Boise, ID; Copar Pumice Co. Inc., Santa Fe, 
NM; General Pumice Co., Santa Fe, NM; 
Utility Block Co., Albuquerque, NM; Cas- 
cade Pumice Co., Bend, OR; and Central 
Oregon Pumice Co., Bend, OR. Together, 
these 10 companies accounted for 92% of 
the tonnage and 68% of the value of total 
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U.S. production of pumice and pumicite. 
Hees Pumice Products announced the 
relocation of the company’s milling oper- 
ations and construction of a new mill in the 
Malad City Industrial Park during the year. 
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Construction was expected to be completed 
in early 1986 and will be financed by 
industrial revenue bonds. The company’s 
pumice mine is about twenty miles north- 
west of Malad City, ID 


Table 2.—Pumice and pumicite sold and used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 


1984 1985 
Quantity Value Quantity Value 
77 CNRC EE 2 21 W 2 
677 ceu Ln c LES EE AD 80 1,600 18 1,491 
7117 ---------------- -M 132 1,269 152 1,114 
ü a ast 88 288 2,089 279 1,947 
Total i dos Na a tat D E 502 4,929 508 4,553 
W Withheld to avoid disclosing company proprietary data; included with “Other.” 
!Includes Hawaii, Idaho, Oklahoma, Oregon, and data indicated by symbol W. 
Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


U.S. apparent consumption decreased 696 
to 749,000 tons, owing, in large part, to a 
1796 decline in pumice imports compared 
with that of 1984. Principal uses of domesti- 
cally produced pumice and pumicite in- 
creased 12% for abrasives and 20% for 


landscaping, but declined slightly for both 
concrete admixture and aggregate and deco- 
rative building block. Other uses of pumice 
increased 110%, primarily owing to increas- 
ed use in road construction and mainte- 
nance during the year. 


Table 3.—Pumice and pumicite sold and used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


Use 
J. and scouring FO pou ada «is 
admixture and aggregate 
Decorative building block. `... 
Other? aes Se y v 
Totàl 5n eec cL ok te 


1984 1985 

Quantity Value Quantity Value 
5 25 810 28 491 
NND, 169 816 158 818 
3 272 2.801 260 400 
. 15 129 18 13 
3 21 818 44 705 
55 502 4.929 508 4,553 


‘Includes heat-or-cold i ici i road construction i ules, and 
— insulating medium, pesticide carriers, material, roofing granules, 


The average value, f.o.b. mine or mill, for 
domestic pumice and pumicite sold and 
used was $8.96 per ton, a 9% decrease from 
that of 1984, and the second straight year of 
decline. 

Prices quoted in Chemical Marketing Re- 
porter for domestic grades of pumice bagged 
in 1-ton lots were, at yearend, $270 per ton 
for fine and $300 per ton for medium, 


coarse, and 2-extra coarse. Yearend quoted 
prices on imported (Italian) pumice, f.o.b. 
east coast, bagged in Lon lots, were $280 
per ton for fine, $350 per ton for medium, 
and $300 per ton for coarse. 

The average declared customs value of 
pumice imported from Greece for use in 
concrete masonry products decreased from 
$6.82 to $6.47 per ton. 
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Pumice imported for consumption declin- of which 237,535 tons was used to produce 
ed 17% to 242,000 tons. Greece was the concrete masonry products. 
principal source with a total of 287,600 tons, 


Table 4.—U.S. imports for consumption of pumice, by class and country 


For use in the Manu- 
Crude or Wholly or parti manufacture 
unmanufactured mesufectired. of concrete masonry 1 
Country products ` 
Quantity Value Quantity Value Quantity Value Value 
(short (thou- (short (thou- (short (thou- (thou- 
tons) sands) tons) sands) tons) sands) sands) 
1984: 
Gros 5,167 $75 E ue 215,156 $1,880 FR 
Iceland `... 153 ua ii E m 
italy eL seruo ore 8,291 156 172 $96 KA p $23 
Medien... a mr WER dM 72 2 
Other 11 18 20 12 8 8 124 
Total 16,708 402 192 275,881 1,885 148 
1985: 
Gross 24 10 41 15 287,585 1,687 90 
Iceland ____.___.____ 498 EC n» ash pes os 
India EUN mn SN Ll 2,176 AK 
italy ͥ 2A 120 42 294 1,061 1 44 
Medien... 90 82 -- —— e eos a 
Ober? 49 22 22 9 1 1 144 
Total oo es 781 198 887 108 240,768 1,547 218 
lIincludes Canada, China, Denmark, France, the Federal of ; Ji N 
5 ge me pani Pm Kong, Japan, Nigeria, 
Taiwan, andthe United Kingdom. — i f : 8 
Source: Bureau of the Census. 
WORLD REVIEW 


World production of pumice and related maining 35%, France, Spain, the United 
volcanic materials declined 4% to an esti- States, and Yugoslavia accounted for 68%. 
mated 12.1 million tons. The combined out —————— 
put of Greece and Italy accounted for 65% Industry economist, Division of Industrial Minerals. 
of the world’s total production. Of the re- 


790 MINERALS YEARBOOK, 1985 


Table 5.—Pumice and related volcanic materials: World production, by country! 


(Thousand short tona) 
Country? 1981 1982 1988 1984” 18885 
Annu ³ ͤ .. ]⅛˙ EE? 56 59 76 60 62 
tr rr ON MGR UL De ]ĩ oem ² 8 9 12 3 11 T 
... V 2. ocu ͤ⁵ũw... Pe fna dom top er Som 58 89 NA NA NA 
Cape Verde Islands: Nolan 11 11 ll ll ll 
C ²⁰ es oe Ee, DEE 806 190 192 190 18 
. AA MEDIE, ˙ 0A ˙ wm ̃ A.. e 1 2 2 2 2 
Dominica: Pumice and volcanic ak 120 120 120 120 120 
. . mmm tm 518 790 669 r *550 610 
Germany, Federal Re = of: 
0 : - 0 os so Em "882 1441 441 717 660 
TTT TE ee, GE e sod dris n 220 220 NA NA NA 
Greece: 
PORE La quei AA VR o Choe Se me ip d emm bee 1802 707 552 691 695 
% sf cep torn ˙ 3 71,312 71,297 1,004 1,001 1,005 
"ATTERT etn 265 265 265 265 265 
—— 
CCC ˙ AA CERES 17 13 *17 "15 15 
Volle ME eru etre y ⁊ m ͤ Qu ni qu trum e 5 *4 (*) (*) e 
MUERE WE 37 T21 50 r Sen 65 
us d 
mice and pumiceous lapilllllIk2e2e2e ~~~ *671 825 770 720 660 
PENNE ee TT m tot ace ELS rad ed Ep oir id cr aoi s *6,073 6,100 5,500 6,100 5,500 
.. ——— x ⅛ᷣͤ . — case 1172 170 165 165 165 

"A", Le ai. tds ea EE Ee 87 55 19 17 22 
Re Lc -eumucoEdmmamsmed ] see, 1,034 1,070 1,105 915 990 
United States (sold and used by producer) 499 416 449 502 *508 
ü . AA m eR 588 569 556 T 550 560 

pio NR RU ee SE "13,694 13,446 11,966 12662 12110 

“Estimated. Preliminary. Revised. NA Not available. 

Table includes data available through May 20, 1986. 

*Pumice and related volcanic materials are also produced in a number of other countries, incl (but not limited to) 
Ethiopia, Iran, Ja Mexico, , and the USSR, but output ie not reported , and available 
information is for the form of reliable estimates of output levels. 

*Unspecified volcanic materials produced mainly for use in construction products. 


‘Reported figure. 
Less than 1/2 unit. 
"Includes Canary 


Rare-Earth Minerals and 
Metals 


By James B. Hedrick: 


Domestic production of rare earths in 
1985 dropped to its lowest level in 9 years as 
a result of decreased demand in certain 
market sectors. Producers operated at about 
one-half of their rated production capacity. 
Foreign sources of rare earths gained a 
larger share of the U.S. market, while 
domestic exports remained essentially 
unchanged from 1984 levels. Molycorp Inc., 
a wholly owned subsidiary of Unocal Corp., 
and Associated Minerals (USA) Ltd. Inc., a 
subsidiary of the Australian-owned com- 
pany Renison Goldfields Consolidated Ltd., 
were the only domestic mine producers of 
rare-earth minerals. Mine production by 
Molycorp accounted for the significant de- 
cline in domestic rare-earth production in 
1985, while Associated Minerals operated at 


a record-high level. Molycorp, Rhóne- 
Poulenc Inc., W. R. Grace & Co.’s Davison 
Chemical Div., and NUCOR Corp.’s Re- 
search Chemicals Div. were the principal 
processors of rare earths in the United 
States. Major end uses were in petroleum 
cracking catalysts, metallurgical applica- 
tions, glass and ceramics, and permanent 
magnets. 

Domestic Data  Coverage.—Domestic 
mine production data for rare earths are 
developed by the Bureau of Mines from a 
voluntary survey of U.S. operations, the 
"Rare Earths and Thorium" survey. Both 
mines to which a survey request was sent 
responded, representing 100% of total pro- 
duction. Production data are withheld to 
avoid disclosing company proprietary data. 


Table 1.—Salient U.S. rare earth statistics 
(Metric tons of rare-earth oxides (REO) unless otherwise specified) 


1981 1982 1983 1984 1985 

Production of rare-earth concentrate? 17,082 17,501 17,083 25,311 13,428 
Exports: 

Ore and concentrate 5,056 2,565 2,684 4,304 4,419 

Ferrocerium and pyrophoric alloys 22 ese 4 22 59 27 23 
Imports for consumption: 

nurrgr deme õ²y EI E 4,108 3,962 2,215 3,114 3,132 

Metals, alloys, oxides, compounds 1,631 1,695 1,857 2,926 1,124 
Shipments from Government stockpile _ - - - -- -- ------—- 802 364 E. s o 
Stocks, producers and processors, yearend |... W W W W W 
Consumption, ap T o MM R RU KNEE AME CURA 20,000 17,100 19,600 21,400 12,100 
Prices, yearend, dollars per kilogram: 

Bastnasite concentra basis... -------------- $2.14 $2.31 $2.14 $2.14 $2.14 

Monazite concentrate, basis ͤ cc ee $0.8 $0. $0.71 $0.64 $1. 

Mischmetal, metal basis $12.35 $12.35 $12.35 $12.35 $12.35 
Employment, mine and mill *. .. 275 303 266 $21 : 
Net import reliance* ° as a percent of apparent consumption 14 ($) 12 ($) ($) 


Estimated. W Withheld to avoid disclosing company proprietary data. 
Comprises only the rare earths derived from bastnasite, as reported in Unocal Corp. (previously Union Oil Co. of 


California) ann 


reports. 


Employment at a rare-earth mine in California and at minerals sands operations in Florida and Georgia. The latter 
mines produced monazite concentrate as a byproduct of mining ilmenite, rutile, and zircon, and employees were not 


assigned to specific commodities. 


*Imports minus exports plus adjustments for Government and industry stock changes. 


Increase in industry stocks exceeded net importa. 
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DOMESTIC PRODUCTION 


According to Unocal’s annual report, Mo- 
lycorp’s sales of rare earths declined in 
1985, primarily as a result of decreased 
demand for rare-earth-containing fluid 
cracking catalysts used in leaded fuel pro- 
duction. New regulations by the Environ- 
mental Protection Agency, which sharply 
reduced the amount of lead that can be 
added to boost octane levels in gasoline, 
were cited as the cause of the reduced rare- 
earth demand. Sales of Molycorp's lower 
volume, higher value separated rare earths, 
especially those compounds used in the 
manufacture of phosphors and permanent 
magnets, were reportedly strong. 

Unocal's Canadian subsidiary, Unocal 
Canada Ltd., formed a joint venture with 
two other Canadian companies, Denison 
Mines Ltd., and a new company, SM Yttri- 
um of Canada, which represents the inter- 
ests of the Japanese companies Shin-Etsu 
Chemical Co. and Mitsui & Co., to recover 
yttrium and rare-earth concentrate as a 
byproduct of processing uranium leach solu- 
tions from Denison's Elliot Lake Mine. Mo- 
lycorp planned to process the concentrate at 
its Louviers, CO, facilities to produce high- 
purity yttrium and rare-earth compounds. 
Molycorp's decision to obtain its own yttri- 
um concentrate was believed to be the 
result of increasing costs and the uncertain- 
ty of adequate supplies of imported yttrium 
concentrate, produced mainly as a byprod- 


uct of processing tin in Malaysia. Yttrium's 
strong and growing demand as a phosphor 
and ceramic material was probably another 
consideration in the joint venture invest- 
ment. 

General Motors Corp. planned to produce 
neodymium-iron-boron permanent magnets 
using a General Motors-developed rapid 
solidification process at a new plant in 
Anderson, IN. The company was scheduled 
to initially produce the magnets for use in 
starter motors in selected late-1986-model 
year cars and further expand use and appli- 
cations to its other vehicles in 1987.* Gener- 
al Motors expected to market 80% of its 
neodymium-iron-boron magnet production 
outside the company. 

M&M Minerals Inc. will reportedly recov- 
er monazite and other heavy minerals from 
three streams in the vicinity of Concord, 
NC, beginning in 1986. The placer operation 
was to have a capacity of about 40,000 
metric tons per year of ore containing 
about 18% heavy minerals, including 5% 
monazite.* 

Associated Minerals installed a bucket 
wheel excavator on the floating dredge at 
its Green Cove Springs, FL, minerals sands 
operations. The equipment was expected to 
increase recovery and throughput of heavy 
minerals, including monazite, by dredging 
faster in the harder, shallower layers of the 
Green Cove Springs ore body.* 


CONSUMPTION AND USES 


Domestic rare-earth processors consumed 
an estimated 12,700 tons of equivalent rare- 
earth oxides (REO) in various forms in 1985, 
49% less than was consumed in 1984. Con- 
sumption of bastnasite and  monazite 
decreased 51% and 21%, respectively, from 
that of 1984. The decreased consumption 
was attributed principally to lower demand 
in the rare-earth petroleum catalyst mar- 
ket. 

Shipments of rare-earth products from 
domestic processors of ore, concentrates, 
and intermediate concentrates amounted to 
14,000 tons of equivalent REO, a decrease of 
32% from the revised 1984 shipments of 
20,500 tons. 

Consumption of mixed rare-earth com- 
pounds (REO basis) was essentially un- 
changed from the 1984 level, while con- 
sumption of purified compounds (REO ba- 


sis) increased 6%. Higher consumption of 
purified compounds was the result of strong 
demand for samarium, neodymium, dys- 
prosium, and certain other rare earths used 
in high-strength permanent magnets, for 
yttrium and europium oxides used in phos- 
phors, and for yttrium oxide used in high- 
temperature ceramics and refractory appli- 
cations. 

The producers of mischmetal, rare-earth 
silicide, and other rare-earth alloys con- 
sumed 24% less rare earths in 1985 than in 
1984, while shipments of these goods fell 
38% during the same period. Shipments of 
high-purity rare-earth metals increased 4% 
during the year. 

The approximate distribution of rare 
earths by end use, based on information 
supplied by primary processors and some 
consumers, was as follows: petroleum cata- 
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lysts (including chemical processing cata- 
lysts), 46%; metallurgical uses (including 
iron and steel additives, alloys, and misch- 
metal), 32%; ceramics and glass (including 
polishing compounds and glass additives), 
18%; and miscellaneous uses (including 
phosphors, electronics, permanent magnets, 
lighting, and research), 4%. 

The glass industry’s principal use of rare 
earths, mainly cerium concentrate or ceri- 
um oxide, was as polishing compounds for 
lenses, mirrors, cut crystal, television and 
cathode-ray tube faceplates, gem stones, 
and plate glass. Purified rare-earth com- 
pounds were also used as additives to glass 
used in containers, television and cathode- 
ray tube faceplates, radiation shielding win- 
dows, opthalmic lenses, lasers, incandescent 
and fluorescent lights, and optical, photo- 
chromic,. filter, and photographic lenses. 
The rare-earth additives acted as colorants, 
color correctors, and decolorizers, as stabil- 
izers against discoloration from ultraviolet 
light and against browning caused by high- 
energy radiation, as dopants in laser glass, 
as modifiers to increase refractive indices 
and decrease dispersion, and as absorbers of 
ultraviolet and visible light. 

Phosphors containing rare earths were 
used in color television tubes, radar screens, 
avionic and data displays, X-ray intensify- 
ing screens, low- and high-pressure mercury 
vapor lights, electronic thermometers, and 
trichromatic fluorescent lamps. 

The ceramics industry used purified rare 
earths in pigments, heating elements, di- 
electric and conductive ceramics, thermal 
and/or flash protective devices, stereoview- 
ing systems, data printers, image storage 
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devices, and as principal constituents and 
stabilizers in high-temperature refractories 
such as yttria-stabilized zirconia and in 
glasses and paints. 

Purified rare-earth compounds also had 
applications in petroleum cracking cata- 
lysts, noncracking catalysts, oxygen-sensing 
electrolytes, computer bubble domain mem- 
ories, substrates for bubble domain memo- 
ries, dyes and softeners for textiles, elec- 
tronic components, nuclear fuel reprocess- 
ing, microwave applications, incandescent 
gas mantles, gas lasers, fiber optics, carbon 
arc lighting, fertilizers, and synthetic gem 
stones. 

Rare-earth permanent magnets were 
used in electric motors, alternators, gener- 
ators, line printers, computer disk-drive 
actuators, proton linear accelerators, syn- 
chronous torque couples, eddy current 
brakes, microwave focusing, magnetrons, 
klystrons, medical and dental applications, 
including nuclear magnetic resonance im- 
aging, traveling wave tubes, metallic sepa- 
rators, aerospace applications including 
electric actuators for ailerons and rudders, 
and in speakers, headphones, microphones, 
and tape drives. 

Metallurgical applications of rare earths 
included alloys and additives in high- 
strength low-alloy steels, gray and ductile 
iron, stainless and carbon steels, high- 
temperature and corrosion-resistant metals, 
hydrogen storage alloys used in heat ex- 
changers and fuel cells, lighter flints, arma- 
ments, permanent magnets, neutron con- 
vertor foils, special lead fuses, target mate- 
rials for sealed-tube neutron generators, 
and high-voltage transmission cable. 


STOCKS 


U.S. Government stocks of rare earths in 
the National Defense Stockpile (NDS), all 
classified as excess to goal, remained at 457 
tons throughout 1985. Rare-earth stocks 
held in the NDS were contained in sodium 
sulfate and were inventoried on a con- 
tained-REO basis. Authority to dispose of 
these excess rare earths was suspended 
effective October 1, 1984, by section 902 of 
the Department of Defense Authorization 
Act, 1985. Stocks of yttrium oxide held in 
non-NDS Government inventories remain- 
ed at 108 kilograms, all declared excess and 
authorized for disposal. 

Industry stocks of rare earths held by 23 
producing, processing, and consuming com- 


panies increased 6%. Bastnasite concen- 
trate stocks held by the principal producer 
and four other processors remained essen- 
tially unchanged from the yearend 1984 
level. Yearend stocks of monazite concen- 
trates increased 92%, while stocks of other 
concentrates, including yttrium, increased 
10%. 

Stocks of mixed rare-earth compounds 
decreased 9%, while stocks of purified com- 
pounds, mostly separated rare-earth oxides, 
increased 5%. Yearend stocks of misch- 
metal, rare-earth silicide, and other alloys 
containing rare earths were down 8%, 
while inventories of high-purity rare-earth 
metals were 27% higher. 
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The price of Australian monazite (mini- 
mum 55% rare-earth oxide including tho- 
ria, f.o.b./f.i.d.),* as quoted in Metal Bulletin 
(London), in Australian dollars (A$), in- 
creased substantially from the range A$410 
to A$450 per ton at yearend 1984 to A$850 
to A$900 per ton by yearend 1985. Changes 
in the foreign exchange rate in 1985, result- 
ing from the continued economic strength 
of the U.S. dollar against the Australian 
dollar, caused the corresponding U.S. price 
to rise less sharply from the range US$340 
to US$365 in 1984* to US$580 to US$614 in 
1985.7 

The yearend price quoted in Industrial 
Minerals (London) for yttrium concentrate 
(60% Y,O, f.o.b. Malaysia) was $46 per 
kilogram. Domestic prices quoted for yttri- 
um concentrate during 1985, developed by 

the Bureau of Mines from various sources, 
ranged from $51 to $63 per kilogram of 
contained yttrium oxide. 

Prices quoted by Molycorp for unleached, 
leached, and calcined bastnasite, containing 


Product Percent! 
(oxide) purity 
Cerium ..... 99.0 
Europium- _ _ _ 99.99 
Gadolinium. — — 99.99 
Lanthanum .. 99.99 
Neodymium 96.0 
Dño 99.9 
Praseodymium.. 96.0 
Samarium ... 96.0 
Terbium 99.9 
Yttrium... 99.99 


60%, 70%, and 85% REO, were $0.92, $0.97, 
and $1.17 per pound of contained REO, 
respectively, at yearend 1985, unchanged 
since 1983. 

The price of cerium concentrate quoted 
by American Metal Market was $1.40 per 
pound of contained cerium oxide at yearend 
1985; the yearend 1984 price was $1.32. The 
price of lanthanum concentrate also in- 
creased in 1985 to $1.40 per pound of REO 
contained, up 8 cents per pound from that of 
yearend 1984. 

The mischmetal (99.8%, lots over 100 
pounds, f.o.b. shipping point) price, quoted 
in American Metal Market, declined from 
the yearend 1984 price of $5.60 per pound to 
the range $5.00 to $5.60 per pound at 
yearend 1985. 

Molycorp quoted prices for lanthanide 
(rare-earth) and yttrium oxides, net 30 days, 
f.o.b. Louviers, CO, Mountain Pass, CA, or 
York, PA, effective January 2, 1985, as 
follows: 


7 
3 
3 


Quantity 


(pounds) pound 


S8 S8 88K N8 
S888 BER 
SSSSS SSS S8 


purity expressed as percent of total REO. 


Molycorp also quoted prices for lantha- 
nide (rare-earth) compounds, net 30 days, 
f.o.b. York, PA, or Louviers, CO, effective 
January 2, 1985, as follows: 


1 
Product Percent Quantity pine 
(compound) purity (pounds) pound 
Cerium carbonate ___ 99.0 150 $4.00 
Cerium fluoride Tech grade 250 2.50 
Cerium nitrate _.___ 95.0 250 2.15 
Lanthanide chlo- 
ride 46.0 525 84 
Lanthanum car- 
nate 99.9 800 4.60 
Lanthanum chloride _ _ 46.0 625 95 
Lanthanum-lanthanide 
carbonate _______ 60.0 200 2.45 
Lanthanum-lanthanide 
nitrate 39.0 250 1.75 
Neodymium car- 
bonate -` ------- 96.0 300 2.65 


1Priced on a contained REO basis. 


Rhône-Poulenc quoted rare-earth prices, 
per kilogram, net 30 days, f.o.b. New 
Brunswick, NJ, or duty paid at point of 
entry, effective January 1, 1985, as follows: 


Product! Percent Quantity Price per 
(oxide) purity (kilograms) kilogram 
Cerium _____ 99.5 20 $20.35 
Erbium ..... 96.0 50 190.00 
Europium.... 99.99 40 1,725.00 
Gadolinium_ 99.99 50 136.50 
Lanthanum .. 99.99 25 17.25 
Praseodymium_ 96.0 20 38.85 
Samarium ... 96.0 25 70.00 
Terbium .... 99.9 20 815.00 
Yttrium_____ 99.99 50 115.50 


1 prosium, holmium, lutetium, thulium, and ytterbi 
um oxide prices on request from Rhône-Poulenc Inc. 


Rhéne-Poulenc also quoted prices for rare 
earths produced at its Freeport, TX, plant, 
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net 30 days, f.o.b. Freeport, TX, effective cals, net 30 days, f.o.b. Phoenix, AZ, effec- 


January 1, 1985, as follows: 


Product Percent! Quantity ` Price" 
(compound) purity grams) kilogram 
Cerium carbonate .. — 95.0 20 $8.60 
Cerium xide __ 95.0 20 11.25 
Cerium nitrate 95.0 200 11.05 
Cerium oxide 99.5 20 17.75 
Lanthanum car- 
nate 99.5 20 12.60 
Lanthanum-neodymi 
um carbonate ___ 98.0 20 1.20 
Lanthanum nitrate . 99.5 200 11.90 
Lanthanum oxide 99.5 20 18.25 
Neodymium car- 
nate 95.0 20 1.15 
Neodymium nitrate . 95.0 200 8.40 
Neodymium oxide 95.0 20 9.25 


1Purity expressed as percent of total REO. 
*Priced on a contained REO basis. 


Nominal prices for various rare-earth 
products were quoted by Research Chemi- 


tive October 1, 1982, and throughout 1983, 


1984, and 1985, as follows: 

Oxide’ Metal? 

Element pres per price per 

ogram kilogram 
Cerium -~ ----- -Á $20 $125 
ium. -n 110 300 
JJ ie oe Se ct 200 650 
Europium. 2... 22. --- 1,900 1,500 
Gadolinium 140 485 
Holmiunmnn ---- 650 1,600 
Lan MAN eo ee lt 19 125 
Lutetium `... 5,200 14,200 
Neodymium 80 260 
ymium_------------ 130 310 
ium ~- 130 330 
Terbium_ ---------------- 1,200 2,800 
Thulium `. mn 3,400 8,000 
Y TEE 225 875 
Yttrium ----------------- 118 510 


Minimum 99.9% r purity, 1 8 quantities. 
*Ingot form, 1 to 5 kilograms, from 99.9 grade oxides. 


FOREIGN TRADE 


Exports of rare-earth concentrates, pro- 
duced primarily from bastnasite, originated 
mainly from Molycorp's Mountain Pass 
Mine in California. Exports of rare-earth 
metal ores, including bastnasite and a vari- 
ety of mixed and individual rare-earth con- 
centrates, but excluding monazite, decreas- 
ed slightly from 8.0 million kilograms in 
1984 to 7.7 million kilograms in 1985. They 
were valued at $14.8 million in 1985. Major 
destinations were Japan, 62%; Austria, 9%; 
and the United Kingdom, 7%. 

Exports of ferrocerium and other pyro- 
phoric alloys containing rare earths totaled 
25,840 kilograms, 16% lees than those of 
1984. Major destinations for these exports 
were Japan, 59%; Yugoslavia, 19%; and 


Canada, 14%. 

Exports of thorium ore, including mona- 
zite, increased significantly for the second 
consecutive year. France was the destina- 
tion of all of the reported total of 743,103 
kilograms, valued at $415,024, approximate- 
ly $558.50 per ton. 

The import tariff for yttrium-bearing 
ores, materials, and compounds, which ex- 
cludes high-purity yttrium oxide, was sus- 
pended in 1984 for nations having most- 
favored-nation status. The revised import 
classification for yttrium ores and concen- 
trates was TSUS (Tariff Schedule of the 
United States) No. 907.51, which was sched- 
uled to remain in effect until July 1, 1988. 
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Table 2.—U.S. import duties on rare earths 


ite TSUS N Most favored nation (MFN) Non-MFN 
m o. — -— — —e——. 
Jan. 1, 1985 Jan. 1. 1987 Jan. 1, 1985 
Ore and concentrate 601.12, 601.45 Free Free Free. 
Cerium chloride, oxide, compound 418.40, 418.42, 9.2% ad 7.2% ad 35% ad valor- 
418.44 valorem. valorem. em. 
Rare earth oxides except cerium oxide 423.0030 4% ad 3.7% ad 25% ad valor- 
valorem. valorem. em. 
Rare-earth metals (including scandium 632.38 ----d0 i mc --..-do ___ Do. 
and yttrium). 
Alloys wholly or almost wholly of rare- 632.78 38 cents per 82 cents per $2 per pound. 
earth metals nghi e pound. ; 
Other ner alloys who le deg almost wholly of 632.79 21 cents per 20 cents per $2 pound 
1 us Ge 25% ad 
3% 4% 
valorem. valorem. 
Ferrocerium and other pyrophoric alloys 765.35 29 cents per 22 cents per Do. 
oo und plus 
5% 6% 
valorem. valorem 
Yttrium-bearing materials and com- 907.51 |. Free Frese 25% ad valor- 
pounds (includes yttrium concentrates). em or 30% 
ad valor- 
em. 


Crude or concentrated by crushing, flotation, washing, or by other physical or mechanical processes that do not 
involve substantial chen.ical change. 


B if previous import item classification was 423.00 or 423.96, part 2, schedule 4, or 30% if 603.70, part 1, 
schedule 6 


Table 3.—U.S. imports for consumption of monazite, by country 


1981 1982 1983 1984 1985 

Quan Quan- Quan- Quan- Quan- 
Country tity Value ` “tity Value “tity Neien tity bn tity M 

(metric (metric (metric (metric (metric 
tons) sands) tona) sands) tons) sands) tons) sands) tons) sands) 
Australia 7,469 38, 158 6.600 22,830 3,726 31.395 5,010 22.156 5,694 $1,984 
Malaysia =e vo 603 240 302 122 ae ze pm KE 

South Africa, Re- 

public of 22 on CEN = i ss 51 46 Sa 24 
Total 7.469 3,158 7,208 8,070 4,028 1,517 5,661 2,202 5,694 1,984 
REO content! 4,108 XX 3,962 XX 2,215 XX 8,114 XX 3,132 XX 


*Estimated. XX Not applicable. 
Source: Bureau of the Census. REO content estimated by the Bureau of Mines. 


Table 4.—U.S. imports for consumption of rare earths, by country 


1983 1984 1985 
Count Quantity Quantity Quanti 
T (kilo value ile values (kie 7 Value 
grams) grams) grame) 
Cerium chloride 
M;C• ge, ae 701,092 $754,588 ME E 
Netherlands 227 $5,136 A à d xi one 


3 
T 


5,136 101,092 754,588 zs 


Forum compounds: 

777 CEP TTL 3,500 13,505 1,000 4,778 1,770 88.881 
Germany, Federal Republic of . 25 9,433 42 10,373 206 34.469 
DADAM Sf o ccce cep 800 1,038 201 9,226 E "T 
South Africa, Republic ot 2 791 Ae EM EC: 
Switzerland 22222 cll 2 2 670 1 266 im Due 
United Kingdom _____.__.._-_____ zS IE 5 783 10 


p 
S 
R 
S 
5 
g 
8 
g 
5 
S 


18121 
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Table 4.—U.S. imports for consumption of rare earths, by country —Continued 


1983 1984 1985 
Coun Quantity Quantity Quantity 
try tkilo- Value (kilo- Value (kilo- Value 
grams) grams) grams) 
Cerium oxide: 
AURIS os aah c A D ud Beata s 68 $674 68 $138 e mu 
Belgium- Luxembourg 18.120 6.504 E T 
France o un onde are da ee Rd 6,239 18,136 3,790 53,891 5,327 $81,670 
Germany, Federal Republic oft 2 381 12 1,457 
apai oo ee aie eo LE 835 7,692 3,357 30,522 EE lens 
Switzerland _. ------------------ 3 335 6 1,207 SC 3 
United Kingdom nn 50 536 40 21 1,707 
Total o Lou nme EE IDE 25,317 94,258 7,213 88,102 6,448 85,660 
Cerium salts: France... 1,760 6,580 ee mas 2a d 
Rare-earth oxide excluding cerium oxide: 
Austria eebe me dum x ue me 50 2,646 
Belgium-Luxembourg __ - ----------- 55 25,906 16,803 42,856 110 46,342 
Brazil Aen meal ae 54,999 575,850 bas H t BM 
Canada - -- -------------------— 100 128,611 83,815 23,264 Mem 
Chinas oou uuu e Rue 19.575 450,033 4,058 : 
France  ————— o o ee te s 206,345 9,393,632 211,555 13,880,011 170,556 11,132,432 
N Federal Republic offt 702 191.958 1.078 165 1 8 
/ ⁰⁰ç0 d E das 199,998 192,500 es Sg 
Italy ööͤöĩ;6L¹ 8 22,640 10,466 z 
»ö»é’·é uu essa ĩðv 8 10,983 585,262 14,811 1,034,997 7,814 812,783 
Korea, Republic ooh 5, 
Malaysia cee oo ee Seet 273,597 251,022 274,592 295,907 6,210 186,534 
JC; oA 8 SE aa 60,499 2,222 
Netherland a oe 23,459 513 86.872 
M nsum ee 7,128 778,743 6,168 659,184 5,996 655,382 
Switzerland LLL LLL calls 5 4,790 Ze E 818 111,800 
TAIWAN. - ³o A 500 31,184 e nem ens Sei 
US EE 12,657 1,237,136 11,984 741,512 6,506 691,201 
United Kingdom `... 31 6,1 225 28,541 197 38,133 
Total 5 uocare eee eee ee 609,317 13,670,784 935,258 17,485,495 202,861 14,386,115 
Rare-earth alloys:! 
RT TEE EN PEN 52,463 444,685 m I 
Brizil- ucc hue uid a 65,147 451,419 19,993 526,031 162,998 817,875 
grs equ ˙ . a ee ae Et EN Is 1,062 9,946 
Germany, Federal Republic of |... 9,870 143,328 11,276 100,653 17,211 167,343 
United ingdom DECEM Ec M nh NE 237 41,038 5 485 5.057 85,535 
TO] otc Se Se Sea cau eu 75,254 641,785 143,737 1,071,854 186,328 1.030.699 
Rare-earth metals including scandium and 
yttrium: 
Austria. --------------------- Se " zm 100 2,968 
// AAA RE ea Sn - 1,573 59,526 "e as 
a EE 50 1,805 Pr me 3 
, ß al one 81 12,679 Së E 1,000 76,099 
Malaysia- - ------------------- EE eS 40 644 aie Sa 
WSS Resins o y eee 300 70,500 700 164,735 2,061 183,044 
United Kingdom `... 370 97,258 2,003 394,484 24 22,642 
Total S o ce naa 8 801 182,242 4,316 619,389 3,185 284,753 
Other rare-earth metals: 
China- oc fe ue ee EE xx zu 1,000 1,181 " 
Frane EE = 135 3,979 329 9,870 
n Federal Republic of... 125 8237 77 7.514 655 15,275 
Unted Kingdom 5 359 DM ba 209 9,225 
Total uiu ũ ec uem S ela rei o 413 14,120 1,212 12,674 1,193 34,370 
Ferrocerium and other pyrophoric alloys: 
ü.... dk ais, Sei 953 13,430 937 12,875 1,000 13,240 
Braüri. eege 28,839 396,115 47,388 685,088 45,349 632,014 
„% ⁵ 54.321 576,549 72,470 695,395 66,771 641,505 
German Democratic Republic... ae: e 170 1,589 e T: 
Germany, Federal Republic of... Sie T 459 5,340 "m m 
J1!Ü;a ͤ a . 13.190 176,108 15,537 204,308 20 1,699 
Sweden 6.694 7,816 ES a EN TES 
Taiwan... 2 LLL 22222222222 91 410 A SUN AS 2n 
United Kingdom .. ----------- 608 14,288 1,167 45,965 245 13,080 
Total uerum dana eerte eas 104,696 1,185,316 138,128 1,650,560 113,385 1.301.538 


! Essentially all mischmetal. 
Source: Bureau of the Census. 
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WORLD REVIEW 


Bastnasite, the world’s principal source of 
rare earths, was mined as a primary prod- 
uct in the United States and as a byproduct 
of iron ore mining in China. Significant 
quantities of rare earths were also recov- 
ered from monazite, primarily a byproduct 
of minerals sands mined for titanium and 
zirconium minerals or tin in Australia, 
Brazil, China, India, and Malaysia. Smaller 
quantities of rare earths, especially yttri- 
um, were obtained from the yttrium-rich 
minerals sands byproduct xenotime. Xeno- 
time was mined primarily in Malaysia as a 
byproduct of processing tin ore, but was also 
produced in Australia, China, and Thailand. 

World rare-earth reserves were estimated 
by the Bureau of Mines at 45 million tons of 
contained REO, of which 19% is in market 
economy countries.* China, with 80%, had 
the largest share of world reserves. 

Australia.—Renison Goldfields an- 
nounced its bid to take over control of 
Allied Eneabba Ltd. Several offers by Reni- 
son Goldfields to gain control of Allied 
through stock purchases had occurred by 
yearend. The corporate takeover, if success- 
ful, would make Renison Goldfields the 
world’s principal minerals sands producer.’ 
Renison Goldfields reported in its annual 
report that all of its minerals sands mines 
operated at full capacity in 1985. After 52 
years of minerals sands mining on the east 
coast of Australia, Renison Goldfields closed 
its operations on North Stradbroke Island, 
Queensland, after depleting its reserves. 
Legislation by the Australian Government, 
resulting from environmental concerns, 
prevented Renison Goldfields, and other 
companies from mining on Moreton Island, 
Queensland. Moreton Island is one of the 
few remaining east coast areas with miner- 
als sands reserves. Renison Goldfields, at 
Eneabba, Western Australia, obtained a 
new transportable high-rate thickener and 
was to install a new plant circuit design to 
improve recoveries of minerals sands in- 
cluding monazite. 

Allied, in a joint venture with Asahi 
Chemical Industry Co. Ltd. of Japan, was 
studying the feasibility of building a rare- 
earth separation plant at Geraldton, West- 
ern Australia, to process monazite. Mona- 
zite concentrates produced to date have 
been exported for further processing and 
separation, with Australian companies re- 
portedly foregoing the added revenues to be 
gained through secondary refining.'® Reni- 
son Goldfields’ takeover bid was not ex- 


pected to affect the proposed Allied-Asahi 
separation plant venture. 

Consolidated Rutile Ltd. (CRL) reportedly 
began minerals sands production at the 
Gordon Lease property on the southern end 
of North Stradbroke Island, Queensland. 
The property was acquired by CRL from 
Associated Minerals Consolidated Ltd. 
(AMC), a wholly owned subsidiary of Reni- 
son Goldfields, in the first quarter of 1985. 
CRL also completed an agreement with 
AMC for the acquisition of all of AMC's 
holdings on the island." 

A new company, TiO; Corp. NL, owned by 
Griffiths Bros. Ltd. (80%) and Spunthill 
Pty. Ltd. (20%), announced plans to mine 
minerals sands deposits at Jurien Bay and 
Cooljarloo in Western Australia. These de- 
posits were previously worked by Western 
Mining Corp. in the mid-1970's. Cooljarloo's 
reserves were given as 16 million tons of 
proven and 42 million tons of probable ore 
grading 3% to 5% heavy minerals, includ- 
ing monazite. Reserves at Jurien Bay were 
listed at 25 million tons of proven and 1 
million tons of probable ore grading 6% to 
7% heavy minerals including monazite. 
Monazite comprises about 0.2% of the 
mined sand at Cooljarloo and 0.7% at Ju- 
rien Bay. Total reserves were equivalent to 
64,000 tons of REO at Cooljarloo and 100,000 
tons of REO at Jurien Bay.!“ Production 
from Cooljarloo was planned for 1988. Mon- 
azite production capacities for Cooljarloo 
and Jurien Bay were estimated at 400 tons 
(220 tons of REO equivalent) and 1,200 tons 
(660 tons of REO equivalent) per year, 
respectively. 

A joint venture was formed by Strategic 
Minerals Corp. (SMC) and Rutile & Zircon 
Mines (Newcastle) Ltd. (RZM) to explore 
and develop SMC’s heavy minerals sands 
deposits at Byfield, Queensland. Reportedly, 
RZM can earn an 80% equity in the project 
by either the expenditure of $2.05 million or 
by completing a final feasibility study lead- 
ing to a decision to mine.“ 

Bangladesh.—Reportedly, ` Bangladesh 
will spend $7 million on a &year plan to 
extract heavy minerals, including monazite, 
from the Cox's Bazaar coastal area. The 
beach sands, located 100 kilometers south- 
east of Chittagong, along the coast and on 
nearby islands, contained resources esti- 
mated at 5 million tons of heavy minerals.'* 

Brazil.—Minerals sands production at 
Cumuruxatiba in Bahia State began in 
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1985. Monazite, along with ilmenite, rutile, 
and zircon were reportedly recovered at the 
mine. Concentrates produced at Cumuruxa- 
tiba reportedly were shipped to the São 
Paulo processing plant operated by the 
state-controlled Nuclebras de Monazita e 
Associados Ltda., where rare-earth com- 
pounds were produced.'* 

Official statistics for Brazil for 1985 were 
not available, but data for previous years 
were reported in Anuário Mineral Brasi- 
leiro 1985." Production of various rare- 
earth compounds, in kilograms, was report- 
ed as follows: 


Year Carbonate Chloride Oxide 
1980 5,750 2,071,456 11,716 
1981 2.2- 5,550 1,910,100 21,605 
19822 11.500 1.882.700 54,100 
1983 |... 8,250 2.002.347 16.160 
1984 4,860 1,815,200 82,850 


Production of crude monazite ore from 
the State of Espirito Santo in 1984 was 530 
tons, compared with 915 tons in 1983, and 
was 3,635 tons from the State of Rio de 
Janeiro, compared with 5,015 tons in 1983. 

Measured reserves of monazite in Brazil 
were 13,705 tons for 1984. Estimated REO 
equivalent content based on these reserves 
was 7,500 tons. Monazite reserves were in 
the States of Espirito Santo, Parana, and 
Rio de Janeiro.'* 

Canada.—Iron Ore Co. of Canada decided 
not to develop its Strange Lake yttrium- 
beryllium-zirconium deposit northeast of 
Schefferville, Quebec. The decision was re- 
portedly based on an assessment of the 
current commodity market, in which a new 
rare-earth and yttrium recovery plant was 
planned in Canada, and companies in the 
United States were considering mine devel- 
opment and recovery of rare earths and 
yttrium from tailings. 

Highwood Resources Ltd. continued feasi- 
bility studies at its specialty metals deposit 
at Thor Lake, 80 miles southeast of Yellow- 
knife, Northwest Territories. The deposit 
contains rare earths, yttrium, and berylli- 
um. A 490-meter decline driven into the 
high-grade beryllium T-zone reportedly in- 
tersected a high-grade bastnasite zone up to 
6 meters thick. Proven reserves of 431,000 
tons of ore grading 0.2% yttrium oxide were 
reported. Samples recovered from the explo- 
ration decline were to be tested, with the 
results forming the basis for a production 
decision.!* 

Denison Mines, SM Yttrium Canada (a 
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joint venture of the Japanese companies 
Shin-Etsu Chemical, and Mitsui & Co.), and 
Unocal Canada (a subsidiary of the U.S. 
company, Unocal) formed a joint venture to 
recover yttrium and other rare earths as a 
byproduct of uranium processing at Deni- 
son's existing uranium operations at Elliot 
Lake, Ontario. The new separation plant, 
scheduled to open in late 1986, has a plan- 
ned capacity of 150 tons per year of yttrium 
oxide in concentrates. Denison reportedly 
will sell its one-third share of the output to 
its partners. Union Oil of Canada's share is 
slated to go to another Unocal subsidiary, 
Molycorp, in the United States. Molycorp 
plans to produce high-purity yttrium oxide 
from the concentrate at its Louviers, CO, 
processing plant in the United States. Shin- 
Etsu is expected to refine its part of the 
concentrate at its plant in Takefu, Fukui, 
Japan.* 

An analysis of the rare-earth content of 
the uranium leach solution at Elliott Lake 
was reported as follows.*! 


Percent 
Dae PPV 112 
fr d 
Shum RIESE ON e 8 5.5 
Uf eae s s e Aci i 2 
Gadolinium -n 8.5 
rr ðAA AE EAS 2.6 
Lanthaunmnn 2222222222222 8 
F -- Ge a i te cte Le A 
Neodymium `... 4.1 
Praseodymium `... 1.0 
Samarium 2.22222 ~~~ ~~. ee 4.5 
Terbiüm pete i a es eae Sora ee 1.2 
''Huliui . 9 
Ytterbium Lun er re ee 4.0 
ff eA reU NEC 51.4 
Total nu. ne SIL uL Ae 100.0 


China.—A third rare-earth separation 
plant was completed at Baotou, Nei Mong- 
gol Autonomous Region, in June 1985. Bao- 
tou is the site of China's largest rare-earth 
processing operation and is supplied by the 
world's largest rare-earth deposit at Bai- 
yunebo, 140 kilometers to the north. The 
new plant reportedly increased Baotou's 
production capacity for several separated 
rare-earth products, including neodymium 
oxide, the production capacity for which 
increased from 0.5 ton to 20 tons per year.” 

France.—Rhéne-Poulenc announced it 
would invest $26.7 million in its two rare- 
earth plants, one at La Rochelle, France, 
and the other at Freeport, TX, in the United 
States. The funds reportedly will be used to 
increase the existing separation and produc- 
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tion capacities, especially for neodymium 
oxide and dysprosium oxide for use in high- 
strength permanent magnets.” 

Germany, Federal Republic of.—Further 
studies of heavy minerals sands deposits at 
Cuxhaven, discovered during a drilling pro- 
gram in 1973-76, were concluded in 1985 by 
the Federal Ministry for Research and 
Technology. Reserves were estimated at 10 
million tons of heavy minerals including 
ilmenite, rutile, zircon, and possibly mona- 
zite. The fossilized beach sands deposits are 
reportedly similar to those on the east coast 
of Australia, and were deposited during the 
late Tertiary era. Additional reserves are 
thought to occur in the area, and further 
exploration was scheduled.** 

India.—Indian Rare Earths Ltd.'s dredge 
and wet concentrator plant began operation 
at the Orissa Sands Complex in Orissa. The 
dry mill was also commissioned and trial 
runs were being conducted.” Production of 
limited amounts of monazite concentrate 
associated with an initial production of 
30,000 tons of ilmenite was reported. 

Japan.—Imports of rare earths in 1985 
were reported in the Japan Metal Journal, 
as follows: 


antity 
Product eme 
Cerium fluoride 391 
Cerium oxide. 22.2 148,525 
Ferrocerium and other pyrophoric alloys _ _ 30,550 
Lanthanum oxide 188,360 
Rare-earth chloride 5,889,427 
Rare-earth metals including yttrium and 

scandium `- 4c ounce E sce 58,966 
Yttrium oxide 522,253 


Principal sources of imported compounds 
were China, France, India, and the United 
States. 

Data on Japanese consumption of rare 
earths in 1984 became available. Consump- 
tion was higher than that of 1983, and was 
reported as follows:** catalysts, 300 tons; 
cerium oxide, 2,100 tons; europium oxide, 8 
tons; lanthanum oxide, 300 tons; misch- 
metal, 290 tons; rare-earth fluoride, 50 tons; 
samarium oxide, 250 tons; yttrium oxide, 
210 tons; and other REO’s, 150 tons. 

Aimants Ugimag S.A., a subsidiary of the 
Pechiney Group of France, and Kawasaki 
Steel Corp., of Japan, formed a joint ven- 
ture to manufacture rare-earth-cobalt mag- 
nets and other permanent magnets in Ja- 
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pan. The joint venture company, Nihon 
Ugimag Corp., will reportedly use Aimants 
Ugimag's permanent magnet technology. 
The plant was scheduled for completion in 
the fall of 1987. 

Thailand.—Monazite and xenotime were 
produced as byproducts of processing miner- 
als sands for tin. Production data for 1985 
were not available; production of xenotime 
concentrates through 1984 was as follows:* 


Quantity 
Year (metric tons 
EISE oL LEE cule uU 52 
111!!! 8 45 
C ˙ AAA SOE a Ore 46 
e 38 
1984 EE 22 


U.S.S.R.—A pilot plant for the recovery of 
precious metals and rare earths from sea- 
water coolant was reportedly operating at a 
thermal powerplant in the eastern Soviet 
Union. Only small amounts of the metals 
were recovered, but the high value of the 
precious metals and some of the rare earths 
reportedly could make the plant economi- 
cal. 

Venezuela. Preliminary geological stud- 
ies reportedly delineated economic concen- 
trations of rare earths and niobium at Cerro 
Impacto, 120 miles southwest of Ciudad 
Bolivar, Bolivar State. Intense weather- 
ing, resulting from the region's tropical 
climate, has leached the original carbona- 
tite source rock to produce thick lateritic 
beds with enrichment of rare earths and 
other elements. Rare-earth contents rang- 
ing from 0.1% to 11% were reported. Fur- 
ther investigation of the Cerro Impacto 
deposit was planned. 

aire.—Several tin and gold deposits in 
the Kivu Region reportedly contain mona- 
zite. Reserves of monazite in the Obaye 
mining sector, under the jurisdiction of the 
Zairian mining company Société Minière et 
Industrielle de Kivu, occur in two separate 
deposits. The Kabengelwa deposit contains 
2,100 tons of monazite (600 tons of REO 
equivalent) in ore grading 2.8 kilograms of 
heavy minerals sands per cubic meter. The 
Mashabuto deposit was reported to contain 
45 tons of monazite (25 tons of REO equiva- 
lent) in ore grading 3 kilograms of heavy 
minerals sands per cubic meter. 
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Table 5.—Monazite concentrate: World production, by country' 


(Metric tons) 
Country? 1981 1982 1983 1984P 1985° 

/ EE 13,282 9,562 15,141 16,702 15.000 
p dd 12,460 11.814 5.256 3.622 6.000 
hh ou Le en c Deis ee ee 43,704 4,000 4,000 4,000 4,000 
leegent ee sta ⁵ ue E 8 320 546 1,051 4,451 6,000 
Mozambique 4 3 4 *4 4 
SriLanka- sou ue d reuse ⁰⁰ LI t E 60 304 *300 147 200 
Thailand um cd ³ow EE ee 107 162 211 298 250 
United States __----------------------------- W W W W 
// ⁰»à.]; mmm. 8 35 32 15 2 MS 

rr ³⁰ A c Ec 119,972 16,423 26,044 29,226 31,454 


Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data; not included in 


“Total.” 
Table includes data available through Apr. 29, 1986. 


?In addition to the countries listed, China, Indonesia, North Korea, the Republic of Korea, Nigeria, and the U.S.S.R. 
may produce monazite, but output, if any, is not reported quantitatively, and available general information is inadequate 


for formulation of reliable estimates of output levels. 
Pata are for years beginning Apr. | of that stated. 
*Reported figure. 


The 1981-83 figures are exports and the 1984-85 figures are production. 


TECHNOLOGY 


Researchers in China developed an im- 
proved hot-pressed silicon nitride (HPSN) 
ceramic with rare-earth additives that re- 
portedly has high bend-strength and high 
fracture-toughness at elevated tempera- 
tures. Using rare-earth oxides as sintering 
aids, bend strengths of 800 to 900 megapas- 
cals were maintained up to 1,300* C. At 
1,400* C, the ceramic's bend strength was 
680 megapascals, reportedly one of the high- 
est values obtained to date. The rare-earth- 
containing HPSN ceramic was said to repre- 
sent a major advancement in ceramic mate- 
rial for use in high-temperature appli- 
cations, such as internal combustion 
engines.“ 

Kubota and Japan's Agency of Industrial 
Science & Technology developed an improv- 
ed silicon nitride ceramic, which reportedly 
was stronger at 1,000“ C than at room 
temperature. Rare earth oxides, including 
praseodymium and lanthanum, were listed 
as sintering additives. 

Rare-earth metals (REM) in continuously 
cast steels were reportedly responsible for 
improved ductility, weldability, fatigue re- 
sistance, and resistance to hydrogen dam- 
age. REM’s, which are strong deoxidizers, 
were reportedly useful because they can be 
added to and retained in steel in any desired 
quantity, providing desulfurization and con- 
trol of sulfide inclusions. Inclusions result- 
ing from this shape control were beneficial 
in providing nuclei during solidification to 


promote fine-grained, as-cast structures. In 
addition to the refinement of as-cast struc- 
tures, the rare earths reduced segregation 
and increased hot ductility at temperatures 
just below solidification.” 

A high-temperature materials laboratory 
for research on advanced alloys and ceramic 
materials, including those containing rare 
earths, was under construction at Oak 
Ridge National Laboratory, Oak Ridge, TN, 
and was scheduled for completion in 1987. 
The laboratory's work was expected to be 
directed toward the development of improv- 
ed alloys and nonbrittle ceramics that can 
withstand high temperatures and be suit- 
able for use in gasoline and diesel engines, 
turbine blades, and other energy appli- 
cations.** 

A metal-vapor vacuum-arc ion source, 
developed by scientists at the University of 
California's Lawrence Berkeley Laboratory, 
produces heavy ions from a direct current 
arc generated between two high-melting- 
point electrodes, such as lanthanum. In the 
process, metal is vaporized and ionized at 
small regions of extremely intense current 
concentration, called cathode spots, on the 
negative electrode. A dense quasi-neutral 
plasma of cathode material is generated 
that diffuses away from the cathode in a 
plume from which a magnetically confined 
beam of ions is derived.** 

A system for producing long pulses of ions 
from an arc discharge plasma and acceler- 
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ating them through a series of grids that 
prevent backstreaming of electrons into the 
plasma chamber was developed using 
samarium-cobalt permanent magnets. The 
rare-earth-cobalt permanent magnets were 
used to confine the plasma, which gener- 
ated up to 8.4 megawatts of power for 
pulsed lengths of 30 seconds. Developed by 
researchers at Lawrence Berkeley Labora- 
tory, the device was expected to be installed 
at three major U.S. fusion research centers 
to serve as the primary energy source for 
heating reactor plasmas.** 

A frequency-doubled 532-nanometer neo- 
dymium-yttrium-aluminum garnet (Nd: 
YAG) laser with a green beam was approv- 
ed for medical use by the Food and Drug 
Administration. The new laser system was 
reportedly well received by the medical 
community and was being studied for appli- 
cations in dermatology and plastic surgery, 
gynecology, neurosurgery, ophthalmology, 
otolaryngology, urology, and other applica- 
tions. The green Nd:YAG laser’s benefits 
are its generation of visible light; greater 
electrical efficiency than an argon laser, 
which emits near the same wavelength; a 
replaceable arc lamp that costs less than 
the corresponding large argon laser tube; 
the unique ability to display the laser ener- 
gy being delivered to the patient and being 
measured at the end of the delivery device; 
an automatic calibration feature that al- 
lows the system to remain stable through 
an entire day's surgery; and the use of 
currently available optic fibers and probes. 
In clinical trials, the Nd:YAG laser system 
showed ease of control, good cutting, coagu- 
lating, and vaporizing properties, and less 
thermal damage than carbon dioxide or 
1064-nanometer Nd:YAG lasers.? 

Rare earths were used by researchers at 
Los Alamos National Laboratory in New 
Mexico to develop a cryogenic magnetic 
refrigerator. Applying the magneto-caloric 
effect (MCE), where materials held in a 
magnetic field cool down when the field is 
removed, gadolinium and gadolinium alloys 
were cooled from -423° F down to -452° F, 
using helium gas as the heat transfer fluid. 
Using fewer moving parts, magnetic refrig- 
erators reportedly are two to four times 
more energy efficient than conventional 
refrigeration equipment. Future applica- 
tions of MCE refrigeration could be in 
residential heat pumps, low-cost production 
of liquefied hydrogen, and energy storage 
devices.?* 
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Rare earths were used to trace pollutants 
back to oil refineries. Highly-temperature- 
stable rare-earth-containing zeolites, used 
as fluid cracking catalysts (fcc) in the refin- 
ing of oil, resist chemical transformation in 
the refining process and produce a recogniz- 
able pollutant signature in emissions. The 
distinctive ratio of rare-earth elements used 
in the fcc’s reportedly permits identification 
of air masses originating from areas that 
have a high density of oil refineries.** 

Researchers at Battelle Memorial Insti- 
tute developed a low-cost method to produce 
zirconia powders, including those stabilized 
by yttrium oxide (yttria), by a hydrothermal 
process that eliminates the need for calcina- 
tion. Battelle further developed the process 
to prepare powders with a narrow particle 
size distribution and particles down to 0.1 
micrometer in diameter, with minimal ag- 
glomeration. Yttria-stabilized zirconia pow- 
der was produced that showed uniform 
distribution of yttria, which eliminated the 
need for diffusion, through calcination and 
sintering, to achieve homogeneity. The sta- 
bilized powder may be useful in advanced 
combustion engines because of its excellent 
wear resistance, fracture toughness, and 
mechanical strength.“ 

A composite insulation material contain- 
ing yttria- or calcia-stabilized zirconia fibers 
was developed at the Oak Ridge National 
Laboratory. The composite insulation repor- 
tedly extends the operating temperature of 
metal-melting, oxide-fiber-lined furnaces 
from 1,700° C to 2,000° C. The yttria or 
calcia stabilizers allow tiny cracks to form 
in the zirconia fiber structures to release 
thermal stress.*! 

A research center was set up in Chang- 
sah, Hunan Province, China, to study fur- 
ther the use of rare earths in agriculture.” 
According to researchers in China, the addi- 
tion of rare earths to the soil improves crop 
yields and raises the sugar content of cer- 
tain vegetables. À pioneer in the develop- 
ment of rare earths for use in agriculture, 
China is expected to remain in the forefront 
of this technology as a result of its abundant 
reserves and low-cost production. 

General Motors reported increased mag- 
netic strengths in its neodymium-iron-boron 
(Nd-Fe-B) family of permanent magnets 
using a new process. The process strength- 
ens the magnet by controlling heat and 
pressure to the die containing the jet-casted 
Nd-Fe-B alloy, so that the heat-softened 
ribbon of alloy can flow in a direction trans- 
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verse to the pressing direction.“ The new 
anisotropic permanent magnet material has 
magnetic strengths (BHmax) from 20 to 40 
megagauss-oersteds. 

Solid ionic-conducting trivalent beta 
aluminas containing rare-earth ions were 


studied for potential applications in optics, 


phosphors, and lasers, because they can 
serve as single-crystal or powder hosts. 
Solid ionic conductors, in which electrical 
conductivity is the result of ion movement, 
not electron movement, provide a greater 
density of electrical energy than aqueous 
solutions, with as high ionic diffusion rates. 
A solid-state laser system using trivalent 
neodymium beta alumina was developed in 
1984, while ionic phosphors incorporating 
europium and terbium were reportedly un- 
der development. Currently, ion conductor 
technology is applied in oxygen sensors in 
automobiles where yttria-stabilized zirconia 
measures the partial pressure of oxygen in 
exhaust gases.“ 

Two Canadian physicians used erbium to 
filter ineffective but hazardous low-energy 
X-rays out of X-ray beams used in medical 
diagnosis. The erbium was reportedly used 
in foil filters and other shields to minimize 
X-ray exposure during fluoroscopy.“ 


1Physical scientist, Division of Nonferrous Metals. 

*American Metal Market. Need gum Alloy Magnets 
Slated for GM Starters. V. 93, No. 183, Sept. 23, 1985, p. 19. 

Me Neil, E. J. M & M Minerals Inc., president. Personal 
communication. 

Renison Goldfields Consolidated Ltd. Annual Report 
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Salt 


By Dennis S. Kostick? 


Increased production and sales of rock 
salt and solar salt failed to offset the de- 
crease in vacuum pan and open pan salt 
production and in salt brine production and 
use. This resulted in an overall decrease in 
total salt production and sales in 1985 
compared with the levels recorded in 1984, 
which had been the best year for salt sales 
since 1980. 

Apperent consumption of salt declined 
8% primarily because of the decrease in salt 
consumption by certain sectors of the chem- 
ical industry that used salt as a feedstock. 
Salt sales reportedly increased for salt used 
as an ice control for highway deicing, for 
general industrial purposes, and in food 


processing. Although salt exports increased 
10%, imports for consumption of salt 
decreased 18%. 

Domestic Data Coverage.—Domestic pro- 
duction data for salt are developed by the 
Bureau of Mines from two voluntary sur- 
veys of U.S. operations. Typical of the sur- 
veys is the salt company survey. Of the 68 
operations to which a survey request was 
sent, 60 responded, representing 98% of the 
total production shown in table 1. Produc- 
tion for the eight nonrespondents was esti- 
mated using reported 1984 production levels 
adjusted by trends in employment and oth- 
er guidelines. Two producers reported no 
production. 


Table 1.—Salient salt statistics 
(Thousand short tons and thousand dollars) 
1981 1982 1983 1984 1985 
United States: 
Prod QUIE ON NE NOE E ĩ 88,899 87,665 82,973 89,181 87,904 
Sold or used by producer 88,907 31,894 84,573 ,225 89,484 
Value. - - ---------------- ĩðͤ ,568 $671,424 $597,081 $675,099 $741,799 
De to Ee a a NE 8 1,046 1,001 517 820 904 
Valus- un EI iue ed $11,429 $16,647 $12,968 $15,299 $15,988 
Imports for consumption ~ - - - ------------- 4,319 5,451 5,997 7,545 6,207 
Values 8 $44,523 $56,184 $60,194 $74,100 $65,593 
Consum apparentd 42,180 40,053 45,950 44,787 
ee ee ee 188.958 180,320 175,434 P188,699 187,698 
"Estimated. i "Revised. 
1Excludes Puerto Rico. 
Sold or used plus imports minus exports. 
DOMESTIC PRODUCTION 


The total quantities of all types of salt 
produced by domestic producers decreased 
3%. The amount sold or used remained 
virtually the same. In 1985, 39 companies 
operated 68 salt-producing plants in 14 
States. Nine of the companies and 11 of the 


plants produced more than 1 million tons 
each, accounting for 80% and 63%, respec- 
tively, of the U.S. total. Many individual 
companies and plants produced more than 
one type of salt. By type of salt, the number 
of companies and operations, respectively, 
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were solar, 11 and 14; vacuum pans and 
open pans, 8 and 18; rock, 11 and 15; and 
brine, 24 and 33. 

The seven leading States in quantity of 
salt sold or used were Louisiana, 31%; 
Texas, 21%; New York, 18%; Ohio, 12%; 
Kansas, 5%; Utah and Michigan, about 3% 
each. A significant quantity of the salt 
produced in Alabama, Louisiana, New 
York, Texas, and West Virginia was pro- 
duced as brine, of which the majority was 
captively consumed to manufacture chlo- 
rine, caustic soda, and soda ash. Although 
the quantity of salt brine used to manufac- 
ture chloralkalis decreased 9%, rock salt 
sales to the chloralkali industry increased 
13%. 

The percentage of salt sold or used by 
domestic producers, by type, was as follows: 


1984 1985 
Salt in bri ne 50 46 
ined rock `... 194 
Vacuum pan salt and grainer or 
open pan salt 9 10 
Solar evaporated aalt "1 1 
TOU] nera Eno 100 100 
"Revised. 


International Salt Co. Inc. sold its Detroit 
salt mine in March to Crystal Mines Inc. 
Crystal Mines resumed public tours of the 
73-year-old, 1,200-foot-deep mine but plan- 
ned to convert it to a hazardous waste 
storage facility by 1987.2 To encourage tour- 
ism and discourage possible hazardous 
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waste pollution, local officials passed an 
ordinance regulating what could be stored 
in mines down to 200 feet below the Earth's 
surface.? 

In April, Diamond Crystal Salt Co. ac- 
quired Hardy Salt Co., which had a vacuum 
pan operation in Michigan and a vacuum 
pan and brine facility in North Dakota. 
Morton Thiokol Inc. announced plans to 
increase rock salt production capacity by 
250,000 tons at its Weeks Island, LA, oper- 
ation. This expansion would partially offset 
the rock salt production capacity lost in 
Louisiana because of mine closures and 
accidents during the past several years. 
Cargill Inc. intentionally flooded its Belle 
Isle, LA, rock salt mine in November to 
eliminate the potential for roof collapse 
resulting from unsafe mining conditions, 
which had been the reason cited for the 
closure of the mine in 1984. 

In September, FMC Corp. permanently 
closed its Bens Run, WV, chlorine and 
caustic soda facility, which included a salt 
brine operation. High energy costs and 
equipment obsolescence were cited as the 
reasons for the decision. The plant had been 
in continuous operation since 1915.* 

A second chloralkali and salt brine facili- 
ty was closed at yearend. Pennwalt Corp. in 
Wyandotte, MI, shut down its 100,000-ton- 
per-year plant as part of a major financial 
restructuring effort by the company.* The 
company planned to continue operation of 
its two other chloralkali plants in Oregon 
and Washington, which primarily used im- 
ported salt from Mexico as feedstock. 
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Table 2.—Salt production in the United States 


(Thousand short tons) 
Vacuum 
Year ve? Solar Rock Brine Total 
open pans 
|o tcx 2,398 11,871 20,835 88,899 
Dp Mm MIO PEUT 8,721 2,845 18,264 1 87,665 
LEE ³ð ge See oe S 2,058 9,449 17,774 973 
ip. eo ae, UR ees ee ie aN ea NS 629 2,705 18,653 19,195 199,181 
lee 8,618 2,134 18,819 17,138 : 


Data do not add to total shown because of independent rounding. 


Table 3.—Salt produced in the United States, by product form and type 


(Thousand short tons) 
Vacuum 
Product form | d Bolar Rock Brine Total 
open pans 
1984 
PUE "cH Ji by dir Ios mE WH 
r 1.820 466 548 XX 2,834 
Pressed blocks ____________.______-____- 809 238 13 XX 615 
Total! cu DI ³ðVLĩ ea 3,629 2.105 18,658 19,195 $9,181 
1985 
Bulla che iti eee a ete ee aa 666 2,006 18,226 17,788 88,636 
Compressed pellets ._——------------------ 818 60 XX XX 878 
J 86 1.829 481 524 XX 2,790 
Pressed block 299 231 69 xx 599 
LEE 3,618 2,734 18,819 17.788 87,904 


XX Not applicable. 
Data may not add to totals shown because of independent rounding. 
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Table 5.—Salt sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 
1984 1985 
State : 
Quantity Value Quantity Value 
TE 1,712 1,558 1,790 71,970 
Louisiani ↄ ⅛ ·⁰ꝛ ; TT CD ee meee eee 13.101 112.142 12.325 188.955 
Mell ³ðVO ³ AAA wets 1.491 93,860 991 75,030 
New York oo centem me aiu eee eee a eee eee 5,644 123,755 6,928 142,318 
Hoc Ae Re ED Mo NH EE CEPS NSU M Raa CT ea W W 4,783 143,949 
TéXAS ENEE 8,184 69,672 890 80,434 
C hs aN a et eee Sa A 1,246 28,651 1,189 28,468 
West Virginia zu ˙ ./ ³o¹ä q 1.004 W 895 W 
a PRAET REM POI M ⁵ 6,844 175,461 2,193 60,675 
TOR. erin co oe et es i eater cet 8 339 225 675,099 89,484 741,799 
Puerto Roo ee ete eee eee eee 30 630 35 735 


*Estimated. W Withheld to avoid disclosing company proprietary data; included with “Other.” 
Quantity and value of brine included with Other. 


Includes Alabama, California, Kansas (brine only), Nevada, New Mexico, North Dakota, Oklahoma, and data 
indicated by symbol W. 


Data do not add to total shown because of independent rounding. 


Table 6.—Evaporated sait sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 


1984 1985 
State - - 
Quantity Value Quantity Value 
%%//ͤ ehr ee 906 62,505 876 61,986 
LOUIS ANG cc oue c Seno Rik A 8 203 18,510 205 18,612 
NI: ⅛ĩðV0u 960 88.048 834 72.349 
New YOFR ce duos eme elo ot oe Seem 661 60,631 1,073 64,510 
Utah. Fp ea ta ces tet eee MI PE 1,173 27,752 1,129 27,314 
e oe ee eg y ee D En et 2,306 129,789 2,733 152,601 
F... ee ebe ee 6,209 2387 234 6,850 897,372 

Puerto eee 30 630 35 135 

*Estimated. 

Includes California, New Mexico, North Dakota, Ohio, Oklahoma, and Texas. 

Data do not add to total shown because of independent rounding. 

CONSUMPTION AND USES 


Apparent consumption of all types of salt 
decreased 3% or about 1.2 million tons. Salt 
sales for highway deicing, general industri- 
al purposes, and food processing were high- 
er in 1985. The chemical industry, which 
traditionally has been the largest end-use 
market, required less salt for feedstock in 
1985 than in previous years. Production of 
chlorine gas, sodium hydroxide, and metal- 
lic sodium, as reported by the Bureau of the 
Census, was as follows, in thousand short 
tons: 


In October, the Wisconsin State Senate 
passed a bill that restricted the amount of 
salt used on streets and highways within 
the State. The legislation stipulated that no 
more than 300 pounds of salt would be used 
per lane mile per application, and the salt 
was to be applied only when the tempera- 
ture was 10* F and above. The bill was in 
response to public concern about expensive 
damage to roads and bridges from salt 
corrosion and the effect of salt in public 
water supplies.“ These factors were also 
cited by a Michigan State senator who 
requested a study on whether alternative 


T 
8 compounds could be used for winter road 
Chlorine gas (100%) 5 10,700 10,465 deicing instead of rock salt.“ 
um hydroxide, liquid (100%) _._— 914 ; 211. ` 
a lium, 8 95 65 Of the 6.2 million tons of salt imports, 


approximately 2.6 million tons was directly 
imported and distributed by the domestic 
salt producers. The reported percent distri- 
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Table 8.—Distribution of Kat and imported evaporated and rock salt' in the 


nited States, by destination 
(Thousand short tons) 
1984 1985 
Evaporated Evaporated 
Destination Vacuum Vacuum 
Rock Rock 
pans pans 
open pans open pans 

Alabama rer kg SN 49 W 705 47 (!) 511 
FS n eee %⅛˙ E epo .... e VARI (*) 22 de (*) 6 Bn 
Arizona mm POS r$ ae ee 5 46 8 6 15 6 
ABRE LL. c lockt A A 29 (*) 81 29 (*) 97 
California — . 136 795 7 145 1,026 1 
Colorado bas ace oe Ga a. ata 18 124 70 19 122 44 
Connection’: ur = oa o 11 23 204 15 W 212 
Delaware PETTER eee E 3 177 ^ 3 152 9 
District of Columbia ——— 1 4 1 1 e Ww 
10.0 A ae ae DING Y 77 55 37 82 wW 34 
Georgia as o 64 22 85 59 W 85 
P CEN 2 (!) W W W (*) 
Idaho Np 5 15 5 6 15 MI 
Illinois A A IE RNEER 351 51 1,595 425 45 1,200 
Indiana "Pe KS e 2 — 152 22 856 173 19 872 
owa = 167 43 341 177 25 291 
Kansas . red ds etm afar ag 95 ll 260 98 11 331 
. ETA etr aiat cete tiim 35 (*) 428 42 (*) 489 
Louisiana - Kä 22 56 Ww 365 71 3 67 
Maine . KC 7 12 219 7 W 115 
Maryland e : 43 229 142 52 wW 70 
Massachusetts * 35 74 442 33 W 536 
Michigan Se E Ee Ee, 221 26 1,371 7 16 1,225 
BEEN. LL ⁰ WAA 2 i 148 95 439 165 58 346 
"TT Leg, I et uli 23 W 125 23 8 123 
% ke T2 103 17 434 118 17 463 
Montana ? a 4 39 5 8 27 A 
` V E 89 27 115 81 28 144 
Nevada — å 22 DS, l 167 ^ Ww 166 Ww 
New Hampshire p = 2 6 86 W (*) A 
New Jersey x — tate Eme 124 131 291 130 31 212 
A caa Idam ge aco omn z H 124 2 hi 127 2 
New York : A 25d 242 63 2,304 245 Ww 2316 
North Carolina _ 8 x . 123 78 86 144 Y 46 
North Dakota > E zd 45 37 3 82 34 2 
e = 309 11 1,760 321 15 2,368 
„ esit alieni in ai 9 55 9 Ti 47 10 89 
Oregon "ev e ge *34 33 wW 11 91 ES 
TTT 162 100 71,191 170 30 1,175 
Rhode Island — SE =< 5 43 39 5 1 d 
South Carolina R geg 34 "17 14 38 Ww i3 
South Dakota 5» Wi 42 34 42 42 31 38 
Tennessee s Zeg 63 () 547 64 (*) 778 
C ͥ0ͥ5·¹⁴iñ ᷣ Sess > 154 177 265 162 89 204 
C AA G- 4 368 39 W 367 Ww 
Vermont == EE d es ga er 5 l 204 5 Ww 164 
Virginia `... z 62 103 105 66 Ww 79 
Washington s Ras ESCH SE 18 517 W W 636 = 
West Virginia "id 16 d 138 15 (*) 214 
Wisconsin 2 da xad SE ee SE 215 35 917 299 30 320 
Wyoming se pro ere (7) 33 (*) (!) 30 (*) 
Other T SS - — 132 124 r335 56 376 199 

Totals ee d bos Dni 3 661 14, 105 116,798 4.052 3.709 “15,685 


"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Less than 1/2 unit. 

*Includes shipmenta to overseas areas administered 
unspecified destinations, and shipments to States indica 

Data may differ from totals shown in tables 1, 4, 4 
incomplete data reporting. 


Ete uc DTI. 


and 7 because of imports, changes in inventory, and/or 


*Data do not add to total shown because of independent rounding. 


bution of salt by major end use in 1985 was 
chemicals, 47%; ice control, 27%; distribu- 
tors, 8%; industrial, 5%; food and agricul- 
tural, 3% each; water treatment, 2%; and 
other, 5%. In table 7, specific sectors of 
distribution, such as agricultural and water 


conditioning, can be combined with the 
primary agricultural and water treatment 
categories for a complete end-use analysis. 
The use of salt in ion exchange water 
softening units was investigated as part of a 
study linking water softness with cardiovas- 


SALT 


cular disease. Researchers at the Health 
Effects and Epidemiology Section of the 
Oak Ridge National Laboratory concluded 
that people who drank naturally soft water 
containing low concentrations of calcium 
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and magnesium—two elements that largely 
gauge water hardness—had a greater risk 
of contracting heart disease. However, arti- 
ficially softened water using salt apparently 
does not contribute to the risk. 


STOCKS AND PURCHASES 


Total yearend stocks reported by produc- 
ers decreased from 2.7 million tons in 1984 
to 2.5 million tons in 1985. Most of these 
stocks were rock salt and solar salt. An 
unknown quantity of salt for road and 
highway deicing was usually stored in antic- 
ipation of adverse winter conditions by 


many States, municipalities, distributors, 
and road deicing contractors. 

Intraindustry salt purchases of salt 
amounted to 3.1 million tons, of which 39% 
was rock salt; brine, 34%; solar, 23%; and 
vacuum pans and open pans, 4%. 


PRICES 


Price quotations are not synonymous 
with average values reported to the Bureau 
of Mines. The quotations do not necessarily 
represent prices at which transactions actu- 
ally occurred, nor do they represent bid and 


asked prices. They are quoted here to serve 
only as a reference to yearend price levels. 
The following yearend salt prices were 
quoted in Chemical Marketing Reporter:* 


Salt, evaporated, common, 80-pound bags, car- 


lots or truckloads, North, works, 80 pounds 
Salt, chemical-grade, same basis, 80 pounds. — 
Salt, rock, medium coarse, same basis, 


80 pounds 


Bulk, same basis, per ton 


Table 9 represents the average values of f. o.b. works, based on actual sales by pro- 
different types and product forms of salt, ducers. 


Table 9.—Average values! of salt, by product form and type 


(Dollars per short ton) 
Vacuum 
Product form ad Solar Rock Brine 
open pans 

1984 
FJ ³ðWA—Au. A auci es Ti 42.89 12.52 11.97 5.05 
Compressed pellets -__ ------------------------- 98.40 66.92 XX XX 
Packaged . -2 107.97 42.10 52.38 XX 
Average? =) ee a noi uel et De 92.78 19.67 13.78 5.05 
Pressed blockõ ___ _____ _-__ ee 15.10 43.06 80.24 XX 

1985 
Bülk -G ceo cu ILL 8 41.14 14.31 14.51 6.53 
Compreesed pellets... - - - -----—------------———— 92.11 69.72 XX XX 
Packaged t 94.15 44.52 50.00 XX 
Average’ ENEE 83.68 20.28 16.08 6.53 
Pressed blocks. -_______________________ Le 59.00 43.50 70.63 XX 


XX Not applicable. 


Net selling value, f.o.b. plant, excluding container costs. 
Salt value data previously reported were an aggregate value per ton of bulk, compressed pellets, and 


ckaged salt. 


For time series continuity, an average of these three types of product forms is presented, which is based on the aggregated 
values and quantities of the product form for each type of salt shown in table 4. 
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FOREIGN TRADE 


The United States imported nearly seven 
times the amount of salt it exported. Ex- 
ports of salt to Canada represented about 
98% of the total U.S. export market; the 
balance was distributed to 47 other coun- 
tries. 

Approximately 99% of total salt imports 
was bulk rock salt and solar salt. The 
Bahamas, Canada, and Mexico supplied 
78% of the total imports. Imports of salt in 
bags, sacks, barrels, and brine, primarily 
from Canada, the Republic of Korea, and 
Mexico, represented the remainder. 

In response to a petition filed by Interna- 


tional Salt, the International Trade Admin- 
istration of the U.S. Department of Com- 
merce preliminarily determined that Cana- 
dian rock salt was being sold in the United 
States at less than fair value, thereby mate- 
rially injuring domestic rock salt producers. 
Domtar Inc. and Morton Thiokol, the par- 
ent company of Canadian Salt Co., account- 
ed for as much as 70% of the U.S. imports 
from Canada. The case was submitted to the 
U.S. International Trade Commission for a 
final determination by the end of January 
1986.0 


Table 10.—Salt shipped to the Commonwealth of Puerto Rico and the Virgin Islands 


Puerto Rico 


—— em mee —— ie ie ee — mm o 


Source: Annual FT800 U.S. Trade with Puerto Rico and U.S. Possessions, Bureau of the Census. 


Table 11.—U.S. exports of salt, by country 
(Thousand short tons and thousand dollars) 


Iraq 
Malaysia 
Mexico 


South Africa, Republic of 
Trinidad and Tobago 
United Arab Emirates 
United Kingdom 
Venezuela 
Other 


1Less than 1/2 unit. 


Saudi Arabia 


mee ia iw —— e mm — vm 


1984 1985 
Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
be E Ve 22,990 $5,196 
1984 1985 
Quantity Value Quantity Value 
TE (?) 25 WM L 
Dei 235 
E 192 11,534 883 12,313 
— NM 27 (È) 4 
SN 3 46 1 85 
a (2) 21 () 21 
PT (!) 8 -- AE: 
E Ke Ke 1 190 
PUR (3) 1 Go As 
ML 7 382 5 302 
SES 1 98 (3 105 
E 10 1,970 9 1.930 
EN 0) 1 (°) 16 
MT (*) 66 (*) 17 
ae (?) 49 (?) 
ale 1 152 216 
s (1) 10 0) 2 
PEN 4 619 694 
"E 820 15,299 904 15.968 


Source: Bureau of the Census as adjusted by the Bureau of Mines. 
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Table 12.—U.S. imports for consumption of salt 
(Thousand short tons and thousand dollars) ` 


Yeer eae (dutiable) 


3 rer rien ids ch Münte mingion, NG. de e 100 oird GARO) eed roms the 
, y; from customs 

nited Kingdom through W E ATE 00 pounds ($2,182. 

includes I bin eee Buffalo, NY, customs district, 400 pounds ($610); from Mexico 
Laredo, TX, customs district, 18 short tons ($1,126); from Denmark through Cleveland, OH, customs district, 100 

eet from he United ra eg Pr i éier rr MD, customs district, 100 pounde ($1,209), from Ireland 
8 district, 15 short tons ($300); and from Japan through Sea ttle, WA, customs district, 1,900 


*Includes salt brine from Iceland, the United om: and Hong Kong through New Fore, NY, customs district, 500 

pounds ($040 from Norway and tha Federal Repub of Germany through Chicago, IL, customs district, 110 short tons 

; y from Denmark through Detroit, MI, customs distri, Z3 short tons (S191); and from Japan throigh Charleston, 

customs district, 110 pounds ($527) 

Includes salt brine from Spain through New York, NY, customs district, 1,987 short tons ($27,620); from Denmark 
Cleveland, OH, customs district, 935 short tons ($76,714), from Japan thro Charleston, SC, customs district, 

691 tons ($4,620), from Switzerland through Chicago, IL, customs district, 28 short tons ($2,533), and from the 

Federal Republic of Germany through Washington, DC, customs district, an undisclosed quantity valued at $5,444. 


Source: Bureau of the Census as adjusted by the Bureau of Mines. 


Table 13.—U.S. imports for consumption of salt, by country 
(Thousand short tons and thousand dollars) 


1984 1985 
wy Quantity Value Quantity Value 
Bahamas `- -------------------- Ste Se 902 9,163 952 10,301 
„„ ß e 304 2,567 
Canada! ol ee ee aie ere = a eee 3,279 27,511 2,670 21,916 
pe 479 4, 
k0öõũͤũͥũ EE 114 896 199 1,967 
Germany, Federal Republic of... 1 10 2 135 
Hag ou su a ce x M 55 430 
7ôöĩÜö⁵é ?« ę ᷑ m 8 1.519 22.194 1,230 18,657 
Netherlands 2,535 90 2,149 
Netherlands Antilles 275 2,527 191 
))) y SRM MM 418 1,508 402 8,188 
JJ east a DNA Eti Ri uA ME DE 16 67 1 
TOW cocer ens Mente ei 7,545 74.100 6,207 65,593 


"Includes salt in sacks, and barrels thro h 10 custome districte, 27,780 short tons ($1,716,060) in 1984; and 11 

Customs districts, 40, Geteste 497) in 1 
udes salt in sacks, and barrels a four customs districts, 567 short tons ($13,263) in 1984; and four 

Customs districta, 128 ee iae: 

red ode yy deri d barrels through five customs districts, 562 short tons ($67,446) in 1984; and four 

tons ($120, 114) in 1985. 

Includes salt i salt de bags, sacks, and barrels through two customs districts, 1 short ton ($5,160) in 1985. 

“Includes salt in sacks, and barrels th three customs districts, 29,218 tons ($306,502) in 1984; and three 

s districts, 14,762 short tons ($148,417) in 19 

. Includes salt in sacks, and barrels through one customs district, 3 short tons, ($3,933) in 1984; and one customs 

A 22 short tons ($145,725) in 1985. 

Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census as adjusted by the Bureau of Mines. 
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Table 14.—U.S. imports for consumption of salt, by customs district 
(Thousand short tons and thousand dollars) 


1984 1985 
Quantity Value Quantity Value 
Anchorage ⏑ ĩ· l2sllll22c52ccL20l59.22222 (1) 86 17 272 
Baltimore, WWWbb· -=-= 573 2,587 413 8,686 
n MA. cmi Ur c Lu ĩð—-. 167 1,167 18 1,825 
Buffalo NY xs oe . ee or ek 66 552 1 67 
Chi ee ee ee eee ee 781 5,938 590 4,070 
Cleveland, o““““““““nn:: 222 cL L2 2222-2 25 298 92 121 
( ↄ˙mV muc memet Aii De Les 921 9,219 991 9,766 
Duluth MN . ee te d e 155 1,433 114 887 
Los |". CA in oe UM CEU ERE a 121 2,178 127 1,082 
Milwaukee, WI e A A A ~~ ee 616 4,386 706 8,343 
New Orleans, LIůãIiIñJl l «„4é«4é«„ „„ 287 1.865 148 1,593 
New York, NY. ³¹Ü¹¹ĩ i m nt meme ee 645 6,760 404 6,234 
Nrn. ] ee AAA eee ee s yt HS 8 
SÉ La EE 182 2,567 216 2,505 
nena Y 7b LAE c EDS PN 571 §,378 461 8,787 
Portland: d ee ee we oe ke 589 1,648 6065 7,049 
Providence. aͥliuinnxAʒuuxnnasnsssss 94 969 13 629 
St. Albans, ve {m 15 841 6 142 
San Juan, PR ~- 7 189 10 269 
Savannah, GA . ---------- =-=- 467 4,559 400 3,398 
E oe E WW 5 
ampa, FL- ð³ ˙].. ye y y ee ee 
Wilmington, P!!! ß 165 2,779 207 $8,201 
Os e . a Oat 268 4. 2 176 
. ³ðVAß 7,545 74,100 6,207 265.593 
lLess than 1/2 unit. 


Data do not add to total shown because of independent rounding. 
Source: Bureau of the Census as adjusted by the Bureau of Mines. 


WORLD REVIEW 


Canada.—Seleine Mines Inc, wholly 
owned by Société Québécoise d'Exploration 
Miniére (SOQUEM), which is the Quebec 
government's mining company, sought a 
partner to assume a 40% interest or to buy 
its rock salt mine on the St. Magdalen 
Islands in the Gulf of the St. Lawrence 
River. Production problems that affected 
profitability were cited as the reason SO- 
QUEM needed a partner with the capital 
necessary to finance mine improvements. 
Unless a partner or buyer was found, the 
Government could decide to close the mine 
that produced 1 million tons of rock salt per 
year and employed 180 people." 

Nigeria.—The Nigerian Mining Corp. and 
the National Chemical Co. announced plans 
to coproduce food-grade and industrial salt. 
The salt would be used for domestic con- 
sumption and for export.” 


1Physical scientist, Division of Industrial Minerals. 

Edwards, R. Salt Mine Tours Slated: Owner 
Setup. The Detroit News, v. 2, No. 10, June 15, 1 

*Michigan Prees (Williamston). New 
ne Mar. 27, 1985, p. A3. 

unn d. Future of FMC's S.C. E 
Mail ( leston, WV), July 9, 1985, p. 

SChemical Week. Pennwalt Closes S Chlorine/Caustic 
Unit. V. 185, No. 15, 1985, pp. 14-16. 

*News-Tribune and Herald (Duluth, MN). Wisconsin 
Senate Passes Bill Restricting Use of Road Salt. V. 110, No. 
S iie Mi ine Urna Mera M. Salt Study Urged. 

e Mining Jou uette, . Salt 
V. 16, No. 25, . 12, 1985, p. 1A. 

SScience News. Soft Water and Heart Disease. V. 127, 

No. 25, 1985, p. 189. 


*Chemical Marketing Reporter. Current Prices of Chem- 
icals and Related Materials. V. 228. No. 27, Dec. 30, 1985, 


p. 48. 
10 Rock Salt Dumping Found Against Canada. 
V. 228, No. 4, July 22, 1985, p. 7. 
5 C. Six Salt Producers 
tte (Toronto, Canada), v. 15, 


p. 2c. 


Mine, The 
irr ag ds 2, 1985, 
Company News and 


ET 
ii dustrial ustrial Minerals (London). 
Mineral Notes. No. 218, 1985, p. 81. 
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Table 15.—Salt: World production, by country: 


(Thousand short tons) 

Country? 1981 1982 1983 1984P 1985* 
Afghanistan 7 11 11 11 11 
Albania 15 15 80 80 80 
Algeria IL ] 141 154 165 193 200 
6% ⁰y e Sa 8 55 65 60 55 11 
Argentina: 

CCFT/łß ö mS Ead 1 1 1 1 1 
Other aal!!t Le 1,088 655 746 1,033 880 
Australia (marine salt and brine salt 7,408 5,303 5,699 5,500 5,500 
Austria: 
Rock salt un a enema ER ER ut ERR Re d te 1 1 1 1 1 
Evaporated salt A 509 478 396 462 460 
Salt in briieeeͤass ee 291 236 155 263 250 
cC p cM ILS eg EEE 1,069 899 950 *960 940 
Bangladesh? ae Gere eyes, cece Os ee aS, 634 268 141 660 
Benin. zusammen a wl ($) ($) (9) ($) 
Roċk salt ee Se 925 922 51.023 1,046 1,050 
Marine salt 8,049 8,188 592 8,944 4,080 
Bulgari 97 95 98 
Ä ³˙Ü¹—¹wꝛA oA K ʒ See 298 297 317 309 810 
Cambodia (Kampuchea) ~ _ -------------- 42 *45 " 
Canada — ˙ : uum euam 1,981 8,152 9,482 11,282 11,070 
J)) E 8 320 148 788 4831 
f aye uui ee te 20,194 18,060 *17,180 1 *17,950 15,900 
Colombia 
Rock salt c ase 349 831 293 *300 280 
Marine salt A 440 223 321 517 440 
Costa Rica (marine salt)? _-_ 43 *121 120 120 120 
Cublü--. . em E Le 171 218 198 203 200 
Pul. lu ñ⁵² Ä rhe ee E E 10 11 ERN EE ms 
Czechoslovakia. A A 848 860 265 268 270 
Denmark 489 440 498 576 *633 
Dominican Republic" 2... 2 10 10 10 10 70 
ö ⁵˙·¹¹i yy ³ eee 148 918 1,012 *1,100 1,100 
El Salvador 2 2 2 3 
Ethiopia:* ? 
Rock salt 17 17 17 17 17 
Marine aall!tktk *121 121 121 7130 130 
France: 
Rock salt L. 2-2- 828 421 811 249 250 
Brings 1.204 1.181 1.184 1, 200 1.200 
Mine . 1.517 1.696 1.494 1.522 1,540 
Salt in solution. - ---------------—- 4,266 4,091 4,613 94,140 4,850 
German Democratic Republic: 
Rock t salt? JJ lP Rt $3,369 *3,310 8,880 3,390 3,300 
EE EE 62 61 62 60 
Germany, Fedora Republic of: Marketable 
2; 8 9,223 1/154 6,906 7,700 7.200 
Marine en and other galt 4,601 4,348 4,560 *4,600 4,400 
Għana? ~.. 55 55 55 55 
GGG AGA 145 128 176 r 150 180 
Guatemala `.. ----------------— 15 *15 17 1 18 18 
Honduras 35 85 85 85 35 
[151 MNT (9 (*) 1 1 wl 
Rock salt EEN *4 5 5 ° 
Marine allt 9,841 7,758 7.725 8,514 8,300 
NOME oo os eee ee ee 295 1,387 681 408 660 
Irak" te ðiU ͥ ẽ ł . eS 660 770 830 830 830 
1;üüös;!»ẽ%ẽ⁵ðẽ o- ee eee te *88 90 90 80 
Israel. uoces eum cana A i aa eL 146 163 *160 *160 110 
itay. 
k salt and brine salt 3,979 3,974 3,807 3,588 *3 500 
Marine salt 1.060 1.100 1.200 1.100 1.100 
h:: ⅛ wm! . 8 1.105 1,065 1,015 *1,300 1,300 
Jordan? ~------------------------- 33 55 90 90 
Kenya: 
Rock“ ` 2.. 30 50 70 *80 83 
Othër ß beu de deca ea rcd rh *23 27 26 31 83 
Korea, North? __----------------—-- 630 630 630 630 630 
Korea, Republicof. ------------——- 664 952 530 709 720 
Ill 0 ⁵⁰ eam 21 21 *22 23 *23 
Last o eld ra a a my i 22 *10 11 11 11 
Leben)) 17 11 6 6 6 
Leeward and Windward Island? 55 55 55 55 55 
Libya —— oou eee eee 8 1) 11 18 18 11 
Madagascar 83 83 33 33 33 
Malil s ocu nLorem c ELE E 5 5 5 5 5 
Malta — --~----------------------- ($) ($) (99 ($) ($) 
Mauritania „„ ee 6 6 6 
See footnotes at end of table. 
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Table 15.—Salt: World production, by country! —Continued 


(Thousand short tons) 
Country? 1981 1982 1983 1884 1985* 
Mauritius ee 1 e7 lar | 1 
Mexico. $ 777777-7--7--------------- si or bei e Kr 
Moroo EE 161 16 77 e 70 
. OO cM 8 80 80 80 80 80 
Namibia CCC 213 A 15} N 8168 
Netherlands Antilles? ss Ka 7200 220 Vo 399 
New Tealan aaa. 61 77 8$ 63 70 
Nicaragua® ---------------------- -- 20 20 20 17 17 
Ed cope ree eise eee ; * 3 3 3 
Rock salt ul eee Rare "664 "594 629 659 6356 
Other aalſſ]ſlũl!! llc ll Toma 1246 r 9910 7 00 *344 
Panama (crude) __._______.___.____-__ 85 21 $4 *100 109 
POSEE C PERMISO E I eS 558 635 *540 *550 550 
Jö ³ð2Nu ĩð u 8 302 402 421 442 4466 
Rook salt ...-------------------- 1,447 1,475 1,247 1,206 ©) 221 
Other salt... . 8,261 2.776 2,750 3,887 44.089 
Rock salt oo hah humum ee 450 448 461 502 610 
Marine a!!! 190 110 120 1120 130 
EEIE EENE EEE ͤ y 6,548 5,243 6,066 “5 600 §,000 
NEEN 155 176 190 182 180 
Sierra Leonß sss 220 220 220 220 220 
J ³·1 ³ A D D D D 33 
South Africa, Republic o. 506 646 820 679 he c LÍ 
Rock salt `... A A 2,596 2,499 2214 22571 2,300 
Marine salt and other evaperated salt |... — 1,586 1,187 1,267 1,350 1,999 
Sri Lanka A A 115 194 142 118 129 
BEAR PTT 71 $1 *80 e20 80 
Switserland... ------=--------=-- > 415 390 849 410 420 
Syria cc oec UU ee *100 112 96 96 100 
Taiwan `... 387 289 87 241 190 
Tansania KU *41 $1 24 20 
Thailand: 
Nock ale 12 12 6 11 11 
Other salt? L... 180 180 180 180 180 
EE 1 9? ae eds ee 
Hl ` WEE 515 484 413 964 “446 
p ee DE ER 1,589 1,448 91,540 1,482 1,400 
Uganda’ Sea Eo 8 6 6 6 6 6 
1 WOW Cos 16,756 17,416 17,887 18,200 18,700 
Rock aallttttttk!! A A 1,488 2,485 1,451 1,730 1,800 
Brine salt“) -- 1,608 1,718 1,581 1,569 1.700 
Other salt’? 7777 4317 0 3,960 4,557 4,500 
SE n Puerto Rico (sold or used 
ucers 
, 11,871 13,508 9941 13956 — *1400 
Other sal 
United Stats 21,006 24,991 24,632 25,871 994.815 
Puerto Ree... 8 16 82 30 35 
Venezuela. . ok oe ee *215 815 342 r 0360 390 
VOTI E RON EM dane ogee ER 445 120 980 880 EI 
Yemen (Ade gn 80 80 80 80 90 
Yemen Ganah 70 60 155 100 190 
. 212 219 212 
Marine allt!!! 40 42 82 419 
Salt from brine... LLL cc ls 209 211 216 
T7771 ee ane tet 7188,953 7180,920 175,434 188,099 187,60$ 


*Estimated. "Preliminary. "Revised. 
VTable includes data available through June 24, 1986. 


“Salt is produced in many other countries, but quantities are relatively insignificant and reliable production date are 
nota 


Wear ending June 30 of that stated. 
*Less than 1/2 unit. 


represent sales. 
Burmese Government was as follows, in short tons: 1981—92,368. 1983— 


*Fiscal 

10Data captioned ‘Brine salt" for the United Kingdom are the quantities of salt obtained from the evaporation of 
F are the salt content of brines used for purposes other than production of salt by 
eva 


Sand and Gravel 


By Valentin V. Tepordei' 


A total of 800 million short tons of con- 
struction sand and gravel valued at $2.4 
billion, f.o.b. plant, was estimated to have 
been produced in the United States in 1985. 
This tonnage is the highest production re- 
ported since 1979, and 17% below the record 
high production of 1978, but 3% higher than 
that of 1984, when the last full annual 
survey was conducted. 

Production of industrial sand and gravel 
in 1985 was from that of 1984 
and totaled 29.4 million tons valued at $374 
million, Lob, plant, a 12% decrease from 
the record high production of 1979. 


Exports of construction sand and gravel 
in 1985 decreased 18% to 1.5 million tons 
valued at $8.9 million, while importa in- 
creased 6396 to 246,000 tons valued at $1.6 
million. Domestic apparent consumption of 
construction sand and gravel in 1985 was 
799 million tons. 

Exports of industrial sand decreased 2796 
in 1985 to 866,000 tons valued at $22.6 
million, while imports for consumption in- 
creased 212% to 81,000 tons valued at $1.5 
million. Domestic apparent consumption of 
industrial sand and gravel was 28.6 million 
tons. 


Table 1.—Salient U.S. sand and gravel statistics: 
(Thousand short tons and thousand dollars) 


1981 1982 1983 1984 1985 
Sold or used: 
Construction sand and gravel 
Quantity oo ee ee ee *690,000 594,000 *655,100 713,900 *800,100 
Malis. — o .. 8 *$1,928,000 $1,674,000 *$1,935,000 $2,244,000 32, 488, 000 
Industrial: 
Send: 
Quantity mr DI Ie ⁵è !. 29,250 26,3 26,080 ,680 29,010 
ER alue Geet te $326,300 $316,900 $829,500 $370,370 $370,730 
vel: 
Hy 5 EL nts M CALL 1 1,024 531 706 $57 
C oe Eee $5,997 $6,846 $5,667 $6,844 $3,340 
A 
CY EE 29,980 27,400 26,620 29 29,430 
Ex Elie. o uda Re Exe $332,800 ` $323,800 — $385,200 $377,200 $374,070 
porta: 
— dÉ dëi vi dë um 
Im forconsumotion =~ 1 
Quantity ) T 837 215 181 177 327 
Lu Jew NONSENSE en ee $2,608 $4,002 $2,666 $2,629 $3,085 
"Estimated. 
Puerto Rico excluded from all sand and Aig a ies 
*Data may not add to totals shown beca 8 


821 


822 


Domestic Data Coverage.—Domestic pro- 
duction data for construction and industrial 
sand and gravel are developed by the Bu- 
reau of Mines from voluntary surveys of 
U.S. producers. Beginning with 1981, full 
surveys of construction sand and gravel 
producers are conducted for even-numbered 
years only. For odd-numbered years, pre- 
liminary surveys are conducted that collect 
production information on a sample basis 
that is used to generate only annual prelim- 
inary estimates at the State level. Industri- 
al sand and gravel producers are surveyed 
every year. Of the 181 industrial sand and 
gravel operations surveyed, 139, or 76%, 
reported to the Bureau of Mines. Of these, 
136 operations were active and their total 
production was 24.5 million tons, or 83% of 
the U.S. total industrial sand and gravel 
produced. The nonrespondents’ production 
was estimated using production reports, 
adjusted prior years’ production, and/or 
employment data. Of the 139 reporting 
operations, 18 did not indicate a breakdown 
by end uses. Their total production, as well 
as that of the 32 estimated operations repre- 
senting 17% of the U.S. total, was included 
in “other unspecified uses.” In 1985, 13 
industria] sand and gravel operations were 
idle. 
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Legislation and Government Pro- 
grams.—On March 5, the U.S. Congress 
approved an 18-month Interstate Cost Esti- 
mate (ICE) legislation that retroactively 
gave the U.S. Department of Transporta- 
tion the authority to disburse to the States 
construction funds collected into the Fed- 
eral Highway Trust Fund for the period 
ending September 30, 1985. On September 
19, an additional ICE legislation was passed 
by the U.S. Congress for the period ending 
September 30, 1986. Most of these funds 
were to be used for highway construction 
and repair work, and their late release 
impacted to some extent the demand for 
construction sand and gravel. 

In August 1985, the Environmental Pro- 
tection Agency issued its final regulations 
establishing particulate emission standards 
of performance for nonmetallic mineral 
processing plants. The regulations went in- 
to effect on August 1, and will be imple 
mented under section 111 of the Clean Air 
Act. The standards were based on emission 
levels achievable using well-designed and 
operated baghouse controls or wet-dust sup- 
pression techniques. The standards apply to 
new, modified, and reconstructed facilities 
at plants processing 18 industrial minerals 
including sand and gravel. 


CONSTRUCTION SAND AND GRAVEL 


DOMESTIC PRODUCTION 


Revised production estimates indicate 
that in 1985 U.S. output of construction 
sand and gravel increased 3% compared 
with that of 1984. All regions, except New 
England and West South Central, regis- 
tered increases up to 11%. The Pacific 
region continued to lead the Nation with an 
estimated 178 million tons, or 22% of the 
U.S. total, followed by the East North Cen- 
tral region with 132 million tons, or 17% of 
the total, and the Mountain region with 113 
million tons, or 14% of the total. 

Among the four major geographic re- 
gions, the West again led the Nation in the 
production of construction sand and gravel 
with 36% of the total. The North Central 
region was next with 27%, and the South 
was third with 25%. Construction sand and 
gravel was produced in every State, and the 
10 leading States, in descending order of 
volume, were California, Texas, Michigan, 
Arizona, Ohio, Alaska, New York, Colorado, 
Illinois, and Minnesota. Their combined 
estimated production represented 52% of 


the national! total. 

Tarmac PLC of Wolverhampton, United 
Kingdom, purchased the Florida aggregates 
and ready-mix concrete operations of Lone 
Star Industries Inc. of Fort Lauderdale, FL. 
The newly formed company, Tarmac Flori- 
da Inc., will be situated in Fort Lauderdale, 
FL. Pioneer Concrete of Texas Inc., based in 
Houston, TX, purchased four sand and grav- 
el operations and seven ready-mix concrete 
plants in south Texas from Lone Star Indus- 
tries. A Hawaiian affiliate of Lone Star 
Industries formed a partnership with Ade- 
laide Brighton Cement Holdings Ltd. of 
Australia and purchased Lone Star's aggre- 
gate and ready-mix concrete operations 
throughout Hawaii. 

River Aggregates Co. of Hernando, MS, a 
subsidiary of River Cement Co. of Orange, 
TX, is a new major sand and gravel produc- 
er in Mississippi. A long-time cement 
supplier of this area, River Cement decided 
to diversify by becoming a sand and gravel 
producer. The new operation, near the 
Mississippi-Tennessee border, is equipped 
with a 600-ton-per-hour processing plant. 
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Figure 1.—Production of construction sand and gravel in the United States in 1985, 
by geographic region. 


FOREIGN TRADE 


Exports.—Exports of construction sand 
decreased 18% to 997,000 tons valued at 
$6.2 million. Canada was the major destina- 
tion, receiving 90% of the total, while Mexi- 
co received 7%. Exports of construction 
gravel decreased 19% to 516,000 tons valued 
at $2.7 million, 94% of which went to 
Canada. 

Imports.—Imports for consumption of 
construction sand and gravel increased 63% 
to 246,000 tons valued at $1.6 million, 86% 
of which came from Canada. 


TECHNOLOGY 


The National Sand and Gravel Associa- 
tion’s Annual Plant Operator’s Forum, held 
in Los Angeles, CA, from March 17 to 
March 20, 1985, covered a broad range of 
topics related to the use of hydraulic dredg- 
ing in sand and gravel operations. Automa- 
tion of sand and gravel plants, computer- 
controlled sand classifiers, and tips on how 
to design portable plants for easy relocation 
within the pit were also discussed.“ A re- 
view of the basics of hydraulic dredging 
technology and how it can help a sand and 
gravel operation grow and increase profit- 
ability was published by a leading expert in 
this field. 


A computer-controlled sand classifier in- 
stalled by Eastern Aggregates Inc. of David- 
sonville, MD, was instrumental in increas- 
ing concrete sand production at the plant. 
The computerized classifier tracks raw ma- 
terial fed into the system, calculates the 
optimal settings for different discharge sta- 
tions, and transmits the parameters to the 
central control station. Based on the auto- 
matic readouts of the sand’s fineness modu- 
lus made every 6 minutes, the system ad- 
justs the yield from the varying feed stocks 
to meet preset specifications. 

Midwestern Industries of Massillon, OH, 
introduced a new screening system called 
Multi-Vib. The system stratifies the materi- 
al in a shallow fluidized bed on each deck 
with rapid drop-through of particles. The 
process reduces the wear of the screens and 
sizes the material more accurately into the 
final products.* 

The chances of success in obtaining min- 
ing permits are significantly improved if 
long-range mining plans of aggregate pro- 
ducing operations are properly presented to 
the public. Three-dimensional quarry mod- 
els displaying the present and the future of 
the operation were successfully used by 
Cooley Gravel Co. of Denver, CO, and Trap 
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Rock Industries Inc. of Franklin, NJ.* 

The decision to automate an aggregate 
processing plant is usually determined by 
economic factors. However, the success of 
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the new system by the operating personnel, 
according to an article that reviewed the 
human and economic aspects of plant auto- 
mation.’ 


such an effort depends on acceptance of 


Table 2.—Construction sand and gravel sold or used in the United States, by geographic 


region 
1984 1985 
nti- 
Geographic region antity Percent Value Percent ty Percent Value? Percent 
E (thousand of (thou- of Pese] of (thou- of 
short tons) total sands) total hid sands) total 
tons) 
Northeast: 
New England ______ 39,694 5 $113,590 5 38,300 § $117,900 5 
Middle Atlantic — 49,985 6 177,028 8 55,600 7 199,200 8 
North Central: 
East North Central 127,643 17 336/115 15 132200 17 870.800 16 
M North Central 80,307 10 183,146 8 82,600 10 196,400 8 
th: 
South Atlantic 63,609 8 187,397 8 67,900 8 203,400 8 
East South Central 36,697 5 99,225 4 39.200 5 115,000 5 
e West South Central. 98,748 13 304.493 14 93,900 12 302,700 12 
est: 
Mountain... 107,332 14 $14,838 14 112,900 14 338,400 14 
Pacific 169,861 22 527,528 24 177,500 22 594.200 24 
KT LE 173,900 100 2,244,000 100 800,100 100 2,438,000 100 
"Estimated 


‘Data may not add to totals shown because of independent rounding. 


Table 3.—Construction sand and gravel sold or used in the United States, by State 
(Thousand short tons and thousand dollars) 


1984 1985* 
State 
Quantity Value Quantity Value 

Pi!) ĩ²ꝛ¹¹w er A w oe 10,348 26,188 11,000 32.000 
Alaska EE 30,861 66,883 29,000 63,000 
zi d 30,439 101,959 37,000 118,000 
SEKR 8, ,186 8,500 24,400 
lil 8 102.420 360.427 112.800 430,000 
Colorado -=n eui cec mci eL D G A 28,024 87.324 27,500 S. O00 
Sei y ue e CE Le ee E 6,718 22,817 6,000 21.000 
TR o on uou se EES 1,003 2,795 1,300 4,000 
a, TEE 21,032 48,494 22,500 49.500 
J/C§êö ? . ˙.i;ky 5,347 13,623 5,000 13,400 
Ä ³·¹¹ ...... 8 436 2.031 500 2.100 
Idaho 5. 5c m ⁰AA—ASA ĩðͤ- vy y 4.725 18.509 4.000 11.400 
iss ee e te a 25,969 12,477 26,600 11.000 
1 uou uL os 16,071 44,144 18,600 54,800 
NOOB es ae et es eS D. et ute 13,882 37,027 12,000 30,500 
Kansas . 2-459 eene t RS Lem c Lu 11,796 26,358 13,200 31,800 
Kentucky... ˙²ü ³Üwꝛ ⁰mdt St et 7,839 18,252 1, 19,000 
Louisiana- o eege 17,040 54,664 15,000 48.000 
J / ⁰˙¹⁰idd ͥ d mdr ĩð 88 7,885 19,228 7,200 18,000 
Maryland- - - -----------------------—-- 14,234 46,671 17,000 58.000 
Massachusetts- - -- --—----—------------------——- 14,168 42,139 14,900 47,300 
PEI 33 nunua aa ee ⁵⁵ ees 36,071 76,540 38,000 93,000 
Minnesota EEN 22,612 49,087 25,000 55,500 
Mississippi J DEMEURE ERES: 12,205 34,955 13,400 42.000 
TT WEE 7,967 19,364 7.500 20,000 
N ³·˙¹ eo ee ĩ ee cs 1,116 21,269 9,000 26.000 
zz.... 11.839 27,791 11,600 28 si) 
Nevada «cuum EE 8,202 20,505 9,500 24.200 
New Hampehire - . -------------------------—- 5,637 16,054 6,300 19.800 
New Jersey... _____ ~~~ „ 9,545 31,878 10,600 36,700 
New Mexico EE 8,363 22, 8,400 22.500 
17·Ü Ee 25,968 80,866 23.000 BS 500 
North Carolina _. 22 22 2L ~~ 22222 Le 6,312 18,159 6,100 19,500 
North Dakota ß eege 6,426 11,351 6,900 13. 
C ³˙¹Ü—Aä A ⸗ AAA pie ĩ AM y 8 31.748 104.709 33,000 10 000 
, . ein ed E 10,984 26.582 12.600 32.300 
Le EE 12,776 37,117 12,500 . 00 
Pennsylvania Lon 14,472 64,285 17,000 74,000 


See footnotes at end of table. 
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Table 3.—Construction sand and gravel sold or used in the United States, by State 
—Continued 


(Thousand short tons and thousand dollars) 


1984 1985* 
State 
Quantity Value Quantity Value 
— RE A ee S ET SE VA AE A S 1,483 5,282 1,200 4,600 
TTT TWEET Pd 5,845 17,097 4,900 14,000 
CCC Ree pn WWA e 5,786 12,168 6,400 16,000 
fT S 6,304 19,830 7,200 
raw EE et REN ee PS E ES 62,389 199,461 57,800 198,000 
A. "` SE d v Ne ee ee ZENS GL) 15,217 ,507 14,000 36,400 
v..; ⁵ði ↄðò y . 8 3.802 8,071 2,700 7, 
VC `" (E EE Ee 8,860 37,359 10,200 42,000 
TT.... crc ad need etal m ee we aa SN 23,369 61,070 22,700 62,300 
ccc EDEN RAS 976 3,198 900 3,000 
Li 0 aen ee a ett EE a a EIS 17,785 38,245 16,000 36,000 
bur. EE TA 4,586 13,372 y 11,000 
ee 773,900 2,244,000 800,100 2,438,000 
*Estimated. 


Pata may not add to totals shown because of independent rounding. 


Table 4.—U.S. exports of construction sand and gravel, by country 
(Thousand short tons and thousand dollars) 


Construction sand Gravel 
Country ‘ 
Quantity weitet Quantity ` wl) 
1984 
BENE EAER ²⁰ AAA ai EES) wl 3 16 
TT sont ics is gs ̃ Sg is csp ̃ ¶ GK. o teli ew Rr n 1,006 3,215 616 1,635 
"TL PM oe a tin 2 ͤ Se el 181 1,534 1 20 
DINE E ear ptf chat aima Ro Aer eae eed Wawa 23 8,342 17 560 
TUM. ica ai E nan Cae doo E sen ak 1,210 8,094 635 2,231 
1985 
€—— 2:2: ꝛ² 2 RE 892 8,061 485 1,430 
reir i FON ——U—U— — a — d as 
Netherlands Angie 1 7 E. 131 
T! ͤ ͤ as Bd ͤ ͤ ͤ DOE EN e PS 11 64 7 
Trinidad and TOM. EECH 4 244 1 112 
T AETAT AAA T 11 1,659 11 806 
. EECHER 997 6,212 516 32.123 
A M ae port of export; based on transaction price, including all charges incurred in placing material 
ongsi P. 
Wess than 1/2 unit. 


?Data do not add to total shown because of independent rounding. 


Table 5.—U.S. imports for consumption of construction sand and gravel, by country 
(Thousand short tons and thousand dollars) 


e 1984 1985 
Country 
Quantity — lo Quantity oi 

TT erh ET a eS E 23 9 61 
sposi cid e A aei CIC bln ene ag he Sef 14 110 e wn 
„% 0 ee ara DECR 82 11 155 
I E RERE PL nas sabe A 121 1,100 212 908 
TT! ͥ ³˙ www ̃ ⅛ —ům!— * 2 d er 
Phage ee re ee ee eee ee 79 r287 1 131 
TUM Lira: . . M — 151 21 603 246 1,572 


Revised. 

Value of material at U.S. of entry: based on purchase and includes all c (except U.S. duties) in 
bringing material from 1 alongside carrier caving di "M e — 

2Data do not add to total shown because of independent rounding. 


826 


MINERALS YEARBOOK, 1985 


INDUSTRIAL SAND AND GRAVEL 


DOMESTIC PRODUCTION 


The total output of industrial sand and 
gravel in 1985 was 29.4 million tons, un- 
changed from that of 1984. The North 
Central region continued to lead the Nation 
with 40% of the U.S. total, followed by the 
South with 36%, the Northeast with 13%, 
and the West with 11%. Compared with 
that of 1984, the output of industrial sand 
and gravel by region increased 3.696 in the 
South and slightly in the Northeast, and 
decreased 3.9% in the West and slightly in 
the North Central region. 

Based on the 1980 census data on popula- 
tion, U.S. per capita industrial sand and 
gravel production was 0.18 ton. Per capita 
production by region was 0.20 ton in the 
North Central, followed by the South with 
0.14 ton, and the West and the Northeast 
with 0.08 ton. 

The 10 leading States in the production of 
industrial sand and gravel in 1985 were, in 
descending order of volume, Illinois, Michi- 
gan, New Jersey, California, Florida, Texas, 
Ohio, North Carolina, Wisconsin, and Okla- 
homa. Their combined production repre- 
sented 73% of the national total. Production 
increased 38% in Florida, 13% in Wiscon- 
sin, 12% in North Carolina, and 4% in New 
Jersey, but decreased 13% in Ohio and 
slightly in California and Illinois. 


WEST sout Cente 


In 1985, 98 producers of industrial sand 
and gravel with 169 active operations were 
canvassed by the Bureau of Mines. About 
75% of the industrial sand and gravel 
produced came from 49 operations, each 
with an annual production of more than 
200,000 tons. The 10 leading producers of 
industrial sand and gravel were, in descend- 
ing order of tonnage, Unimin Corp., Penn- 
sylvania Glass Sand Corp. (PGS), The Morie 
Co. Inc., Ottawa Silica Co., Manley Bros. of 
Indiana Inc., Standard Sand & Silica Co., 
Oglebay Norton Co., Construction Aggre- 
gates Corp., Wedron Silica Co., and Badger 
Mining Corp. Their combined production, 
from 54 operations, represented 679% of the 
US. total. 

PGS of Berkley Springs, WV, the second 
largest U.S. producer of industrial sand, 
was sold in the second half of 1985 by its 
parent company, International Telephone 
& Telegraph Corp. of New York, NY, to 
United States Borax & Chemical Corp. of 
Los Angeles, CA, a subsidiary of The Rio 
Tinto-Zinc Corp. PLC of London, United 
Kingdom. The sale followed expansion 
plans announced by PGS in 1984 that in- 
cluded the installation of new automated 
production and quality control equipment, 
and automated packaging and shipping fe- 
cilities at four of its operations. 


0 
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Figure 2.—Production of industrial sand and gravel in the United States in 1985, 
by geographic region. 


SAND AND GRAVEL 


Sand and gravel production reported by 
producers to the Bureau of Mines is actual- 
ly material sold or used by the companies. 
Stockpiled material is not reported until it 
is consumed. 

Of the 29.1 million tons of industrial sand 
sold or used, 35% was consumed as glass- 
making sand and 18% as foundry sand. 
Other important uses were hydraulic 
fracturing sand with 7%, and abrasive sand 
with 6%. Because some companies did not 
report a breakdown by end use, their total 
production as well as the estimates for 
nonrespondents were included in “Other 
unspecified uses,” which represent about 
19% of total U.S. output. On a regional 
level, most of the glassmaking sand was 
produced in the South, 39%, followed by the 
North Central, 26%, and the West, 18%; 
while most of the foundry sand was pro- 
duced in the North Central, 67%, and the 
South, 17%. Of the smaller by volume but 
important uses, most of the hydraulic 
fracturing sand was produced in the North 
Central, 66%, and the South, 31%; while 
most of the abrasive sand was produced in 
the South, 53%. 


PRICES 


The average value, f.o.b. plant, of US 
industrial sand and gravel decreased slight- 
ly to $12.71 per ton. Average unit values for 
industrial sand and industrial gravel were 
$12.75 and $9.36 per ton, respectively. Na- 
tionally, silica sand used as fillers in rubber 
and paint had the highest value per ton, 
$53.72; followed by silica sand used in ce- 
ramics, $35.30; fiberglass ground, $27.28; 
and silica flour, $25.81. 


TRANSPORTATION 


Of the total industrial sand and gravel 
produced, 80% was transported by truck 
from the plant to the site of first point of 
sale or use, 18% by rail, and less than 1% 
by waterway. Because most of the producers 
had no records of and/or did not report 
shipping distances or cost per ton per mile, 
no transportation cost data were available. 


FOREIGN TRADE 


Exports.—Exports of industrial sand 
decreased 27% to 866,000 tons valued at 
$22.6 million. Of this, 85% went to Canada, 
and 6% went to Mexico. 

Imports.—Imports of for consumption in- 
dustrial sand increased 212% to 81,000 tons 
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valued at $1.5 million. Of this, 52% came 
from Australia, 17% from Antigua, and 
14% from Japan. 


TECHNOLOGY 


A consortium of seven companies was 
established to sponsor research and devel- 
opment in glass technology. The companies 
involved in this joint venture were ACI 
International Ltd. of Melbourne, Australia; 
Brockway Inc. of Brockway, PA; Consumers 
Glass Co. Ltd. of Toronto, Canada; Emhart 
Corp. of Farmington, CT; Rockware Glass of 
Windsor Berks, United Kingdom; Weingand 
Glass of the Federal Republic of Germany; 
and Yamamura Glass of Japan. A total of $5 
million over a 3-year period will be provided 
by the group to fund seven research proj- 
ects. The aim of the research is to develop a 
strong, lightweight, glass container that 
could successfully compete with plastic con- 
tainers. The first phase of the project, con- 
ducted at selected research institutes and 
organizations addressed the development of 
new glass technology. The second phase of 
the project will involve the assessment of 
economic and practical factors of imple- 
menting the new technology. Proposed re- 
search includes a project at the Massachu- 
setts Institute of Technology that will exam- 
ine the use of special coatings on glass 
containers.* 

Within the next 1 or 2 years, a 16-ounce- 
capacity super-lightweight nonrefillable 
soft drink glass container will be manu- 
factured in the United States. The weight of 
this new container was estimated to be 5 
ounces, which is approximately 36% less 
than the present weight level for this type 
of container. The weight-to-capacity ratio of 
about 0.3 for the new container also repre- 
sents a significant reduction from present 
levels.* 

Recent advances in microcomputer hard- 
ware and software provided the capability 
of performing complex batch calculations 
on inexpensive desk-top models. À micro- 
computer program was developed at Rut- 
gers University, Department of Ceramic 
Engineering, which enables optimum glass 
batch formulation using Linear program- 
ming techniques (LP). Previously, such ap- 
plications required the use of more expen- 
sive large mainframe computers. The LP 
procedure improved the accuracy of glass 
batch formulation, especially when complex 
raw materials are used, provided the capa- 
bility of easily establishing tolerance limits 
for each oxide level, and controlled many 
key glass batch parameters in a single 
integrated computation.!* 
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The recent advances achieved in high- 
intensity wet and dry magnetic separation 
techniques extended their usefulness for 
processing industrial minerals. Such new 
developments included the use of strong 
rare-earth permanent magnetic separators, 
large-particle-size electromagnetic separa- 
tors, and superconducting cryogenic wet 
and dry systems. Several systems capable of 
separating minerals on the basis of their 
magnetic repelling properties rather than 
their attracting properties also were stud- 
ied." 

The Western Australian government in- 
troduced a computerized information sys- 
tem that allowed instant access to the 
results of mineral exploration performed 
previously by mining companies. Under the 
provisions of the Mining Act, companies are 
required to report all technical details of 
their exploration activities to the Depart- 
ment of Mines. These reports become eligi- 
ble for open-file release when the explora- 


costly duplication. 


Physical scientist, Division of Industrial Minerals. 


NSGA Rock 
Prad. v. G8, Ne. ö. dune 188 e SC 
Turner, T. M. Is in Your Future? Rock Prod. 
v. 88, No. 11, Nov. Lone -31. 
*Robertson Production. 


J. L. Com ter Raises Sand 
Rock Prod., PV. 88, No. 9, Sept. Ka , pp. 47-49. 
Pit & Vertical Sizing Screening 
pecs. V. I, No. 12, June 1985, pp 1. 
B5, pp. 4s 8 ae 


: Human & Economic 
, v. 78, No. 5, Nov. 1985, pp. 27-29. 
i inerals (London). International Glass Re- 
search. No. 211, Apr. 1985, Geh Vo 
*Southwick, 'R. D. A Su June 10,1880, p 
Feasible. Glass Ind., v. 66, No. T, June 10 ATEM 


1985, pp. 14-17. 
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Table 6.—Industrial sand and gravel sold or used in the United States, by geographic 


region 
1984 1985 
Geographic region ane Mate Mee Maka KN Verde ag N Porce 
R t thou- 
short — total sanda) total eal. dms "we 
N 

ew England 186 1 $3,781 1 164 1 $3,879 1 
Middle Atlantie 3,459 12 48,725 12 8,542 12 41,352 11 

North Central: 
East North Central 10,260 85 119,035 31 10,092 84 120.162 82 
West North Central 1,663 25,988 1 1,578 5 ; 1 
South Atlantica 5,348 18 65,126 17 5,959 20 67,060 18 
East South Central 1,128 4 10,939 3 1,121 4 11,113 3 
gam South Central 8,881 13 52.655 14 8,648 12 52,004 14 
Mountain... ... 819 3 11,595 746 3 9,950 8 
ECR 2,638 9 44,377 12 2,576 9 43,022 11 
Total!!! 29,380 100 37.200 100 29,430 100 374.070 100 


Data may not add to totals shown because of independent rounding. 


Table 7.—Industrial sand and gravel sold or used in the United States, by State 
(Thousand short tons and thousand dollars) 


sizis 1984 1986 
Quantity Value Quantity Value 
EC ⁵²v . ⅛˙Üͤ 0 d ̃ĩ 442 3.600 524 4.58 
6 yk a y . ge a wW W W Ww 
Ain ũ?⅛]¹] i am A em 459 6.207 412 5.414 
err E 2.281 89,176 81,434 
Colorado X. dd 149 2,213 Ww * 
e wt ee eee ee etn x W W * 
III K aes ae 1.533 9,815 2,123 12.642 
V/ ³·¹¹w EEN 478 6,795 571 6.675 


See ſootnotes at end of table. 
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Table 7.— Industrial sand and gravel sold or used in the United States, by State 
—Continued 


(Thousand short tons and thousand dollars) 


1984 1985 
State — —T—ñ'ʃ᷑ 
Quantity Value Quantity Value 
Mi oe acie pata cea pcd ͤeagy odio isi a W W W W 
— ³⅛ WAA SOS . 0 PNĩ ⅛ i OLG P On np 4.100 52,197 4,056 56,915 
"TTT ERE PRT ee ee 194 1,129 182 1,209 
S eoruin tuf o Sod imde 0 w W 134 1.124 
BONNER. Lo oed e 0 AAA W W W W 
CTT ee AAA eee 266 3,757 267 3,838 
TTP AAA ˙ AAA ⁵¼— ae ere W W W W 
cc Cc ⅛—e—r ] ñ—— — pe W W W W 
U.... hth eo eee eee yamine 3,400 33,060 3,345 25,469 
MINE o oi a ew cae ae . ˙ A Ww W 884 16,910 
MNO nun EE deka nae W W W W 
BRENNEN = peat depict oe 614 8,129 535 7,330 
Do o eo ͤ ass ni EE W W W W 
„ec W W W Ww 
PIEVE TOERE ˙ E EEE A 489 W 479 5.944 
TR IEE, . RE SENE 2,712 $2,287 2,820 31,119 
PTO ast . em ote 25 260 W W 
all lh o 05 “ Öê’.; ³ A . come 1.158 12.864 1.294 13,086 
soo PME ash eed wu Su sly dle abn Rena oe nick St aba aia 1,506 20,829 1,312 21,945 
JJC dudes 2 vise e npa n W W Ww W 
PRION, oc oe ] AA . W W 693 9,846 
..., ³ĩ1 1ͥ1 ͥ ' ͥ ·¹0 ꝛꝛ E W W W W 
ee .. x ee 882 14,889 794 14,092 
poo Sic ad ˙³A m 650 6,903 569 6,156 
w AAA SUP pce T—T— 88 2.028 29.282 1,968 29,095 
UB. ooo ⁰ͥA?B cS so hee al acl een een beri ee 11 W 8 144 
„„ c ee APE W W W W 
J dude ps ³˙¹ or pet ͤ A se furta 356 5,201 322 5,589 
beo qje o SEEN MENO EE w W W W 
LAT ̃ ——.. ͤ¾4X— — eee 1.060 11.821 1.197 14.624 
der aec VVT 581 6,803 2,686 
Tull EE JJ EEN 29,380 377,200 29,430 374,070 
W Withheld to avoid disclosing company proprietary data; included with “Other.” 
Data may not add to totals shown because of independent rounding. 
Table 8.—Industrial sand and gravel production in the United States in 
1985, by size of operation 
Percent tity Percent 
Size range iei vo] of ( 
PP total short tons) total 
— UX ET EES 35 20.7 288 1.0 
PPTP 33 19.5 1.166 4.0 
e . cetacean aen 23 13.6 ; 6.1 
100.00010 1090 aeos oed og Mae D rd Io iL ci Rt ii ies 29 17.2 4,038 13.7 
%% eese ea ac cen cence ot ao rad d oom ctm 11 6.5 2,753 9.4 
„„ 0 14 8.3 4.764 16.2 
„ ena EE? 9 3 8,991 13.6 
C ͤ—T—D—— EE 2 1.2 1,041 3.5 
c uem nim mibi iD acie irs id oo E de e 4 24 2,572 8.7 
TORUM ict Beal me cadi E ah a uic 7 4.1 5,132 17.4 
. EMEN, ooo ec son m inet ru. teh CE apti beet 2 1.2 1,885 6.4 
ROG cos acct E n pidas a pod ee teg Spe 169 100.0 129,430 100.0 


Data do not add to total shown because of independent rounding. 
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Table 9.—Number of industrial sand and gravel operations and processing plants in the 
United States in 1985, by geographic region 


Mining operations on land 
Geographic regi "Stationary No plante Dredging = Total 
! ve 
SE Stationary Portable and or operations operations 
portable unspecified 
Northeast: 
New England 4 aa ut 1 1 5 
Middle Atlantic 14 T "- 5 5 19 
North Central: 
East North Central... S22 37 1 ieee 2 2 40 
West North Central 10 P EUN xo 8 10 
South: 
South Atlantic 20 8 1 6 8 30 
East South Central. 10 2 1 4 3 17 
West South Centraaů 21 1 ae 8 1 25 
est: 
Mountains 7 XE ues 2 1 9 
Pacific os ee ee Ley 12 ad, EM 2 3 14 
Total. S esha ot oe ey oceanus 135 1 2 25 83 169 
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Table 11.—Transportation of industrial sand and gravel in 
the United States in 1985 to site of first sale or use 


tity Percent 
Method of shipment (thousand 

short tons) of total 
PTC EE 23,620 80 
ICT) geeiert ⅛ ae a TU 8 §,401 18 
Waterway- c uec a ⁰ͥ⁰Zydqyſͥ CDI ce ĩͤ A 165 1 
Not shipped. hh ⁰ d eS 245 1 
(rol ETC oe 129,430 100 


Pata do not add to total shown because of independent rounding. 


Table 12.—U.S. exports of industrial sand, by country 
(Thousand short tons and thousand dollars) 


1984 1985 
Country 
Quantity nines Quantity sd 
N Ree i lis i X 
WEE 
CRHBdB 4 cl os ote EE NG 1,045 18,587 739 10,926 
ieee... 88 10 151 (*) 68 
ee Republic -- - ---------------------- 20 2245 a i Er 
BXICÓ uud st ͤÄAdâu K EE ; 
FFF! !!! ! HSœZ—d: ³ A 5 152 9 239 
KEN S o e i eh Ss ĩ . De EN 1 390 4 208 
/ Ee eee eee ee 1,138 16,871 805 13,101 
Sah America: e 
rr 4 238 12 
e IT . ame soak ® 79 5 135 
Colombia EE 6 102 1 161 
)))) ³ð / A 8 8⁴ 6 144 
l ³˙ Ai AAA E esd 6 693 7 17954 
Venezuelas 1 171 CH 114 
Other. oa y D ED a T(1) 150 ($ 34 
TOU t oum uc pec ³ d CENE 11 1,410 15 1,354 
Europe: 
Belgium J3JJ3qq3q2 Ä ⁵³ AA E 8 e 812 6 $27 
J / ͤ AVV 128 1 203 
Germany, Federal Republic ooo 5 1,381 2 444 
Nowe 7 8 1 us : 2,300 
%% ͥ Ren P c LRL a P oes 584 
United | Kingdd‚dddd Ere mes 6 441 9 484 
)) ³Üw y 8 4 1453 3 315 
7J7777///»ͤ»ös at ³Ü¹¹˙. -A es oe eS 20 4,878 28 4,656 
Asia: 
err ⁵ 2 2 142 
))))! opr ere to ee LE 4 1,149 4 700 
Singaportte ee 4 883 4 730 
)))) es ee ee M 88 2 466 2 588 
NL 11 2,752 11 2.211 
Migale East and Africa: 

OS EE EE 3 565 m we 
Saudi Arabia 1 73 1 156 
United Arab Emirates 2 672 3 585 
PP cig au 3 496 1 202 

Total- e beet ee ea ar 9 1,806 5 943 
t MOMMSEN qe Sr Spp ud AA INE Ch SEN M 3 444 2 816 
Grand totalllL]dddz 1,198 27,656 866 22,580 
Revised. 
P elle id material at U.S. port of export; based on transaction price, including all charges incurred in placing material 
ongside ship. 


2Less than 1/2 unit. 
*Data may not add to totals shown because of independent rounding. 
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Table 13.—U.S. imports for consumption of industrial sand, by country 
(Thousand short tons and thousand dollars) 


1984 1985 
Country Cif. Cif 
Quantity value! Quantity value! 
F i o e i ³˙ “ b yt y Se M 5 83 14 92 
Australia- esoe Le ee ee ot XY Ru 6 167 42 737 
Bahamas GEN 8 15 M E 
British Virgin Islands `... 1 17 5 89 
Fur wet qn ³ĩWA ³ĩðVĩ 8 5 155 2 115 
7;õͤõͤͥũ ³ĩð. a aire kr y a me OH 4 11 16 
JJ s nain iuh tuno tenui et 8 sr EI 3 30 
United Kingdom o rennen bue 8 2 53 
Other cu n ] d i eL cn ED a "1 r485 3 382 
Total o oea a e das en eee a 26 926 81 1,513 
"Revised 


value of material at U.S. port of entry: based on purchase price and includes all charges (except U.S. import duties) in 
bringing material from foreign country to alongside carrier. 

?Lese than 1/2 unit. 

*Data may not add to totals shown because of independent rounding. 
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. Silicon 


By Gerald F. Murphy! 


Overall demand for silicon materials in 
the United States in 1985 was slightly lower 
than that of 1984, a consequence of a 
decrease in production by the iron and steel 
and aluminum industries. Production and 
shipments of silicon ferroalloys and silicon 
metal declined by significant amounts. Im- 
ports of silicon materials overall increased 
by a little more than 20% while domestic 
production declined by about 10%. As a 
result, domestic producers' market share 
declined. However, silicon metal imports 
were a little more than double those of 1984. 
Exports decreased substantially, by more 
than one-half, and remained small compar- 
ed with imports. Owing to competition from 
low-priced imports and a weakening de- 


mand by consuming industries, domestic 
producers lowered the prices for metal- 
lurgical-grade silicon metal at the end of 
the third quarter and for the 50% and 75% 
ferrosilicon grades toward yearend. World 
demand for silicon materials increased 
slightly compared with that of 1984. 

Domestic Data Coverage.—Domestic pro- 
duction data for the silicon commodity are 
developed by the Bureau of Mines by means 
of monthly and annual voluntary domestic 
surveys. Typical of these surveys is the 
monthly “Silicon Alloys" survey. Of the 18 
canvassed operations to which a survey 
collection request was made, all responded, 
representing 100% of the total production 
shown in table 1. 


Table 1.—Production, shipments, and stocks of silvery pig iron, ferrosilicon, 
and silicon metal in the United States in 1985 


(Short tons, gross weight, unless otherwise specified) 


Silicon content 
(percent) 


Range Typical 


Silvery pig iron 5-24 
Ferrosilicon (including briquet» _ _ __ _ — pel 
77% ⁰ ERU ETS can »-9. 
Silicon metal (excluding semiconductor SE? 
Miscellaneous silicon alloys (excluding Gg 
silicomanganese) ) 32-65 


Producers’ Producers 
stocks as of Gross met stocks as of 
Dec. 31, ad . a Dec. 31, 
1984 uction men 1985 
18 w 
48 60,579 349,491 263,152 97.738 
76 29.157 91.045 80,058 24,858 
98 10,432 122,787 121,640 9,753 
m 14,300 65,408 61,523 14,670 


W Withheld to avoid disclosing company proprietary data. 


Legislation and Government Pro- 
grams.—Senate bill 262 and its counterpart, 
House bill 976 entitled "Fair Trade in Fer- 
roalloys Act," were introduced in the U.S. 
Senate and the House of Representatives on 
January 24 and February 6, respectively. 
The Fair Trade in Ferroalloys Act, aimed at 
preserving the domestic ferroalloys indus- 
try, would establish a “breakpoint” tariff 
system whereby certain ferroalloys imports 


entering the United States below an estab- 
lished fair market price would be automati- 
cally assessed a tariff. The Senate bill was 
referred to the Senate Finance Committee 
and the House bill was referred to the 
House Ways and Means Committee for 
consideration. On May 21, the U.S. Senate 
adopted an amendment (No. 168) to the 
Department of Defense fiscal year 1986 
Authorization Bill (S. 1160), which requires 
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the U.S. Department of Defense to conduct 
a study to determine what impact the loss of 
all domestic ferroalloy production capacity 
would have on the U.S. industrial base and 
military preparedness. 

Senate bill 1533, National Security Trade 
Act of 1985, was introduced in the US 
Senate on July 31 to amend section 232 of 
the 1962 Trade Expansion Act. Final re- 
sponsibility for decisions on trade relief 
cases and setting time limits would rest 
with the U.S. Trade Representative. On 
October 9, Senate bill 1753 was introduced 
in the U.S. Senate to amend title II of the 
Trade Act of 1974, adoption of which would 
eliminate the discretionary power of the 
President to grant import relief. The admin- 
istration outlined a ''strike force" consisting 
of six high-level administration officials 
that would monitor other countries’ export 
barriers to U.S. goods and unfair subsidies 
of foreign goods that compete in the U.S. 
market. The administration also announced 
an agreement by France, the Federal Re- 
public of Germany, Japan, the United King- 
dom, and the United States on a joint action 
to weaken the U.S. dollar in an attempt to 
slow the protectionist pressures on Congress 
to curb imports and to promote U.S. ex- 
ports. 

A report entitled "Can the U.S. Ferroal- 
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loy Industry Survive?," released by the 
Congressional Research Service of the Li- 
brary of Congress, examined key changes in 
the structure of the U.S. ferroalloys indus- 
try since the early 1970's. The report fo- 
cused on the changing competitive posture 
of domestic producers of ferrosilicon, among 
others. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. The status of silicon carbide was 
deferred until further detailed studies could 
be made. At yearend, this proposal was 
under consideration by the Congress. The 
Department of Defense Authorization Act, 
1986 (Public Law 99-145) signed by the 
President on November 8, 1985, stated that 
no action may be taken before October 1, 
1986, to implement or administer any re- 
duction in a stockpile goal in effect on 
October 1, 1984. 


. DOMESTIC PRODUCTION 


Production and shipments of silicon fer- 
roalloys and silicon metal overall showed 
significant decreases in 1985, compared 
with those of 1984, following comparable 
declines in the iron and steel and aluminum 
industries. The 56% to 95% ferrosilicon 
range declined the most. Both production 
and shipments declined by about 30%. Mag- 
nesium ferrosilicon accounts for the major 
portion of the miscellaneous silicon alloys 
category, the remainder in this class being 
calcium-silicon, silicon-manganese-zirconi- 
um, and rare-earth silicides. Data for sil- 
very pig iron are withheld because there 
was only one producer. 

Producer stocks of 25% to 55% ferrosili- 
con increased by about two-thirds, while 
those of 56% to 95% ferrosilicon showed a 
decrease of about 15%. Stocks of miscella- 
neous silicon alloys were relatively un- 
changed. 

Foote Mineral Co., Exton, PA, announced 
in September plans to sell its specialty 
products lines including proprietary tech- 
nology, trade names, and patents to SKW 


Alloys Inc., Niagara Falls, NY, effective 
January 3, 1986. As compensation, Foote 
will participate in the profits generated by 
SKW Alloys in the manufacture and sales 
of the product lines over the next 6 years. 
As a result of this transaction, Foote closed 
its Graham, WV, ferroalloys plant on De- 
cember 31, 1985. In February 1985, Ohio 
Ferro-Alloys Corp. (OFA), Dayton, OH, 
closed its Powhatan Point silicon metal 
plant for the balance of the year. The 
company subsequently concentrated all of 
its silicon metal production in its Montgom- 
ery, AL, facility. OFA’s third plant in Philo, 
OH, which produced ferrosilicon, had been 
shut down in September 1984. The company 
also secured a S-year agreement to sell 
silicon metal to General Electric Co.’s (GE) 
Silicones Product Div. and concluded a $3 
million loan agreement with GE's Credit 
Corp. The Bonneville Power Administration 
approved M. A. Hanna Co.'s request for a 5- 
year extension of its current offpeak power 
rate for Hanna's smelter at Riddle, OR. 
Additionally, a new 5-year labor contract 
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was finalized between Hanna and unionized 
workers at Riddle. 

International Minerals & Chemical Corp. 
(IMC), Northbrook, IL, completed an expan- 
sion that tripled production of high-purity 
quartz at its feldspar beneficiation complex 
in Spruce Pine, NC. Markets for IMC quartz 
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include fused quartz producers, semiconduc- 
tor manufacturers, and the refractory and 
fiber-optic components industries. 
Estimated ferrous scrap consumption by 
the domestic silicon ferroalloys industry to 
produce silicon ferroalloys was 280,000 tons 
in 1985, compared with 310,000 tons in 1984. 


Table 2.—Producers of silicon alloys and/or silicon metal in the United States in 1985 


Producer Plant location Product 
Aluminum Co. of America, Northwest Alloys Ine Addy, WA FeSi and Si. 
Dow Corning Corr‚dddʒl! „444 AE V OR Si. 
EkemMesdggggggg Alloy, WV. en FeSi and Si. 
777 ⁵¼: p ĩ . 8 Ashtabula, O FeSi. 
Foote Mineral Co., Ferroalloys Div ` tmzgnl G „WV LI Do. 
JJ ce Keokuk, IX Silvery pig iron. 
M. A. Hanna Co: 
Hanna Nickel Smelting Co ~- - -- -- ------------------ Riddle, OR... ..... FeSi. 
Seen ee A et ð Wenatchee, M FeSi and Si. 
International Minerals & Chemical Corp., Industry Group, TAC 
Alloys Div EE SEI AL. FeSi. 
JJ poU e EET e En Kimball, TW Do. 
Moore McCormack Resources Inc., Globe Metallurgical Ine "sad OH .....- FeSi and Si. 
EE ma MMC i. 
Ohio Ferro-Alloys Corp _._......------.------------ Monte ome AL. FeSi and Si. 
BS E E A E Powhatan Point, OH . Si. 
Reactive Metals & Alloys Corrs „r West Pittsburgh, PA _ FeSi. 
Reynolds Metals Co... „„ „„ „ Sheffield, Al. Si. 
SKW Alloys InlnF “““U66ſn)hhſ „„ Calvert City, KY __—_- FeSi. 
Tc ct cae es v PEE Niagara Falls, NT 
CONSUMPTION AND USES 


Overall reported consumption of silicon 
materials in 1985 decreased by about 5%, 
based on silicon content, compared with 
that of 1984. The more pronounced de- 
creases occurred for the 56% to 70% and 
81% to 95% ferrosilicon ranges, but these 
grades remained a small part of the total 
ferrosilicon used. Moderate declines were 
observed for the 50% and 75% ferrosilicon 
grades and silicon carbide. The largest de- 
mand was for silicon metal and the 50% 
ferrosilicon grade, followed, on the basis of 
silicon content, by 75% ferrosilicon, miscel- 
laneous silicon alloys, silicon carbide, and 
silvery pig iron. The decreasing order of end 
uses for silicon materials was steel, cast 
iron, silicones and silanes, and nonferrous 
alloys, with about 60% of consumption 
being accounted for by ferrous applications. 
Cast-iron production consumed the greatest 
amounts of silicon carbide, miscellaneous 
silicon alloys, and silvery pig iron, while 
steelmaking was the biggest user of 75% 
and 85% ferrosilicon. Iron foundries and 
steel plants together accounted for 95% of 
50% ferrosilicon usage; 90% of silicon metal 
went into nonferrous alloys and silicones 
and silanes. 

Decreases in consumption paralleled de- 


clines in major markets for silicon alloys. 
Iron foundries and the steel industry each 
experienced production losses of a little 
more than 5%. The aluminum industry, 
which uses silicon metal to make wrought 
and cast products, suffered from an excess 
of supply over demand and reduced produc- 
tion by about 15%. The decrease was attrib- 
uted to overproduction in 1984. Consump- 
tion of silicon metal for silicones and silanes 
increased slightly in 1985, compared with 
that of 1984. 

Silicon metal produced by tonnage meth- 
ods is used as raw material for the manufac- 
ture of the relatively small quantity of 
ultrahigh-purity polycrystalline silicon for 
semiconductors, solar cells (photovoltaic 
cells), and other highly specialized applica- 
tions. The Bureau of Mines does not collect 
data on these specialty grades of silicon, 
which have a high unit value. In 1985, 
domestic production of polycrystalline sili- 
con was estimated at 1,800 tons. 

Overall, consumer stocks of silicon mate- 
rial declined 15%. The largest decreases 
occurred for the 56% to 70% and 81% to 
95% ferrosilicon ranges and for silicon car- 
bide. 

Union Carbide Corp. began a project to 
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double its production capacity to 2,400 tons 
per year at its new Moses Lake, WA, poly- 
crystalline silicon plant. The additional 
capacity was expected to meet anticipated 
demand from the semiconductor industry 
for polycrystalline silicon. Some of the addi- 
tional capacity was expected to become 
available in late 1986. 
Monsanto Electronic Materials Co. 
(MEMC), St. Louis, MO, formed a 50-50 
partnership with Dongbu Industrial Inc. to 
produce silicon wafers for the semiconduc- 
tor industry. The new facility, Korsil Inc., 
will be in Gumi Industrial Park, Republic of 
Korea. The plant was expected to be com- 
pleted in 1986. MEMC also began construc- 
tion of a silicon wafer manufacturing and 
research plant in Utsunomiya, Tochigi, Ja- 
pan. The project’s first phase was expected 
to be completed by mid-1986. Nippon Kokan 
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K.K. purchased GE’s Great Western Silicon 
polycrystalline silicon plant in Arizona. The 
plant has the capacity to produce about 200 
tons per year of high-purity silicon. Poly- 
crystalline Silicon Technology Inc., Arizona, 
developed a laboratory version of poly- 
crystalline silicon plants. The self- con- 
tained units can be used to investigate the 
Siemens process for production of high- 
purity silicon. 

Dynamit Nobel A.G., through its subsid- 
iary Kay-Fries Inc., purchased Petrarch 
Systems Inc., Bristol, PA. Petrarch special- 
izes in high-technology silicon. Markets for 
its products include optical fiber cable jack- 
eting, medical implants, electronics, and 
catalysts. The company began an expansion 
program to increase its capacity for silanes 
and silicone compounds by doubling the size 
of its facilities in Bristol. 


Table 3.—Consumption, wa major end use, and stocks of silicon alloys and metal 
in the United States in 1985 


(Short tons, gross weight, unless otherwise specified) 


Silicon content Silvery 


(percent) pig iron 
End use 
Range 5-24 25-55 
Typical 18 48 
Steel: 
Carbon (9 48,864 
Stainless and heat-resisting - 33,848 
Full allo .....- ($) 15,417 
High-strength, low-alloy — _ LŽ 6,526 
Electric z (*) 
Tool ee S ($) 
Unspecified. |... 44 6,466 
Total `.. --------- 44 111,121 
ies T ------------- Hes 95 
perallo ys 
Aluminum alloys `... —— RN (5) 
Other alloys ----------- 11 2,897 
Silicones and silanes _ —- d dee 
laneous and unspecified 2 7,653 
F 11.350 232.779 
Percent of 1984 119 88 
Total silicon content“ 2.043 111,734 
Consumers' stocks, 
Dee, II 881 10,013 


E Silicon laneous Silicon 
Ferroeilicon! metál See - Years: 
alloys? 
56-10 71-80 81-95 96-99 Ne 63-170 
65 76 85 98 48 64 
C 19,402 NI wl 1,969 wl 
t 21,315 ($) 123 ($) Ser 
e 6,543 (*) (9 562 -- 
Se 573 (*) 35 125 (*) 
NI ($) ae =a NI DS 
ae 1,683 zo ($) ($) = 
me 18,742 800 1,903 172 223 
($) 14,258 800 2,061 2,828 223 
(5) 19.043 314 51 31,995 28,309 
ut 14 59 60 3 GH 
x zx (0) 48,479 (3) EON 
"P 107 4 7,376 11 bas 
3 ae -- 63,235 Sis, s 
2,150 30 228 11.167 54 TE 
2,150 93,512 1405 132,429 40,891 28.532 
66 91 59 116 133 88 
1,788 71,069 1,194 129,780 19,628 18,260 
116 6,559 118 5,029 1.743 940 


"Includes briquets. 


magnesium-ferrosilicon but also includes other silicon alloys. Average silicon content estimated as 48%, 


based on Géi production survey. 


Does not include silicon carbide for abrasive or refractory uses. 


“Included with “Steel: Unspecified.” 
Included with Miscellaneous and unspecified.” 


Includes an estimated 11,000 tons consumed for unspecified chemicals. 


"Estimated based on typical percent content. 
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PRICES 


Published prices for domestic silicon ma- 
terials remained unchanged for much of 
1985. However, domestic producers lowered 
their prices for metallurgical-grade silicon 
metal at the end of the third quarter and for 
the 50% and 75% ferrosilicon grades to- 
ward yearend. The price reductions were 
attributed to competition from low-priced 
imports, a falloff in demand for silicon 
metal by the aluminum industry in the 
second half of the year, and weaker demand 
by the steel and ferrous foundry industries. 
Despite these decreases, the average price 
per year for major silicon materials increas- 
ed in 1985 compared with that of 1984. For 
example, on a contained-silicon basis, ferro- 
silicon increased from 42.9 cents per pound 
in 1984 to 44.6 in 1985, 75% ferrosilicon 
increased from 44.3 to 46.1, and silicon 
metal containing 1% maximum iron in- 


creased from 62.9 to 63.3. 

Published prices of imported silicon fer- 
roalloys showed a downward trend through- 
out the year, while the price of imported 
silicon metal showed an upward trend for 
the first half of 1985, followed by a steady 
decline for the remainder of the year. Most 
imported silicon materials were priced sig- 
nificantly lower than comparable domesti- 
cally produced materials. For example, the 
average price per year for imported 5096 
ferrosilicon, 75% ferrosilicon, and silicon 
metal containing 1% iron was lower than 
domestically produced material by 18%, 
24%, and 9%, respectively. 

Although posted prices for domestically 
produced silicon materials were, in general, 
much higher than those of imports, dis- 
counting by domestic producers was report- 
ed throughout the industry. 


FOREIGN TRADE 


Exports of ferrosilicon declined by more 
than one-half in quantity and by 40% in 
value, compared with that of 1984. The 
largest quantity went to Canada, 9,425 tons, 
which accounted for about 70% and 60% of 
total quantity and value, respectively. Ex- 
ports went to 27 countries. Silicon metal 
exports also showed a comparable decline, 
about one-half in quantity and 30% in 
value. Most of the metal was exported to 
Mexico (625 tons), Japan (583 tons), and 
Canada (413 tons), making up about 75% in 
terms of total quantity and about 50% of 
total value. A relatively small quantity, 118 
tons, was shipped to Malaysia. Combined 
exports to Japan and Malaysia accounted 
for about one-third of total quantity but 
about 85% of total value. Exports went to 31 
countries. 

Compared with those of 1984, imports of 
ferrosilicon increased about 8% in volume 
but were little changed in value. Silicon 
metal imports increased a little more than 
100% in quantity and about 50% in value. 
Imports of 75% ferrosilicon were the most 
significant on a volume basis. Overall total 
imports of ferrosilicon and silicon metal 
increased a little more than 20%. 

The 75% grade (60% and 80% silicon) 
accounted for a little more than 60% of 
ferrosilicon imports. Norway shipped one- 
fourth of the total in this range, while 
Brazil and Venezuela, each with a little 


more than one-fifth of the total, were the 
next largest sources. Imports in this range 
from Canada increased notably compared 
with those of 1984. The next largest import 
class was regular-grade 50% ferrosilicon 
(30% to 60% silicon), which amounted to 
about one-fourth of all ferrosilicon imports. 
The main sources of this material were, in 
decreasing order, the U.S.S.R., Canada, and 
Venezuela, which accounted for about 80% 
of the total in this class. Average silicon 
content of all imported ferrosilicon in 1985 
decreased to 66% from 67% in 1984. 

Imports of silicon metal in the 96% to 
99% range showed an increase of 40%, 
compared with those of 1984. The main 
sources of this material were Canada and 
Yugoslavia, which accounted for about 75% 
of the total. However, imports of silicon 
metal in the 99% to 99.7% range increased 
about 140%, compared with those of 1984. 
Total imports of silicon metal increased by a 
little more than 100% in terms of gross 
weight, compared with those of 1984. Brazil, 
Canada, and Portugal were the dominant 
sources of commercial-purity silicon metal. 
The Federal Republic of Germany, Italy, 
and Japan supplied over 90% of the import- 
ed high-purity semiconductor-grade silicon, 
which is included in the over 99.7% silicon 
import class. 

Imports of silicon materials, on a gross- 
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weight basis, represented a larger share of 
the domestic market, increasing from about 
one-fifth in 1984 to a little more than one- 
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Table 4.—U.S. exports of ferrosilicon and 
silicon metal 


: nti Value 
quarter in 1985. — Year poo MES 
The very large increase in silicon metal tons) sands) 
imports and a small increase in ferrosilicon 11858 
imports combined with a marked decline in FERROS 
ee de CVD 15,768 312.136 
ferrosilicon and silicon metal exports left 19ũmmn:iininiunun?e 14.932 11.996 
the United States a net importer of silicon 1983 ---------------- 10,712 
f as : 7G SUNG EI 29.364 21,135 
materials. Net imports of silicon materials 1985...  ... ZI IIIZ 12,969 12,671 
amounted to about 189,000 tons and a trade SILICON METAL 
deficit of about $83 million. The administra- 1981 ---------------- 8,678 57,001 
1982 ord et 8 2411 34.335 
tion also announced an agreement by the 1983 7777777277 777777 2767 41,826 
United States with four other leading indus- 1984 ---------------- 4,420 88,543 
‘ uii à TEE 2,120 61,647 
trial nations on a joint action to weaken the 
U.S. dollar in an attempt to slow the protec- Source: Bureau of the Census 
tionist pressures on Congress to curb im- 
ports and to promote U.S. exports. 
Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
by grade and country 
1984 1985 
Quantity Quantity 
Grade and country (short tons) Mee (short tons) My ue 
ou- thou- 
Groes Silicon sands) Gross Silicon sands) 
weight content weight content 
Ferrosilicon: 
Over 8% but not over 30% silicon: 
PR TS 42 6 152 23 $9 
Germany, Federal Republic of 22 = ec 171 17 5 
United Kingdom -------------- 5 1 10 23 4 27 
rr accen mL EC 46 7 18 345 43 41 
Over 30% but not over 60% silicon, with over 
2% magnesium: 
Brazil Seege 5,564 2,530 2,845 3,973 1,822 2,462 
S 351 178 151 174 365 223 
FF) oe dye ul p me tenn 964 446 662 121 340 519 
Ue many: Federal Republic oft 256 143 321 212 106 289 
% 273 122 201 99 45 71 
is PUNIRI MO EN rR NR 182 82 311 127 51 215 
Norway -------------------- 3.244 1.488 2.688 1.662 143 1.186 
EE 78 4l 73 12 5 17 
rr 10.912 5,030 7.252 7,586 3,484 4,981 
Over 30% but not over 60% silicon, not 
elsewhere c 
Aentin s ee Sa 2 66 40 60 
2323 ohne eae E or 7,160 8,473 2,428 3,135 1,532 977 
Canada EEN 7.221 3.627 2.113 11.547 5,568 3.697 
France c - TATA 2.703 1.578 2.694 2.628 1.497 2.209 
Germany, Federal Republic of . - 868 480 948 261 145 270 
CLEES 76 41 72 uM X MS 
/ om erm ss ls 18 8 31 36 16 60 
Netherlands %%% ͤ evene 18 11 16 mes E det 
Norway EE 1,090 437 408 TOR T DN 
Spat: nci e 8 939 589 1,019 1,111 644 1.103 
BSR et ccc oan enn 11,514 5,424 3,151 16,132 7,518 4, 
Venezuela `... eer E 22 6,969 828 1.612 
FTT 31,607 15,668 12,880 41,887 20,788 14,590 
Over 60% but not over 80% silicon, with over 
3% calcium: 
Argentina M E zx 351 222 368 
FFP 4.436 2,802 3,841 6,134 3,860 5,377 
Canada ``- 222222-2- x Ee T 31 24 15 
France os o ooo slc eds 1,118 691 1,209 1,080 653 1,082 
Germany, Federal Republic of |... 1,054 618 999 602 361 516 


See footnotes at end of table. 
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Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
by grade and country —Continued 


1984 1985 
Quantity Quantity 
Grade and country (short tons) Value (short tons) Value 
(thou- (thou- 
Gross Silicon sands) Groes Silicon sands) 
weight content weight content 
Ferrosilicon —Continued 
Over 60% but not over 80% silicon, with over 
3% calcium —Continued 
Maly acce p d E 146 104 $148 37 24 $35 
Nit 8 44 26 10 EE E "e 
Spain Let a ³ AA cR EU LLL 8 nen ned 312 191 291 
Total? EEN 6,798 4,301 6,207 8,554 5,340 7,714 
Over 60% but not over 80% silicon, not 
elsewhere classified: 
Argentina. 1.743 1.319 759 5,741 4,416 2,817 
Belgium-Luxembourg ----------- 17 13 53 EER "T on 
JJC ͤðͤ Vu wee Se 17.793 13,311 9,209 21,120 15,918 10.411 
Canada 8.652 6.564 5.096 12.877 9,812 6,590 
Chili ec . SS te: 1,068 822 598 ^ "DS E 
Faule é 575 440 492 413 317 393 
Germany, Federal Republic o- 968 121 1.401 1,079 802 1,575 
Iceland 2.582 1.937 1.259 5,295 4,011 2,229 
Israel lo gebr ee eee 4,327 3,245 1,919 
Nor eee eee 23,710 17,746 11,619 23,598 17,632 10,293 
Polen cum 799 589 372 CS Las Se 
Portugal 4.021 3,056 2,099 " 
South Africa, Republic of `... 1,382 1,079 796 4.144 3.168 2.076 
Sweden 111 83 111 EN EY me 
United Kingdom `... e "ME n 19 14 11 
Venezuela `... 25,377 19,074 10,046 20,768 15,302 9,297 
Yugoslavia... ek vt us "s 1,101 835 529 
Totalt ee 8 93,125 70,005 45,829 96,154 12,228 46,222 
Over 80% but not over 90% silicon 
Belgium-Luxembourg `... 16 69 59 19 17 16 
Brazil kes te as ete 220 187 158 498 422 312 
Canada ulcus mde aim 55 45 19 m EN PS 
Fan. Io ee es 38 32 23 NS 
Norway - ----------------- 441 383 203 358 315 132 
Spain’ oo omen E 231 206 156 m eus ee 
"Total! n sor eee a 1,063 923 619 815 154 460 
Over 90% but not over 96% silicon: 
Belgium-Luxembourg ----------- 38 36 33 z ss oe 
NET, TEE 20 20 11 ras I5 Bu 
Germany, Federal Republic of- me e SA 20 19 11 
f Ure e Mte 41 38 32 E co. B 
South Africa, Republic ot (?) (?) (3) ao m 
Total! o A 100 94 16 20 19 11 
Total ferrosilicon’. __.______ 143,651 96,027 72,874 155,421 102,656 74,019 
Silicon metal: 
Over 96% but not over 99% silicon 
Argentina. TN x 440 415 
FP! ees us Dave tad z - 55 48 
Canada nec aan c cerae 8,101 8,425 4,257 4,898 
France: uml ee eek 114 1 65 7 
JJ! .ͤ· AA oe nee 1,134 1,020 
Portugal ...— GE Se een 22 NA 15 za NA Sa 
South Africa, Republic of... 244 247 Se Pc 
„ ee rs ra oue dau ias 105 71 116 115 
Sweden ->> 8 ud 551 585 
Switzerland `, 37 29 19 15 
United Kingdom `... "n" SCH 36 37 
Vugosla via 8,130 3,219 2,680 2,412 
gy TEEN 6,753 NA 7,113 9,353 NA 9,684 
Over 99% but not over 99.7% silicon: 
Argentina `. 1,203 1,181 1,322 1,520 1,508 1,482 
Belgium-Luxembourg `... 115 1 103 18 18 1 
II! ³⁰ A Lb: 2.665 2,640 2,792 13,283 13,122 13,071 
Canadllaͥͥ8gqaaaaa lll 5,123 5,076 6,196 6,027 5,959 7,231 
China ace as AA 441 411 165 162 157 
Denmark 2) 2) us E 
France EES a 3,988 3,956 4,354 3,869 3,837 4,012 


See footnotes at end of table. 
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Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
by grade and country —Continued 
1984 1985 
ti Quantity 
Grade and country roue] tod) Value (short tons) Value 
(thou- (thou- 
Gross Silicon sands) Gross Silicon sands) 
weight content weight content 
Silicon metal —Continued 
Over 99% but not over 99.7% silicon — 
Continued 
Germany, Federal Republic o _ __ (*) CO $1 x 9 ae 
Italy- St st ee a $81 335 347 1,093 1087 $1,306 
— e e e E 1 Vë 
Portug 22222 887 880 990 6,596 6323 € 
South Africa, Republic ah 1,745 1,729 1,840 8,932 23,900 | 
Boa. ee ee kee 262 250 259 1,280 1.201 Al 
Sweden LLL LL Lll e n a 1,111 1,101 1,008 
Switzerland ~- --------------- Sé SN -- 151 K- ^. WW 
Venezuela `... Se i 20 ; 21 
Yugoslavis - - --------------- 172 166 118 884 od "^ Fae 
Total“ 17,588 17,408 19,361 41,563 41,128 42,964 
Over 99.796 silicon 
lgium-Luxembourg ----------- e Se 19 16 
JJ ED T 49 121 ati ae 
ini ec 8 35 398 1 5e 
Denmark V 2¹ 502 vi 12 
FP e 8 SS Sé 
France EE 22 370 5 501 
German Democratic Republic |... ($ 2 1 52 
Germany, Federal Republic op 618 21,608 508 21,565 
Hong J eel es Ee 5 NA 289 s NA e 
ee MEER 8 Cai] 8 Se ER 
Maly EE 93 8,547 80 3,353 
UNTER 84 1,952 144 3,023 
Korea, Republic oo * 8 a "^ 
Malaysia _______________-_-- 9 50 1 
Netherlands Spe eat (Or 2 
Sweden ~- ------------------- 4 37 Re E 
Switzerland _______________-- 9$ 57 13 640 
United Kingdom KÉ SSC * $ 
o 880 NA 28,907 885 NA 96,729 
Total silicon metall 26,221 XX 55,381 51,801 xx 83,367 


NA Not available. XX Not 


applicable. 
!Data may not add to totals shown because of independent rounding. 


Less than 1/2 unit. 
Source: Bureau of the Census. 


WORLD REVIEW 


World demand for silicon materials in- 
creased slightly compared with that of 1984, 
owing to only a small increase in production 
by the world iron and steel industry, the 
major consumer of ferrosilicon. Worldwide 
overcapacity made it difficult for producers 
to maintain profitability. European Eco- 
nomic Community (EEC) ferrosilicon pro- 
ducers met with EEC commission officials 
to discuss an increase in the low level of 
prices, set in 1983, of ferrosilicon delivered 
to the EEC border. Subsequently, the Com- 
mission began to monitor the ferrosilicon 
market and asked producers from countries 
accused of dumping in 1983 to provide 
details of all transactions in the EEC mar- 


ket since April 1985. If the non-EEC produc- 
ers do not agree to an increase of the 
minimum price set in 1983, the EEC would 


main beneficiary. 

Argentina.—A shipment amounting to 
about 4,400 tons of ferrosilicon produced by 
Industrias Siderurgicas Grassi S.A. was d 
livered to Japan in 1985, the largest 
ment ever of Argentine ferrosilicon to 
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country. The company owns a ferroalloy 
plant with an annual capacity of 11,000 
tons. 

Australia. — Pioneer Concrete Ltd. and 
French metals producer Pechiney agreed to 
set up a joint venture to build a silicon plant 
near Hobart, Tasmania. The new plant, 
estimated to cost 834 million, would be 60% 
owned by Pioneer with Pechiney holding 
the remainder and was expected to be 
completed by June 1987. The joint venture 
intends initially to build a single 18.5- 
megawatt submerged arc furnace, which 
will produce about 13,000 tons per year of 
salable alloy or chemical-grade silicon met- 
al, based on technology of Pechiney’s sub- 
sidiary Pechiney Electrometallurgie.“ 

Brazil.—Brazil announced that it plan- 
ned to triple its output of silicon ferroalloys 
by 1990 including ferrosilicon and silicon 
metal. Brazil’s aggressive expansion pro- 
gram coincides with diminishing capacity in 
the United States and Japan. However, 
worldwide overcapacity is still the main 
problem facing the world  ferroalloy 
industry.* 

Italmagnesio S.A. Indústria e Comércio 
planned to start silicon metal production by 
March 1986 by converting its 24-megavolt- 
ampere (MV*A) submerged arc furnace 
from ferrosilicon production. The furnace 
was scheduled for operation in January 
1986. Its monthly capacity for silicon metal 
production is rated at about 1,100 tons. 
Italmagnesio also planned to build a new 
13-MV*A furnace for silicon metal produc- 
tion. The unit was expected to be completed 
by June 1986. Ferro-Ligas Assofun S.A. 
began installation of an electric furnace for 
ferrosilicon production at its ferroalloy 
plant in Sâo Joas da Boa Vista, doubling 
capacity to about 15,000 tons per year. The 
company negotiated with Nippon Kokan 
and Mitsui Co. Ltd., with the aim of estab- 
lishing a joint venture to raise a part of the 
financing required for the construction. Cia. 
Brasileria Carbureto de Calcio (CBCC) con- 
verted one of its old 30-MV*A ferrosilicon 
furnaces to silicon metal production. CBCC 
brought a new 30-MV*A furnace on-stream 
about midyear for ferrosilicon production. 
Production for the new unit was expected to 
be about 20,000 tons per year. CBCC also 
signed a contract to supply Toyo Denka 
Kogyo Co. Ltd. with 5,000 tons per year of 
ferrosilicon. Eletrovale, a joint venture 60% 
owned by Cia. Vale do Rio Doce and Eletro- 
metalur S.A. Indústria e Comérico and 20% 
each by Kawasaki Steel Corp. and Mitsu- 
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bishi Corp., began construction of its 27,000- 
ton-per-year ferrosilicon plant. The facility 
was scheduled to come on-stream toward 
the end of 1986. Kawasaki Steel will take 
one-third of the plant's output. 

Eletrometalur and Ila og Lilleby Smelte- 
verker A/S of Norway formed a joint ven- 
ture to produce silicon metal in Brazil. Two 
14,000-kilowatt furnaces will be erected at 
Captain Eneas, Minas Gerais. The 20,000- 
ton-per-year operation was expected to 
come on-stream in mid-1987. Plant output 
will be for export. Alcan Alumínio do Brasil 
S.A. agreed to sell its ferroalloys division to 
Cia. Paulista de Ferro-Ligas. Alcan's prop- 
erties included two single-furnace oper- 
ations with a total capacity of about 19,000 
tons per year of 75% ferrosilicon. A third 
facility produces  silicomanganese. All 
plants are in Minas Gerais. Cia. de Ferro- 
Ligas Minas Gerais brought on-stream a 15- 
MeVA furnace in August, increasing its 
ferrosilicon capacity from 26,000 tons per 
year to 40,000 tons of 75% material. Cia. de 
Ferro-Ligas da Bahia S.A. planned to re- 
sume ferrosilicon production by building 
three 13,000-ton-per-year furnaces in Salva- 
dor, Brazil. The first furnace was scheduled 
for completion in December. 

Mineracoes Brasileiras Reunidas S.A.'s (a 
Brazilian iron ore producer) plans to build 
two 15,000-kilovolt-ampere (kV*A) electric 
furnaces in Pirapora were approved by 
Conselho de Nao-Ferrosos e de Siderurgia 
(CONSIDER). The $23 million ferrosilicon 
plant was to have a capacity to produce 
about 26,000 tons of ferrosilicon per year. 
Brazil's Interior Minister approved new in- 
vestment in the Inoculantes e Ferro-Ligas 
Nipo Brasileiros S.A. (INONIBRAS) ferro- 
silicon project. INONIBRAS planned to in- 
crease capacity from 7,000 tons per year to 
29,000 tons. Osaka Special Alloy Ltd. holds 
a 30% share in the company, whose smelter 
is in Mato Grosso State. 

France.—Pechiney Electrometallurgie, a 
subsidiary of Pechiney, planned to increase 
silicon metal capacity by about 14,000 tons 
per year by switching a ferrosilicon alloy 
unit to silicon metal production at its An- 
glefort plant. The new capacity was ex- 
pected to come on-line in early 1986. Pechi- 
ney, the parent company, already has about 
83,000 tons of silicon metal capacity. The 
conversion was made because the market 
outlook was more promising for silicon met- 
al than for ferrosilicon. In the fourth quar- 
ter, Pechiney announced cutbacks in ferro- 
silicon production, owing to world overca- 
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pacity and low prices, and in silicon metal 
production, owing to some weakening in 
demand.* 

Iceland.—Icelandic Alloys Ltd.’s produc- 
tion of ferrosilicon dropped below 1984 lev- 
els owing to a 7-week shutdown of one of its 
35,000-kV*A electric furnaces. The plant 
operated at full capacity in 1984. Financial 
restructuring of the company to reduce 
long-term debt was also completed in 1984. 
Icelandic Alloys also obtained long-term 
sales guarantees from Elkem A/S, Norway, 
and Sumitomo Corp. Japan, which will 
provide good plant utilization in years of 
poor demand for ferrosilicon. Construction 
of the 25,000-ton-per-year silicon metal 
plant at Reydarsjordur has been delayed 
until 1986.* 

India.—A letter of intent to produce 2,700 
tons per year of silicon metal was issued by 
the Indian Government to Ispat Alloys Ltd., 
Balasore, Orissa State. Indian Metals and 
Ferro Alloys Ltd., Rupali, Orissa, is the only 
other current producer of silicon metal, 
with a capacity of 5,500 tons per year. The 
plant output will go to the semiconductor 
industry and to the aluminum industry as 
an additive in aluminum alloys.” 

Italy.—Industria Elettrica (INDEL) plan- 
ned to install a new 24-MV*A electric fur- 
nace for silicon metal production at its 
Ospitale di Cadore facility by yearend. The 
expansion will raise INDEL'S capacity to 
about 31,000 tons per year from a current 
level of about 19,000 tons. All of the new 
output was destined for export. INDEL was 
also producing 22,000 tons per year of 75% 
ferrosilicon at its Domodossala plant.* 

Japan.—Japan's cabinet approved a plan 
drafted by its Ministry of International 
Trade and Industry (MITD to offer domestic 
ferrosilicon, ferrochromium, and ferronick- 
el producers financial support in exchange 
for scrapping or mothballing plant capacity 
by March 31, 1987. MITI expected most 
ferrosilicon producers to accept this offer. 
MITI promised producers who comply with 
the law on "Extraordinary Measures for 
Depressed Industries" that they will be 
exempted from having to pay any or most of 
their fixed property taxes. MITI said these 
measures were necessary to offset major 
inroads by foreign ferroalloys producers 
whose power costs are much below that of 
Japanese producers. Japan's ferrosilicon in- 
dustry has operated at below 50% of its 
rated capacity owing to the effect of foreign 
imports. The ferrosilicon companies partici- 
pating in the plan include Denki Kagaku 
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Kogyo Kabushiki Co. Ltd., Ibiden Co. Ltd., 
Japan Metals and Chemical Co. Ltd., Toyo 
Denka, and Ube Denki Kagaku Co. Ltd. 
Some plants are expected to be mothballed 
totally, while others would eliminate one or 
more furnaces.* 

Japan imported about 113,000 tons of 
metallurgical-grade silicon metal in 1985, 
an increase of about 20%, compared with 
that of 1984. Ferrosilicon imports amounted 
to approximately 338,000 tons, about a 10% 
decrease, compared with those of 1984. Pro- 
duction of polycrystalline silicon for the 
Japanese semiconductor industry was about 
1,600 tons, an increase of slightly over 60%, 
compared with that of 1984.19 

Showa Denko K.K. planned to begin pro- 
duction of silicon wafers in 1986. A new $91 
million facility was to be built in Chichibu 
City, Saitama Prefecture, north of Tokyo. 
The company will use a new magnetic 
crystallization process developed by Sony 
Corp. to produce 6-inch wafers. Nippon 
Kokan, Japan's second largest steelmaker, 
planned to go into the manufacture of 
silicon wafers in Japan. The company 
purchased technology for production of 
polycrystalline silicon from GE. Toyo Soda 
Manufacturing Co. signed an agreement 
with Siltec Corp., United States, for a joint 
venture to produce silicon wafers for the 
Japanese semiconductor market. Wacker- 
Chemie GmbH planned to build a silicon 
rubber compound resin plant at the site of 
its technical laboratories in Daito Town, 
Shizuoka. 

Norway.—Loss of ferrosilicon production 
owing to furnace breakdowns was experi- 
enced by Finnfjord Smelteverk A/S, Orkla 
Metal A/S, and Hafslund A/S early in 1985. 
Loss of silicon metal production was re- 
ported by Elkem A/S, owing to a furnace 
breakdown in October at its Fiskaa works. 

Hafslund began construction of an 11,000- 
ton-per-year metal powder plant at its 
Sarpsborg ferrosilicon facility. The plant, 
scheduled to come on-line early in 1986, 
would produce high-quality metal powders 
by water atomization. Products would in- 
clude fine-grained 15% ferrosilicon for 
heavy-medium separation of ores and scrap. 

Elkem became sole owner of Elkem Met- 
als Co., United States, and Elkem Metals 
Canada Inc. Elkem also acquired a 20% 
share in Officine Elettrochimiche Trentine 
S.p.A. (OET), Italy, a ferroalloys producer. 
Additionally, Elkem undertook to market 
all of OET's products outside Italy. OET 
makes various specialized, highly refined 
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alloys such as magnesium ferrosilicon, high- 
purity ferrosilicon, and calcium silicon, 
among others. Orkla Industrier A/S acquir- 
ed a 51% interest in Bjoelvefossen A/S, a 
ferrosilicon producer. Tinfoss Jernverk A/S 
planned to convert its two 12,000-kV*A 
ferrosilicon furnaces to silicon metal pro- 
duction, one by July and the other by 
February 1986. 

In December, Elkem announced plans to 
buy Orkla Industrier’s 50% share of Orkla 
Metal’s ferrosilicon plant in Thamshavn 
and its 51% share in Bjoelvefossen. Elkem 
also began negotiating with a third Norwe- 
gian ferroalloy producer, Tinfoss Jernverk, 
with the aim to establish a close working 
agreement in the areas of technology and 
marketing. With this consolidation of the 
Norwegian ferrosilicon industry, Elkem 
would effectively control about 386,000 tons 
per year of Norwegian ferroalloy capacity 
and about 110,000 tons per year of US. 
production through its U.S. subsidiary Elk- 
em Metals. Additionally, Elkem holds a 
30% interest in and an exclusive marketing 
agreement with Icelandic Alloys." 

In October, Norway’s Finance Minister 
proposed an increase in the electricity tax 
to be applied to all consumers at a uniform 
rate, from 0.37 cent to 0.89 cent per kilowatt 
hour, effective in 1986. Norwegian ferrosili- 
con producers had sought some reduction in 
the electricity tax because of the depressed 
state of the ferrosilicon market. 

Pakistan.—Saadi Ferroalloys Inc. plan- 
ned to set up a plant to produce about 
16,000 tons per year of 75% ferrosilicon. 
The new facility will be built in the North- 
West Frontier Province in the Hazera 
District. 

South Africa, Republic of. Silicon 
Smelters Ltd., a subsidiary of South African 
Manganese Amcor Ltd., planned to expand 
silicon metal production by about 26,000 
tons at its Witkop plant in Transvaal, over a 
period of 4 years. A new 13,000-ton-per-year 
furnace was expected to come on-line in 
1987, with a second furnace scheduled for 
installation 2 years later. The company’s 
expansion plans were based on forecasts of 
high growth in demand for silicon metal by 
the chemical industry and a more moderate 
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increase in consumption by the secondary 
aluminum sector.“ 

Electricity costs for ferroalloys producers 
in the Republic of South Africa were raised 
by 10% on September 1, bringing the total 
increase for the year to 15%. 

Spain.—Sociedad Española de Carburos 
Metálicos S.A. planned to invest about $19 
million in the construction of a hydroelec- 
tric project at Santa Eugenia in Galicia. The 
company expected to improve its power 
consumption efficiency by this undertaking. 
Carburos Metálicos produces 75% ferrosili- 
con and other ferroalloys.'* The Asociación 
Técnica Espanola de Fundición requested 
that a special quota be set up for the duty- 
free import of about 2,600 tons of magne- 
sium ferrosilicon. 

Sweden.—Uddevalla Kiselmetalverk AB, 
a joint venture formed by HB-Consult and 
Skanska Cement, planned to build a 33,000- 
ton-per-year silicon metal plant in Uddeval- 
la. The plant was scheduled to come on- 
stream in early 1988. The facility's overall 
production costs were expected to be low 
since waste heat from the furnaces will be 
purchased by the Uddevalla'a district heat- 
ing system.“ 

Malmo Industrikombinat AB, also jointly 
owned by HB-Consult and Skanska Cement, 
planned to build a 55,000-ton-per-year ferro- 
silicon plant at Swede Harbour, Malmo. 
Construction was scheduled to begin in 
April 1986, with startup of the plant plan- 
ned for 1988. Power costs for the facility will 
be partially offset by the sale of waste heat 
from the furnaces to the Malmo munici- 
pality.*¢ 

Venezuela.—C.V.G. Ferrosilicio de Vene- 
zuela C.A.'s (FESILVEN) output of ferrosili- 
con reportedly was expected to be about 
54,000 tons in 1985, compared with about 
42,000 tons in 1984. FESILVEN’s produc- 
tion fell to a very low level in the first half 
of 1984 owing to an explosion in one of the 
company’s two furnaces, which put the 
plant out of operation for several weeks. 
The company has a nominal capacity of 
about 60,000 tons of ferrosilicon per year, 
most of which is exported to Europe, Japan, 
and the United States. 


TECHNOLOGY 


Advanced ceramics, such as silicon car- 
bide, silicon nitride, and sialon (a mixture of 
alumina and silicon nitride) are attractive 
because of their unusual resistance to heat, 
corrosion, and abrasion and wear. These 


high-performance materials have great po- 
tential, provided researchers can learn to 
design and manufacture ceramic parts in 
intricate shapes that are less brittle than 
the materials available now. Advanced ce- 
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ramic materials are unreliable under stress. 

U.S. companies such as Air Products & 
Chemicals Inc., ARCO Chemical Co., Dow 
Chemical Co., Dow Corning Corp., E. I. 
duPont de Nemours & Co. Inc., GE, W. R. 
Grace & Co., Koppers Inc., and Sohio Engi- 
neered Materials among others are all ex- 
panding the scope of their ceramic pro- 
grams. Norton Co. and TRW Inc. formed a 
joint venture, Norton/TRW Ceramics Inc., 
in October 1985. The new company was 
formed to develop wear-resistant and hot- 
section parts for aerospace gas-turbine, ro- 
tary, and reciprocating engines that can 
run at much higher temperatures than 
metal engine parts can withstand. Heat 
engines with ceramic parts would be ex- 
pected to offer substantial energy savings 
while also reducing automobile emissions. 

Sohio Engineered Materials, a division of 
Sohio Inc., makes a variety of silicon car- 
bide parts including mechanical seals, blast 
nozzles, fluid control nozzles, semiconductor 
hardware, and tubing for heat exchangers. 
General Motors’ Allison Turbine Div., un- 
der a contract signed with the National 
Aeronautics and Space Administration’s 
(NASA) Lewis Research Center, Cleveland, 
OH, is developing a nondestructive, pho- 
toacoustic spectroscopy technique to distin- 
guish surface and near-surface ceramic 
flaws in the 50- to 100-micrometer range. 
Oak Ridge National Laboratory (ORNL) 
planned to build a $9.3 million laboratory 
for high-temperature-materials research. 
The facility’s mission will be to develop 
ceramics that allow transportation and en- 
ergy generating equipment to run more 
efficiently at high temperatures. AiRe- 
search Casting Co. and Garrett Turbine 
Engine Co., units of Garrett Corp., received 
a $1.7 million ceramic materials research 
and development contract by NASA’s Lewis 
Research Center. The NASA contract is the 
result of AiResearch’s past and current 
fabrication of experimental high-technology 
ceramics of silicon nitride. Cabot Corp., 
Boston, MA, signed a letter of intent to 
purchase the ceramics unit of Augat Inc., 
Attleboro, MA. Augat produces ceramic 
packages for integrated circuit computer 
chips.'* 

Composite materials are coming under 
intense investigation in response to materi- 
al requirements for advanced aerospace sys- 
tems. For high-temperature applications, 
research efforts include work on ceramic 
matrix composites (CMC) and metal matrix 
composites (MMC). The main purpose of 
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fiber reinforcement for MMC is to achieve 
high-temperature strength-to-density prop- 
erties greater than those for superalloys. 
For the CMC, the fibers are introduced 
mainly to yield lightweight ceramic materi- 
als with greater toughness and reliability 
than conventional monolithic structural ce- 
ramics. A wide variety of silicon carbide 
reinforcements are available. However, 
evaluation studies by scientists at NASA's 
Lewis Research Center indicate that avail- 
able commercial fibers do not meet all the 
necessary property requirements for provid- 
ing MMC and CMC with high strength and 
toughness. Fiber research and development 
efforts are expected to overcome these limi- 
tations. Silicon carbide is available in the 
form of continuous fibers, short fibers, 
whiskers, and particles. Silicon carbide in 
the form of whiskers, short fibers, and 
particles is being used as a reinforcement of 
mainly aluminum and its alloys. 

Two primary obstacles to achieving CMC 
with optimum microstructures are the de- 
velopment of high-strength, high-modulus, 
small-diameter continuous fibers whose me- 
chanical properties are not drastically de- 
graded by CMC processing or use conditions 
and net shape composite processing meth- 
ods, that result in uniform microstructure 
of nondegraded aligned fibers surrounded 
by low porosity matrices. Major emphasis is 
being placed on silicon-carbide-based fibers. 
A recently developed CMC approach that 
shows promise for yielding high-temper- 
ature composites with good toughness and 
strength is the formation of reaction-bonded 
silicon nitride matrices reinforced by silicon 
carbide fibers produced by chemical vapor 
deposition. 

Dow Corning is the prime contractor in a 
$22 million Defense Advanced Project Re- 
search Agency aimed at developing high- 
temperature ceramic fibers made of silicon 
carbide and ceramic composites that can 
withstand temperatures in the range of 
from 1,200° C to 1,400° C. Several years of 
research conducted by the U.S. Air Force 
Aeronautical Systems Division’s Flight Dy- 
namics Laboratory, Wright-Patterson Air 
Force Base, and LTV Corp. s Aerospace and 
Defense Division resulted in a successful 
test firing of a solid rocket motor with a 
case made of the metal matrix materials, 
silicon carbide and aluminum. The Air 
Force is interested in the possibility of 
replacing the typical aluminum rocket mo- 
tor casing with another material, mainly to 
achieve weight savings. Large ceramic com- 
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posite panels of silicon carbide reinforced 
with silicon carbide fibers will be used for 
the heat shield on France’s aerospace shut- 
tle. The composite is able to withstand rapid 
temperature changes far in excess of what 
either component can tolerate separately. 
Photovoltaic systems (solar cells) have not 
reached the stage of development where 
they are cost competitive with fossil-fuel 
electric generating plants. Single-crystal sil- 
icon, a costly material, is the dominant 
material from which solar cells are made. 
Scientists are showing increased interest in 
amorphous silicon, which can be produced 
at a much lower price than single-crystal 
silicon, as an alternative in the manufac- 
ture of solar cells. To make amorphous 
silicon solar cells, very thin films of amor- 
phous silicon are deposited on stainless 
stee] or glass substrates. Although amor- 
phous silicon solar cells are less efficient 
than single-crystal cells, they are much less 
expensive and easier to mass produce. 
Sovonics Solar Systems, a joint venture 
partnership of Energy Conversion Devices 
(ECD), Troy, MI, and Standard Oil Co. of 
Ohio, reported having achieved an energy 
conversion efficiency of 12.2% in the labora- 
tory for its amorphous silicon cells. So- 
vonics’ cells consist of three extremely thin, 
vertically stacked subcells, each of which is 
sensitive to a different color in the spec- 
trum. Sandia Base Laboratories, Albu- 
querque, NM, developed a process that in- 
creases the electrical efficiency of polycrys- 
talline silicon to 14.5% by exposing the 
material to a beam of hydrogen ions in a 
vacuum chamber. Mobil Solar Energy 
Corp., Waltham, MA, and Solavolt-Motorola 
Inc., Phoenix, AZ, are currently developing 
prototype solar cells using the hydrogen- 
treated polycrystalline material. Southern 
Co., an electric utilities company based in 
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Atlanta, GA, invested $6.1 million for an 
85% share in a new solar cell manufactur- 
ing plant in Birmingham, AL. The plant 
will be jointly owned with Chronar Corp., 
Lawrenceville, NJ, a maker of amorphous 
silicon cells.?! 

Union Carbide’s new technology to make 
polycrystalline silicon employs silane (SiH,) 
as an intermediate product instead of tri- 
chlorosilane (HSiCl;), which is used in the 
conventional process. In Union Carbide’s 
process, silicon tetrachloride (SiCl,) is hy- 
drogenated to trichlorosilane in a fluidized 
bed of metallurgical silicon at 932° F and 
515 pounds per square inch, followed by 
catalytic conversion into silane. The silane 


is then pyrolyzed, yielding very-high-purity 
polycrystalline silicon. 
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Silver 


By Robert G. Reese, Jr. 


Domestic mine production of silver de- 
clined in 1985 as the silver price continued 
the downward trend begun in 1983, and 
mining companies emphasized financial re- 
sults improvement. Exploration declined 
except at those prospects that contained 
gold as the main product. Correspondingly, 
most new silver production was from new 
gold mines with byproduct silver. World 
mine output of silver was unchanged, owing 
in part to production from new mines, to 
enhanced mining profits brought about by 
currency devaluations relative to the U.S. 
dollar, and to the need by some silver 
exporting countries to earn foreign ex- 


change. 

U.S. silver consumption remained at 
about the same level as in 1984 and 1983. 
Silver consumption by all market economy 
countries was estimated to have increased 
by 11 million ounces.” 

Domestic Data Coverage.—Domestic 
mine production data for silver are devel- 
oped by the Bureau of Mines from four 
separate voluntary surveys of U.S. oper- 
ations. Typical of these surveys was the 
lode-mine production survey of gold, silver, 
copper, lead, and zinc. Of the 140 lode silver 
operations to which a survey form was sent, 
87% responded, representing 97% of the 


Table 1.—Salient silver statistics 


1981 1982 1983 1984 1985 
United States: 
Mine production thousand troy ounces_ . 40,683 40,248 143.431 744.592 39.357 
LAC EP Se thousands. . $427,922 $319,975 "$496,850 "$362,976 $241,653 
Percentage derived from: 
Precious metals ores_ . _-.—------------—- 54 68 76 80 70 
Base metal ore 46 32 24 20 30 
FFC oe uem ah es al, (3) (1) (è) NM (3) 
Refinery production: 
Domestic and foreign ores and concentrates 
thousand troy ounces... 47,007 44,170 50,450 750.019 45,609 
E Secondary (old scrap) ~--~- ---------- do... 39,067 27,171 25,549 24,070 24,285 
x porta: 
Refined RE do- 15.131 12,876 13.658 10.340 12.611 
Others ceo ene es ere te cans, do- 12.772 12,594 18,294 14,108 12,145 
Imports for consumption: 
Refined `. ------------------ do- 75.921 96.917 161.199 93.546 137,398 
Other- ore enu 8 atr 18,194 20,541 18,692 21,420 15,204 
Stocks, Dec. 31 
Industry - - ------------------—- do- 20.875 20.467 17.536 21.173 17.136 
Futures erchangeg LLL Llc lc. do- 96,511 106,182 151,232 137,631 173,144 
Consumption: 
Industry and the arte do- 116,670 118,840 116,464 114,841 118,559 
Coinage ----------- -=-= da- 179 1.846 2.128 2,665 355 
Price, average per troy ounce? ________________ $10.52 $7.95 $11.44 $8.14 $6.14 
Employment!!! 3,600 2,900 2,400 2,600 P3.000 
World: 
Mine production thousand troy ounces... 361.617 382,969 392,054 P415,239 412,273 
Consumption:* 
Industry and the arts do. ... 44.000 "351,800 349.600 362.900 873,900 
nnr... 8 do. 9,000 12,800 719,600 "8,100 8,100 


*Estimated.  PPreliminary. "Revised. 

Less than 1/2 unit. 

?Handy & Harman. 

Mine Safety and Health Administration. 

*Market economy countries only. Source: Handy & Harman. 
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total U.S. mine production shown in tables 
1, 2, 3, 5, 6, and 7. Production for the 
remaining 18 firms was estimated using 
prior reported production levels adjusted 
for economic trends and for information 
from other sources, such as company annu- 
al reports, news or journal articles, or State 
agency reports. 

Legislation and Government Pro- 
grams.—On July 8, the President approved 
National Security Council (NSC) recommen- 
dations for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, 
silver would be categorized in tier II, and 
the goal would be 87.5 million ounces. At 
yearend, this proposal was under consid- 
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eration by the Congress. The Department of 
Defense Authorization Act, 1986 (Public 
Law 99-145) signed by the President on 
November 8, 1985, stated that no action 
may be taken before October 1, 1986, to 
implement or administer any reduction in a 
Stockpile goal in effect on October 1, 1984. 

On July 9, the President signed Public 
Law 99-61, the Statue of Liberty-Ellis Island 
Commemorative Coin Act, authorizing the 
U.S. Mint to produce 500,000 gold, 10 mil- 
lion silver, and 25 million cupronickel coins 
commemorating the centennial of the Stat- 
ue of Liberty. Each silver coin would con- 
tain 0.77 ounce of silver. Title III of Public 
Law 99-61 authorized the production of a 
silver bullion coin upon completion of the 
Statue of Liberty coin program. The bullion 
coin would have a $1.00 face value, contain 
] ounce of 999 fine silver, and be produced 
in quantities sufficient to meet demand. 
Silver for both the Statue of Liberty coin 
program and the bullion coin program was 
to be obtained from the silver held in the 
National Defense Stockpile. 


DOMESTIC PRODUCTION 


Silver production was reported at 113 
mines, including 12 placer operations. Sil- 
ver was produced from precious metal ores 
at 71 mines while 30 mines produced silver 
as a byproduct of the processing of copper, 
lead, and zinc ores. The 25 largest mines 
accounted for 95% of total domestic mine 
output. In 1985, 10 mines each produced 
more than 1 million ounces of silver, which 
when aggregated equaled 76% of the total 
domestic production. 

For the past several years, the mining 
industry's emphasis regarding silver has 
been on the discovery and development of 
new deposits, owing in part to the historic 
high silver price in 1979-80, and to the 
relative strength of the silver price when 
compared with the prices of base metals 
such as copper, lead, and zinc. However, 
1985 was a year of change for the domestic 
Silver mining industry. As the silver price 
continued the decline begun in 1983, and 
the silver market remained oversupplied, 
return-on-investment became the main con- 
cern at many silver producing operations. 
Many companies reduced their exploration 
activities during 1985, especially at those 
byproduct silver projects that did not have 
gold as the main product. Labor conces- 
sions, both in terms of wages and job con- 
tent, along with operational and organiza- 


tional changes to improve productivity were 
used at a number of mines to reduce oper- 
ating costs and improve profitability. Other 
companies reduced or eliminated the book 
value of unprofitable mining assets, or tem- 
porarily closed mines, or gave the owner- 
ship of mining assets to their shareholders 
through the creation of new companies in 
order to improve their operating results. 
Battle Mountain Gold Co. was created in 
1985 by Pennzoil Co. as a means of transfer- 
ring ownership of Pennzoil's mining activi- 
ties to its shareholders, who could if desired 
use the stock market to dispose of their 
interest in these mining assets while main- 
taining their interest in Pennzoil's other 
assets. Included in Battle Mountain were 
substantially all of the domestic gold and 
silver mining and milling operations of 
Pennzoil’s Duval Corp. subsidiary, and 
Pennzoil’s interest in various domestic and 
Australian exploration and development ac- 
tivities. Pennzoil’s Board of Directors ap- 
proved the tax-free distribution of Battle 
Mountain's stock to Pennzoil shareholders 
on June 11. On August 2, each Pennzoil 
shareholder received one share of Battle 
Mountain common stock for each Pennzoil 
share held, at which time Battle Mountain 
became a separate publicly held corp- 
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oration. 

Similarly, Amoco Corp. gave the owner - 
ship of its mining subsidiary, Amoco Miner- 
als Co., to its shareholders on July 1. Each 
Amoco Corp. shareholder of record on June 
19 received 1 share of the new company, 
Cyprus Minerals Co., for each 10 shares of 
Amoco Corp. stock held. In 1985, Cyprus 
Minerals produced 625,000 ounces of silver, 
primarily from its Bagdad and Thompson 
Creek Mines.? 

St. Joe Minerals Corp., a subsidiary of 
Fluor Corp., transferred all of its domestic, 
Chilean, and Canadian precious metal as- 
sets to a new subsidiary, St. Joe Gold Corp., 
in November. St. Joe Minerals planned an 
initial public offering equivalent to 6% to 
10% of the common stock in St. Joe Gold 
near yearend. In  mid-1985, Freeport- 
McMoRan Inc. publicly sold common stock 
equivalent to about 11% of the ownership of 
its Freeport-McMoRan Gold Co. subsidiary. 

Alaska.—Commercial production began 
at the Grant Mine in November. Joint 
developers of the gold-silver operation were 
Silverado Mines Ltd., Aurex Inc., and Tri- 
Con Mining Inc. with holdings of 55%, 40%, 
and 5%, respectively. A 230-short-ton-per- 
day mill at thé mine recovered precious 
metals using flotation and cyanidation. Re- 
serves were estimated at 591,000 short tons 

grading 0.61 ounce of gold per ton. In late 
December, the mine temporarily closed, 
reportedly because of lower than expected 
operating results. 

The Alaska State Legislature passed a 
measure allowing the Alaska Industrial 
Development Authority to issue up to $175 
million worth of bonds to provide funds for 
construction of port facilities on the Chuk- 
chi Sea and a road from the port to the Red 
Dog lead-zinc-silver deposit. Federal legisla- 
tion was enacted in October allowing the 
road to be constructed through the Cape 
Krusenstern National Monument. 

An informal survey of Alaskan silver 
producers by the Alaska State Division of 
Geological Geophysical Survey indicated 
that 28,500 ounces of silver was produced in 
Alaska during the year, compared with 
about 5,000 ounces reported to the Bureau 

of Mines on a voluntary basis by producers. 

Arizona.—Cyprus Minerals reduced the 
book value of the Bagdad Mine, a copper- 
molybdenum-silver-gold operation, by 
$194.8 million to $189.2 million. Low metal 
prices and an unfavorable finding in a study 
of Cyprus Minerals’ ability to recover the 

carried value of its Bagdad investment were 
cited as the reasons for writing-down 
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Bagdad’s book value. The Bagdad Mine 
achieved full production in January 1985 
following a 9-month closure in 1984 during 
which operating costs at the mine were 
reduced. 

In September, AS ARCO Incorporated 
acquired the Pima Mine, a copper- silver 
producer, from Cyprus Pima Mining Co., for 
$12.5 million payable over a 10-year period. 
The Pima Mine operated in the same pit as 
Asarco's Mission, Eisenhower, and San 
Xavier Mines. Acquisition of Pima resulted 
in a near 30-million-ton reserve increase at 
the Mission complex, to over 286 million 
tons with an average grade of 0.62% copper 
and 0.13 ounce of silver per ton. The acquisi- 
tion was expected to allow more efficient 
operations in the pit. Asarco reported that 
its 1985 share of silver production from the 
Mission complex was 1.07 million ounces 
contained in concentrates.* 

In November, all remaining operations 
at the Twin Buttes Mine were terminat- 
ed. About 160 employees were affected. 
Anamax Mining Co., operator of the copper- 
silver-molybdenum mine, had halted min- 
ing operations in January 1983, but had 
continued to operate a copper oxide leach 
plant on the property. The last reported 
silver production for Twin Buttes was 
392,000 ounces in 1983.* 

Colorado.—Homestake Mining Co. tem- 
porarily closed the Bulldog Mine on Janu- 
ary 29, 1985, owing to depressed silver 
prices. In 1984, the silver-lead mine was 
Colorado's largest silver producer. Although 
mine operations remained suspended 
throughout the remainder of the year, the 
carbon-in-pulp plant continued to operate, 
recovering gold and silver from loaded car- 
bon from the Homestake Mine in South 
Dakota. It was estimated that 90 employees 
were affected by the closure. 

Standard Metals Corp. closed the Sunny- 
side Mine during the first quarter of 1985. 
Low gold and silver prices were cited as the 
primary reasons for the closure. Sunnyside 
was the second largest silver producing 
operation in Colorado in 1984. Standard 
Metals, operating under Chapter 11 of the 
Federal Bankruptcy Code, agreed to sell the 
Sunnyside Mine to Echo Bay Mines Ltd. for 
$20 million plus other interests. Following 
approval of the sale by the U.S. Bankruptcy 
Court for the District of Colorado in late 
October, Echo Bay acquired the mine in 

November. Echo Bay subsequently began to 
refurbish the mine for a planned mid-1986 
reopening. 

Leadvile Corp. assumed the costs of 
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maintaining the Sherman Mine on Febru- 
ary 1, 1985, as stipulated in the 1984 agree- 
ment between Hecla Mining Co. and Lead- 
ville, which allows Leadville to purchase 
Hecla’s 50-year operating lease of the mine 
for $1.5 million. Hecla subsequently extend- 
ed the deadline for payment of the $1.5 
million from December 31, 1985, to June 30, 
1986. The Sherman Mine remained closed 
throughout 1985. 

Asarco reported that 344,000 ounces of 
silver in concentrate was produced at its 
Leadville Unit.* In 1984, 363,000 ounces was 
produced. 

Idaho.—In July 1985, NERCO DeLamar 
Co., a subsidiary of NERCO Inc., acquired 
Superior Oil Co.’s 47.5% interest in the 
DeLamar Mine, giving NERCO total owner- 
ship. Mine production at DeLamar was 
1,557,000 ounces of silver and 28,000 ounces 
of gold.“ Reserves at DeLamar were increas- 
ed through exploration to 11.09 million tons 
grading 1.84 ounces of silver and 0.23 ounce 
of gold per ton. 

At the Lucky Friday Mine, a record high 
276,817 tons of ore was milled during 1985, 
compared with 257,315 tons in 1984.* Silver 
production was 4,740,971 ounces in 1985, a 
decrease of nearly 55,000 ounces from pro- 
duction in 1984. Despite the drop in silver 
output, productivity increased by 2096, ow- 
ing in part to reduced employment and to 
mine and mill improvements. Hecla began 
testing a new mechanized mining method at 
Lucky Friday, which, if successful, should 
result in improved mine efficiency and safe- 
ty. 
Sunshine Mining Co. announced in Janu- 
ary the closure of some low-grade stopes at 
the Sunshine Mine. An estimated 35 em- 
ployees were affected by the decision. Pro- 
duction at the Sunshine Mine was 4,714,403 
ounces of silver from 218,496 tons of ore, 
compared with 4,808,072 ounces in 1984.* 
Exploration and development activities con- 
tinued in 1985, although at a lower rate 
than in previous years, owing in part to the 
lower silver price. 

At Sunshine's refinery, 3,034,256 ounces 
of silver and 21,384 ounces of gold were 
produced from concentrates from the Sun- 
shine and Sixteen-to-One Mines.'* On De- 
cember 13, Sunshine acquired the refining 
and minting equipment of Tentex Inc., a 
California-based precious metals reclama- 
tion and custom minting operation. Sun- 
shine planned to move this equipment to 
Idaho. With this purchase, Sunshine com- 
pleted the vertical integration of its pre- 
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cious metals operations, and thus could 
control its silver production from the min- 
ing of ore to the minting of bullion coins. 
Sunshine Bullion Co., a Sunshine subsid- 
iary, reported sales of 4 million ounces of 
silver to the public in the form of bullion 
coins, bullion bars, and jewelry. 

Bunker Limited Partnership closed some 
marginal underground workings at the 
Crescent Mine during the first quarter of 
1985. At the Coeur Mine, Asarco reported 
the production of 2.6 million ounces of silver 
in concentrate, compared with 2.5 million 
ounces in 1984. At the Clayton Mine, 
261,931 ounces of silver was recovered from 
102,258 tons of ore in 1985, an increase of 
over 42,000 ounces from that of 1984. Silver 
production at the Galena Mine, operated by 
Asarco, declined in 1985 to 4.1 million 
ounces in concentrate from 4.2 million 
ounces in 1984. 

Missouri.—Ore production at the Buick 
lead-zinc-silver mine improved from 1.5 mil- 
lion tons to about 2.3 million tons mined 
and milled in 1985. The production increase 
was the result of an agreement that ended a 
strike lasting from May 31 to December 29, 
1984, by the mine’s unionized workers. A 
significant reduction in Buick’s reserves 
followed a decision by AMAX Inc., the mine 
operator, to revise Buick’s mining plans. 
Reserves were reduced to 20 million tons, 
grading 8.0% lead and 2.2% zinc, from 36.1 
million tons, grading 5.6% lead and 1.4% 
zinc.!! 

A record high 1.15 million tons of ore was 
produced at the Magmont Mine, a lead-zinc- 
silver operation, during 1985.!* Productivity 
improved to 26.9 tons per worker shift 
owing to increased mining efficiency and 
increased mill throughput following re- 
placement of the original flotation cells 
with large-volume cells. 

Production began at Asarco's West Fork 
lead-zinc-silver mine in September. The 
mine was operating at about 40% of capaci- 
ty by yearend. Reported production for the 
year was 2,000 ounces of silver, 3,900 tons of 
lead, and 100 tons of zinc, in concentrate. 

Montana.—Pegasus Gold Inc. acquired 
Wharf Resources Ltd.'s interest in the Lan- 
dusky Mine for cash and warrants to pur- 
chase common shares in Pegasus. The 
transaction gave Pegasus total ownership of 
the gold-silver mine, which prior to the 
acquisition Pegasus had operated under a 
lease from Wharf. There was no production 
at Landusky in 1985 because of extensive 
planning required following the discovery 
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and acquisition of substantial new reserves 
in 1984. 

At the Zortman Mine, Pegasus preduced 
157,500 ounces of silver and 60,400 ounces of 
gold.“ On March 20, Pegasus reached an 
agreement, subject to Gold Reserve Corp. 
shareholder approval, to acquire Gold Re- 
serve's interest in the Zortman Mine in 
exchange for Pegasus’ common shares. The 
agreement, if approved by Gold Reserve 
shareholders in 1986, would give Pegasus 
total ownership and control of the property. 

Asarco reported that 3.6 million ounces of 
silver in concentrate was produced at the 
Troy Mine compared with 4.3 million 
ounces in 1984. 

Nevada.—Production resumed at the 
Buckhorn Mine in March following a 
4-month shutdown to modernize the ore 
handling and crushing facilities. The proj- 
ect increased capacity by 30%. In 1985, 
600,000 tons of ore was milled to produce 
over 100,000 ounces of silver, compared with 
10,000 ounces of silver from 194,000 tons of 
ore in 1984. Employment at the mine in- 
creased from 36 at yearend 1984 to 66 at 
yearend 1985.15 

At the Fortitude Mine, 222,000 ounces of 
gold and 647,000 ounces of silver were 
produced.“ The drilling program on the 
property resulted in an 18% increase in 
reserves. Reserves at Fortitude contain an 
estimated 1.6 million and 2.2 million ounces 
of recoverable gold and silver, respectively. 
The Surprise deposit, which Battle Moun- 
tain plans to develop as a satellite operation 
*o the Fortitude Mine, was discovered by 
the Fortitude drilling program. Production 
from the Surprise deposit was expected to 
~egin in 1987. 

In February 1985, operations at the 
uooseberry Mine were reduced from 10,000 
tons per month to 1,200 tons per month 
owing to low precious metals prices. Produc- 
tion was maintained at the reduced level 
until November, when production was 
halted because of continued low prices and 
disappointing exploration results. During 
the year, 25,000 tons of ore was milled 
yielding an average of 0.182 ounce of gold 
and 7.87 ounces of silver per ton. 

Echo Bay acquired a 50% interest in the 
Round Mountain Mine on January 1, 
through the purchase of Copper Range Co. 
from The Louisiana Land and Exploration 
Co. Echo Bay subsequently reduced operat- 
ing costs at the gold-silver heap-leach oper- 
ation by lengthening the leach cycle, using 
higher leaching piles, using heated leaching 
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solution in winter, and by pressure strip- 
ping of loaded carbon. 

AMAX began construction at the Sleeper 
deposit, in northwestern Nevada. Produc- 
tion from a central high-grade zone contain- 
ing 1.4 million tons of ore grading 0.324 
ounce of gold and 0.903 ounce of silver per 
ton was expected in mid-1986. 

Limited production resumed at the Victor 
Mine in the second half of 1985. Testing of 
the mine's facilities following renovations 
and expansion projects, completed since the 
mine's closure in 1984, was conducted dur- 
ing this period of production. 

At the Candelaria Mine, 2.5 million 
ounces of silver was produced in 1985." 
United Mining Corp. closed its New Savage 
Mine in April because of low gold and silver 
prices. The New Savage Mine is on the 
famous Comstock Lode. The Taylor Mine, 
one of Nevada's largest silver producers, 
remained closed throughout the year. 

Utah.—Kennecott closed the Bingham 
Canyon Mine, a copper-gold-silver oper- 
ation, in March reportedly because of low 
prices. During the third quarter, Kennecott 
announced the purchase of the Carr Fork 
Mine's reserves from Atlantic Richfield 
Co.'s Anaconda Minerals Co. subsidiary. 
The Carr Fork Mine is on property adjacent 
to Bingham Canyon. Near yearend, Ken- 
necott's parent company, Standard Oil Co., 
announced a $400 million program to mod- 
ernize Bingham Canyon. The projects were 
expected to be completed in 1988. 

At the Escalante Mine, nearly 2.4 million 
ounces of silver was produced in 1985, an 
increase of over 203,000 ounces from that of 
1984.: Operating costs at the mine were 
reduced through an 896 labor force reduc- 
tion. Additional ore was developed on the 
southernly extension of the vein, and the 
possible presence of another vein north of 
the present mine boundary was indicated in 
drilling results. 

Texaco Inc. sold its Getty Gold Co. subsid- 
iary to Barrick Resources Corp. near mid- 
year. Getty operated the Mercur Mine, a 
gold-silver operation in southern Utah. 

Washington.—Asamera Minerals (U.S.) 
Inc. and Breakwater Resources Ltd. began 
commercial production at the Cannon Mine 
in 1985. The mine began operations on 
January 1, and the mill officially began 
production on July 15. Nearly 150,000 tons 
of gold-silver ore was processed. By yearend, 
mill throughput was averaging 1,600 tons 
per day. Tenneco Minerals Co. and United 
Mining sold their properties adjacent to the 
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Cannon Mine to Asamera and Breakwater 
for $12.5 million plus royalty and/or net 
profit interests. The properties sold by 
Tenneco and United Mining were estimated 
to contain 600,000 and 1,500,000 ounces of 
recoverable gold and silver, respectively. 

Silver production at the Republic Mine 
increased to 101,521 ounces from 80,967 
ounces in 1984. Development work at the 
mine encountered two veins, which may 
contain 300,000 tons of ore, and could ex- 
tend the mine's life by nearly 5 years at 
1985 production rates. 

Other States.—Handy & Harman opened 
a new secondary refinery in South Windsor, 
CT. The plant will process low-grade pre- 
cious metal-bearing electronic scrap. 

Production began at the Ropes gold mine, 
in Michigan, near yearend. Commercial 
production was lower than anticipated in 
part because of unstable wall conditions 
and localized faulting. A renovated iron ore 
mill treated 154,000 tons of ore, including 
87,000 tons of development ore, during 1985. 
Average ore grade was 0.067 ounce of gold 
and 0.179 ounce of silver per ton. 

Echo Bay sold the White Pine copper- 
silver mine to Northern Copper Co., an 
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investment group consisting predominantly 
of former White Pine employees and man- 
agement, in the fourth quarter. Echo Bay 
acquired the Michigan mine, as part of the 
essets of Copper Range, which Echo Bay 
purchased from Louisiana Land and Explo- 
ration earlier in the year. The White Pine 
Mine, closed in 1982, was reopened by 
Northern Copper on November 1, 1985. 

In October, AMAX announced that it 
would phase out smelting and refining oper- 
ations at its Carteret, NJ, facility, owing to 
continuing losses and a poor outlook for 
secondary smelting and refining activities 
in the United States. Approximately 9.7 
million ounces of silver was produced at 
Carteret from either purchased or toll- 
refined material during 1985. 

Workers struck St. Joe Minerals' Balmat 
and Pierrepont Mines, in New York, on 
July 22. Although the strike continued 
through yearend, the mines were operated 
at partial capacity by salaried and some 
nonunion personnel. 

Production at Asarco's Amarillo, TX, re- 
finery was reported as 42.3 million ounces 
of silver, & decrease of about 4.1 million 
ounces from the 1984 output.*: 


CONSUMPTION AND USES 


Overall silver consumption remained at 
about the same level as in 1984 and 1983. 
Silver consumption for photographic mate- 
rials and in electrical and electronic prod- 
ucts increased somewhat, reflecting the con- 
tinued growth of the U.S. economy and 
lower silver prices. Stagnant consumption 
in most end uses may have been due to the 


continued use of more efficient manufac- 
turing processes and substitutes developed 
during periods of higher prices, or to 
changes in consumer tastes, or to the avail- 
ability of more financially liquid lower pre- 
mium alternatives to holding silver as an 
investment. 


STOCKS 


Refiner, fabricator, and dealer stocks de- 
clined from 21.2 million ounces at yearend 
1984 to 15.6 million ounces at the end of the 
1985 third quarter. The decline in industrial 
stocks was probably due in part to the 
combination of a weak silver price and 
expectations of future price declines, which 
prompted stockholders to delay purchases, 
and to the increase in industrial consump- 
tion. In the fourth quarter, as the silver 
price declined to less than $6.00 per ounce, 
industrial stocks increased slightly, to 17.1 
million ounces at yearend. 

Silver depository stocks held by Commod- 
ity Exchange Inc. (COMEX) declined to 


104.2 million ounces by the end of May, a 
14.3-million-ounce decrease from yearend 
1984 levels. By the end of June, however, 
COMEX stocks increased significantly to 
132.4 million ounces, and continued to in- 
crease thereafter, ending the year signifi- 
cantly higher than in 1984. The depository 
Stocks held by the Chicago Board of Trade 
(CBT) declined from yearend 1984 levels to 
13.9 million ounces at the end of April 1985. 
CBT stocks increased later in the year, but 
at yearend 1985 were 17.8 million ounces, 
compared with 19.1 million ounces at year- 
end 1984. 
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Although the domestic silver price, as 
quoted by Handy & Harman, remained in a 
relatively narrow range when compared 
with the volatile prices of the past several 
years, it continued along the downward 
trend begun in mid-1983. The most signifi- 
cant price movement occurred from mid- 
February 1985 through the end of March. 
The price began the year at $6.14 per ounce, 
was $5.83 at yearend, and averaged $6.14 
for the year. U.S. currency exchange rates, 
crude oil prices, the U.S. economic outlook, 
and the potential returns on alternative 
investments were the major factors in silver 
price movements, according to analysts. 

As with the Handy & Harman silver 
price, movement of the London spot price 
occurred within a relatively narrow range, 
and in general continued along the down- 
ward trend begun in mid-1983. The London 
spot price as quoted by Metals Week began 
1985 at $6.25 per ounce. The low for the 
year of $5.45 occurred on February 25, after 
which the price increased, reaching the 
peak of $6.75 on April 15. During the 
remainder of 1985, the price gradually de- 
clined, ending the year at $5.80. The aver- 
age price for the year was $6.13. 

The Union Bank of Switzerland, the 
Swiss Bank Corp., and Credit Suisse, the 


three major banks of Switzerland, began 
publication of a silver price in December to 
compete with the price established by the 
London Metal Exchange. The yearend price 
established by these banks was $5.80. 

Futures contracts representing 24.1 
billion ounces of silver were traded on 
COMEX, a decrease of 9.6 billion ounces 
from the volume traded in 1984. The silver 
trading volume at the CBT declined by 
nearly 900 million ounces to 1 billion ounces 
in 1985. During the year, the CBT received 
permission from the Commodity Futures 
Trading Commission to trade options on its 
silver futures contract. Options trading be- 
gan on March 29. Each option entitled the 
holder to either buy or sell one CBT futures 
contract representing 1,000 ounces of silver 
at a given price for a specified period of 
time. Silver futures trading on the Mid- 
America Commodity Exchange increased to 
62 million ounces from 32 million ounces in 
1984. 

On October 3, 1985, an article in the Wall 
Street Journal reported that the Hunt 
brothers had disposed of most of their silver 
holdings. It was estimated that most of the 
sales took place over a 9-month period, and 
may have amounted to 54 million ounces of 
silver. 


FOREIGN TRADE 


U.S. silver exports remained essentially 
unchanged in 1985, probably owing in part 
to the continued strength of the U.S. dollar 
throughout most of the year. A strong 
dollar, depending upon currency exchange 
rates, tended to cause silver purchased in 
the United States to be relatively more 
expensive than silver from other sources. 
Canada and Japan remained the largest 
recipient countries for U.S. silver, most of 
which was in the form of refined bullion. 
Exports of refined bullion to Canada in- 
creased by 1.1 million ounces; the increase 
may have been related to the increased 
participation of Canadian companies in the 
U.S. mining industry. Exports of refined 
bullion to Japan declined by nearly 600,000 
ounces. 

U.S. silver imports for consumption in- 
creased by one-third, in part owing to in- 
creased industrial consumption and the 
strong U.S. dollar. The most significant 
increases in silver imports into the United 


States came from the United Kingdom, with 
an increase of 18.8 million ounces; Belgium- 
Luxembourg, with an increase of 11.0 mil- 
lion; Switzerland, with an increase of 9.8 
million; and Canada, with an increase of 9.2 
million. Most of the increased imports from 
these countries consisted of refined bullion: 
the United Kingdom, 18.9 million ounces; 
Belgium-Luxembourg, 9.5 million ounces; 
Switzerland, 9.8 million ounces; and Cana- 
da, 8.7 million ounces. U.S. silver imports 
from Peru declined substantially. 

Imports for consumption of ore and con- 
centrates declined significantly. Peru, with 
a decrease of 7.3 million ounces, and Mexi- 
co, with a decrease of 1.7 million ounces, 
were the countries with the largest de- 
creases in ore and concentrate shipments to 
the United States. 

The United States was a net importer of 
Silver. Net import reliance calculated as a 
percentage of apparent consumption was 
approximately 60%. 
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WORLD REVIEW 


Despite the decline in U.S. silver produc- 
tion, world mine production of silver was 
essentially unchanged, owing in part to 
production from new mines, especially gold 
mines that produce byproduct silver, to the 
continued need by some developing coun- 
tries to earn foreign exchange for debt 
repayment, and to the strong U.S. dollar, 
which moderated the impact of the declin- 
ing silver price on foreign earnings. Explo- 
ration continued to be very active for gold 
deposits; however, exploration for other 
sources of byproduct silver, such as copper, 
lead, or zinc deposits, or for primary silver 
deposits was limited. Australia, Canada, 
Mexico, and Peru continued to be the coun- 
tries where most of the silver-bearing dis- 
coveries were reported, although there ap- 
peared to be increasing interest in exploring 
the islands of the Pacific Basin for precious 
metals deposits. 

Total consumption of silver by market 
economy countries was estimated at 382.6 
million ounces, an increase of 11 million 
ounces over the revised figures for 1984. Of 
the 382.6 million ounces consumed, 373.9 
million was used in industrial applications, 
an increase of 11 million ounces over the 
1984 level. The quantity of silver used for 
coinage, 8.7 million ounces in 1985, was the 
same as the revised estimate for 1984.* 

The total silver required by all market 
economy countries including the United 
States for industrial use and coinage, for 
bullion stocks, and for net exports to cen- 
trally planned economy countries exceeded 
their primary production by 106.3 million 
ounces. The shortfall was met with silver 
obtained from the following sources: old 
scrap, 72.2 million ounces; outflow from 
Stocks held in India, 25.7 million ounces; 
demonetized coin, 3.0 million ounces; and 
withdrawals from government stocks, 5.4 
million ounces. Estimated net exports to 
centrally planned economy countries was 1 
million ounces.™ 

Australia.—Aberfoyle Ltd. reported that 
over 260,000 tons of ore was produced at the 
Que River Mine in Tasmania, a 19% in- 
crease from that of 1984.** Ore grades at the 
zinc-lead-copper-silver-gold mine were 
14.2% zinc, 8.1% lead, 0.4% copper, 7.4 
ounces of silver, and 0.1 ounce of gold per 
ton. During 1985, additional equipment was 
purchased to expand the mine's capacity to 
over 330,000 tons per year. Employment at 
the mine increased to 333 from 315 at 
yearend 1984. 

Development work at Aberfoyle’s Hellyer 


deposit continued. Construction of a 4,000- 
foot adit for underground exploration of the 
ore body reached the midpoint by yearend 
and was expected to reach the ore body in 
mid-1986. Laboratory testing on drill core 
samples indicated that flotation would 
probably be the most practical and eco- 
nomic process for treating the fine-grained 
polymetallic ore even though achieving any 
significant gold recovery from the ore would 
be difficult given the refractory nature of 
the gold content. Conversion of the nearby 
Cleveland tin mill to a trial milling facility 
for Hellyer ore continued and was expected 
to be completed by mid-1986. The mill was 
to have a nominal capacity of 11 tons per 
hour. 

The British Petroleum Co. PLC reported 
that the Teutonic Bore Mine was closed 
owing to exhaustion of reserves. Silver pro- 
duction increased to nearly 1.14 million 
ounces from 1.06 million ounces in 1984. 

At its Zinc Corporation Mine and New 
Broken Hill Consolidated Mine, CRA Ltd. 
reported that 2.46 million tons of ore was 
produced in 1985, compared with 2.06 mil- 
lion tons in 1984. Both mines were at 
Broken Hill in New South Wales. CRA 
decided to close the 47-year-old Zinc Corpo- 
ration concentrator, and to upgrade the 
New Broken Hill concentrator so that it 
could treat the ore from both mines. An 
agreement was reached with the New South 
Wales government that would allow the 
mines to be connected to the New South 
Wales electricity grid, subsequently allow- 
ing the closure of CRA's oil-fired power 
generating station. The closure of the con- 
centrator and the power station were ex- 
pected to significantly reduce future oper- 
ating costs. 

Following agreements near yearend 1984, 
which allowed CRA to buy the interests of 
its two partners in the Woodlawn Mine, 
CRA completed the acquisition in early 
1985. An exploration program to test the 
feasibility of extending the mine’s life as an 
underground operation following exhaus- 
tion of strippable reserves was begun during 
1985. Ore production was 1.03 million tons 
in 1985.7 

Production began at the Kidston Mine, a 
gold operation with byproduct silver, on 
March 1. The Kidston Mine was operated by 
Kidston Gold Mines Ltd. a 70%-owned 
subsidiary of Placer Development Ltd. The 
mine was operating at design capacity by 
midyear, and at yearend, mill throughput 
was averaging 15,300 tons per day. During 
the first 10 months of operation, 4.16 mil- 
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lion tons of ore was milled.™ 

During the fiscal year ended June 30, 
1985, about 10.3 million tons of ore was 
treated at the Mount Isa Mine in Queens- 
land.* Increased hoisting capacities and the 
use of the Jubilee mill heavy-medium plant 
in the silver-lead-zinc processing stream to 
increase the rejection of barren material 
prior to concentrator processing were cited 
as the major factors in allowing a record- 
high tonnage of ore to be processed. 

M.I.M. Holdings Ltd. agreed to sell its 
50% interest in the Lady Loretta deposit to 
Pancontinental Mining Ltd. on August 22. 
The deposit, in Queensland, contained sil- 
ver, lead, and zinc. 

Canada.—Silver production at Brunswick 
Mining and Smelting Corp. Ltd.’s No. 12 
Mine increased to about 6.8 million ounces 
in concentrate from about 6.2 million 
ounces in 1984. Construction of an in- mine 
crusher and a footwall backfill system was 
completed in 1985. Both projects were ex- 
pected to reduce future operating costs. The 
No. 12 Mine was closed for 2 weeks at 
yearend owing to a zinc concentrate sur- 
plus. At its Smelting Div., Brunswick pro- 
duced nearly 2,659,000 ounces of doré from 
213,000 tons of concentrate, dust, and resi- 
dues. Smelting Div. output was lower than 
in prior years owing in part to a January 
acid plant shutdown for catalyst screening. 

At the Sullivan Mine, Cominco Ltd. mill- 
ed 2,397,000 tons of ore with an average 
silver content of 1.5 ounces per ton. The mill 
throughput was less than the 2.73 million 
tons processed in 1984 because of a decision 
to reduce metal production at the Trail 
smelter-refinery complex. Employment at 
Sullivan declined from 1,125 to 986 at year- 
end 1985. 

The Trail smelter refinery produced 
about 9.8 million ounces of refined silver, 
compared with 10.6 million ounces in 1984. 
Cominco attributed the lower refined silver 
production to a drop in quantity of lead 
concentrates with a high silver content that 
could be purchased by the company. Em- 
ployment at Trail was reduced to 2,562 from 
3,164, through rationalization and reorgani- 
zation of the work force. 

Production costs at the Silvana Mine 
were reduced following a conversion from 
diesel to hydropower, according to Dicken- 
son Mines Ltd. The mine produced 470,000 
ounces of silver from 25,418 tons of ore.*! 

Newmont Mining Corp. reported that 
266,666 ounces of silver was produced from 
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the treatment of 7,585,000 tons of ore at the 
Similkameen copper mine in British 
Columbia.” The increased mill throughput 
was attributed to the installation of an 
intermediate crusher in the grinding circuit 
during 1985. Silver production at the Fox 
copper-zinc-silver-gold and Ruttan copper- 
zinc-silver-gold mines, in which Newmont 
has a 34% interest, was 165,727 ounces and 
304,196 ounces, respectively. 

Noranda Inc. reopened the Bell copper- 
gold-silver and Brenda copper-molybdenum- 
gold-silver mines. Negotiations with the 


‘mines’ labor unions and the British Colum- 


bia government prior to the reopenings 
obtained concessions that reduced the 
mines' operating costs. Silver production at 
the Bell Mine was 32,000 ounces, and the 
Brenda Mine produced 80,000 ounces.*? 

Noranda reported that the Geco Mine 
produced 1,325,000 ounces of contained sil- 
ver, Mattabi Mines produced 555,000 
ounces, and the Lyon Lake Mine produced 
1,430,000 ounces. In 1984, these mines pro- 
duced 1.4 million ounces, 1.2 million ounces, 
and about 1.9 million ounces of contained 
silver, respectively. Overall, mines in which 
Noranda had an interest in 1985 produced 
9.8 million ounces of silver, 2.4 million 
ounces less than in 1984. Noranda reduced 
employment at its Horne smelter and CCR 
refinery through a combination of early 
retirements, layoffs, and attrition. 

The Copper Rand mill produced 76,918 
ounces of silver from the treatment of 
402,922 tons of ore from the Copper Rand 
Mine, and 54,338 ounces of silver from the 
treatment of 285,335 tons of ore mined at 
the Portage Mine.* A 4-year expansion 
program at the Portage Mine was complet- 
ed, and the mine returned to full capacity in 
the fourth quarter. Gold recovery at the 
mill was improved through the addition of a 
jig and two sluice boxes to the gravity 
circuit. However, a cyanidation plant in- 
stalled in 1984-85 remained inoperative, 
owing to metallurgical problems. Operating 
costs at the mine and mill were reduced 
through improved operating efficiencies, 
mining lower tonnages, elimination of the 
summer vacation shutdown, and a reduc- 
tion in employment from 651 to 525. 

In October, a project was begun that 
would increase the mill capacity of the 
Equity silver mine from 5,800 tons per day 
to 8,500 tons per day. The project included 
construction of a second rod mill, construc- 
tion of a third ball mill, and increased 
flotation and pumping capacities. Produc- 
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tion for 1985 was 4.57 million ounces of 
silver in concentrate.“ The mill processed 
about 2.3 million tons of ore. 

At the Beaverdell Mine, Teck Corp. re- 
ported that 336,426 ounces of silver was 
produced, compared with 375,709 ounces in 
1984.” Average mill throughput was 41,105 
tons per day in 1985. 

United Keno Hill Mines Ltd. reported the 
production of 1.3 million ounces of silver 
contained in lead concentrate.’ A total of 
74,609 tons of ore was milled during 19865. 
The Elsa Mine was reopened in May, and 
produced 1,980 tons of ore grading 48.2 
ounces of silver per ton. Underground min- 
ing was also conducted at the Husky, Husky 
Central, Husky S.W., and Ruby Mines. Min- 
ing was halted at the Ruby Mine in May 
after production of 600 tons of ore, owing to 
the exhaustion of all known ore reserves. 
Average silver grude of the Ruby Mine ore 
was 25.7 ounces per ton. At the Calumet Pit, 
221,200 tons of ore containing an average of 
21.5 ounces of silver per ton was mined in 
1985. 

Mexico.—México, Desarrollo Industrial 
Minero S.A. (MEDIMSA) completed devel- 
opment of its new Rosario silver-zinc- 
copper-lead mine. At the Charcas Mine, 
MEDIMSA completed a capacity expansion 
project, which increased the silver-zinc- 
copper-lead operation’s capacity from 1,400 
to 8,800 tons per day. From its 11 mines and 
5 metallurgical plants, MEDIMSA produced 
22.87 million ounces of silver during 1985, 
compared with 21.23 million ounces in 
1984.35 

At the Real de Angeles Mine, silver pro- 
duction increased by 23%, while lead and 
zinc output increased by 25% and 38%, 
respectively. Higher mill throughput and 
better recoveries were cited as the major 
factors for the increased output. Additional 
mining equipment was purchased and 
placed in service so that the increased 
milling rates could be maintained. Silver 
output was reported as 11.17 million ounces 
in concentrate in 1985 compared with 9.04 
million ounces in 1984.** Ore reserves were 
increased substantially when it was discov- 
ered that mineralization extended below 
earlier pit designs. 

AMAX reported that the mines of Compa- 
nia Fresnillo S.A. de C.V., Zimapán S.A. de 
C.V., and Rosario Mexico S.A. de C.V. pro- 
duced 10.4 million ounces of silver.“ In 
1984, these mines produced 10.3 million 
ounces. At the Bolanos Mine, 49% owned by 
Kennecott, 1.6 million ounces of silver was 
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produced in 1985, an increase of 600,000 
ounces from that of 1984.* Lacana Mining 
Corp. reported that its 30%-owned Torres 
mining complex in Guanajuato produced 
nearly 3.8 million ounces of silver in 1985, 
and that its 40%-owned Encantada Mining 
Group in Coahuila produced almost 12 
million ounces of silver.“ In 1984, Torres 
produced 4.2 million ounces, and Encanta- 
da, 1.8 million ounces. The reduced produc- 
tion by the Encantada Group was attributed 
to operational problems. 

In May 1985, the Mexican Government 
granted tax and fiscal aid to Mexican mine 
operators owing to the peso devaluation and 
the declining silver price. Under the mea- 
sure, mine operators would receive tax re- 
lief ranging from 10% to 45% on any tax 
assessed 


Peru.—Cía. de Minas Buenaventura S.A. 
remained Peru's largest privately owned 
silver producing company with an out- 
put of nearly 8.6 million ounces. At the 
Uchucchacua Mine, a project to increase 
capacity to 1,000 from 700 tons per day was 
completed. Production at Uchucchacua con- 
sisted of 18,515 tons of lead concentrates 
containing an average of 206.5 ounces of 
silver per ton. At the Julcani Mine, 7,801 
tons of lead concentrates averaging 238.9 
ounces of silver per ton was produced. 
Buenaventura's subsidiary, Cia. de Minas 
Orcopampa S.A., produced 6,614 tons of 
concentrates averaging 426.7 ounces of sil- 
ver per ton. In December, the International 
Finance Corp. agreed to provide $10 million 
of the $30 million estimated cost to expand 
Orcopampa's capacity to 1,000 tons of ore 
per day, to construct a hydroelectric plant 
and other facilities, and for exploration and 
mine development. 

At Empresa Minera del Centro del Perú 
(Centromín Perú), silver production increas- 
ed to 14.2 from 13.2 million ounces in 1984. 
Record-high production of silver contained 
in concentrate was reported for the Casa- 
palca Mine (4.5 million ounces), the Yauri- 
cocha Mine (1.3 million ounces), the Cerro- 
San Expedito Mine (1.1 million ounces), and 
the Cobriza Mine (948,000 ounces). In 1984, 
these mines produced 4.0 million, 1.2 mil- 
lion, 1.1 million, and 843,000 ounces, respec- 
tively. Centromin Perü's Cerro-Paragsha 
and Morococha Mines produced 3.1 million 
ounces and 2.0 million ounces of silver 
contained in concentrate in 1985, respec- 
tively. At the La Oroya Complex, produc- 
tion of refined silver decreased slightly to 
23.2 million from 23.6 million ounces. Feed 
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for La Oroya was provided by Centromin 
Perú and numerous independent mines dur- 
ing 1984. 

Cia. Minera Arcata S.A., Peru’s second 
largest private silver producer, produced 3.5 
million ounces of silver at the Arcata Mine, 
compared with 3.3 million ounces in 1984. 
At the Caylloma Mine, Cia. Minera Cayl- 
loma S.A. produced 2.5 million ounces of 
silver in 1985, and reduced operating costs 
by 14%. Cia. Minera Milpo S.A. was able to 
increase output through production from 
new mine workings, adoption of new benefi- 
ciation techniques, and more efficient com- 
plementary services. The increased produc- 
tion at Milpo occurred despite several par- 
tial work stoppages due to terrorist attacks 
and a 26-day strike. The company produced 
nearly 30,000 tons of lead concentrates and 
65,000 tons of zinc concentrates containing 
79.6 and 4.2 ounces of silver per ton, respec- 
tively. Cia. Minera del Madrigal S.A. pro- 
duced 357,750 ounces of silver in concen- 
trate by milling 344,744 tons of ore grading 
1.4 ounces of silver per ton. The Quiruvilca 
Mine, operated by Corporacíon Minera Nor 
Peru S.A. produced 2.0 million ounces of 
silver in 1985 compared with 1.8 million 
ounces in 1984. Southern Peru Copper Corp. 
(SPCC) milled 31.2 million tons of ore from 
its Toquepala and Cuajone Mines to pro- 
duce 2.8 million ounces of silver contained 
in its blister copper. In 1984, SPCC milled 
30.3 million tons of ore and produced 2.5 
million ounces of silver. 

Other Countries.—For the year ended 
October 31, 1985, Cia. Minera Aguilar S.A. 
milled 636,160 tons of ore to produce 1.4 
million ounces of silver contained in lead 
concentrates at its Aguilar Mine in Argenti- 
na. The production was essentially the same 
as that of 1984. At the Quioma Mine in 
Bolivia, 131,000 ounces of silver was pro- 
duced, compared with 52,000 ounces in 1984. 
St. Joe Gold announced that it would ex- 
pand the capacity of its El Indio Mine, in 
Chile, to 2,100 tons per day from 1,800 tons 
per day. For the year ended October 31, 
1985, El Indio produced nearly 1 million 
ounces of silver contained in either its 
direct smelting ore or its mill products. 

The El Mochito Mine in Honduras pro- 
duced 2.7 million ounces of silver in concen- 
trate in 1985. Production at the mine was 
increased to offset declining ore grades and 
to reduce unit costs. In 1984, 2.6 million 
ounces of silver was produced. 

Depressed copper and silver prices and 
national economic conditions were cited by 
Atlas Consolidated Mining and Develop- 
ment Corp. for operating reductions made 
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at some of its properties in the Philippines. 
On July 5, the Biga concentrator was closed, 
and operations at the Biga and Carmen Pits 
roduced. Subsequently, the Carmen concen- 
trator was closed on October 1 for general 
overhaul and for installation of transporta- 
tion facilities to bring ore from the Lutopan 
Mine to the concentrator. At this time, the 
Biga and Carmen Pits were closed. In De- 
cember, the Carmen concentrator resumed 
operation, along with some mining activi- 
ties at the pits to supplement ore production 
from Lutopan. With the resumption of proc- 
essing at the Carmen concentrator, the DAS 
concentrator was closed. Ore production for 
1985 was 17.7 million tons from the Biga 
and Carmen Pits and 11.3 million tons from 
the Lutopan Mine. Silver content of the 
concentrates produced was 311,862 ounces, 
compared with 452,201 ounces in 1984. At 
its Masbate Pit, Atlas produced 50,579 
ounces of silver, a decrease of over 20,000 
ounces from that of 1984. The heap-leaching 
plant at Masbate, in its first full year of 
operation, produced 6,146 ounces of silver. 


! Physical scientist, Division of Nonferrous Metals. 

*Ounce as used throughout this chapter refers to the 
troy ounce. 
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Table 2.—Mine production of recoverable silver in the United States, by State 
(Troy ounces) 
State 1981 1982 1983 1984 1985 

/J%”öÜ1dm et mv! ⁊ð?t 8 2.372 2,080 4,123 W W 
Arizona: t Se 8 8,055,231 6,309,327 4,491,532 74. 246,616 4,885,310 
air) C 53,286 34,048 26,899 W 115.478 
Colorado. 2 2222222222222 3,008,994 1,934,312 2,145,616 2.199.888 548,696 
h e usc ou cie y et 16,545,648 14,830,351 17,684,218 18,869,186 18,827,948 
III ec ee ee r W W W W W 
Menn nam cuneis ee W W e NS W 
Missouri 22-2-2222 1,837,011 2,241,159 2,021,343 1,401,070 1.635.301 
Mone 2,988,810 6,168,711 5,707,963 5,652,847 4.009.979 
Nl ³ðW³A :. ee 3,039,480 3,142,263 75,179,394 6,411,032 4,946,523 
New Mexico- ~~ ~~ __-__ 1,632,346 804,594 W W W 
New York r Se a Ere 28,829 21,212 33,137 W W 
!))! ³⅛5A¹10A·Ü d y ee ee 7.487 a 856 W ae 
South Carolina "ne M EI W 
South Dakota 55,792 26,241 62,314 50,036 63,156 
Tenne 8 W W W W 
II; ⅛ð»2Ar! ⁰ eg 2,882,671 4,342,333 4,566,610 W W 
Washington. ---------------------—-— 67,3 W W W W 

d KN EE 40,683,173 40,248,409 "43,430,987 "44,591,671 39,357,197 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 


Table 3.—Mine production of recoverable silver in the United States, by month 


(Thousand troy ounces) 


Month 1981 1982 19837 19847 1985 

A osuere ne cu LLL ree 3,062 3,643 3,101 3,774 3,425 
February nc eee x 3,404 3,283 3,051 3,897 3.045 
March aon gece, 3,408 4,039 3,776 4,202 3,385 
ADI pa f 3,314 3,133 3,681 4,027 3.207 
77;; AAA 3,151 3,713 3,675 3,892 3,351 
JUHB med ceu y 3,315 3,568 3,761 3,780 3,231 
duly EE 3,571 3,090 3,588 3,576 3,234 
AUpISE- eee er nut CL c 3,408 2,981 3,755 8,719 3,355 
September. ee eie et 3,503 3,014 3,563 3,245 2.925 
October p e lnc ci CL LL Ce ce 3,795 2,889 3,408 3,662 3.847 
Nemde ; 3.354 3.241 3.414 3.323 3.124 
December c2. o ose ee dots ee Se 3,392 3,048 4,652 3,495 3,223 

d Ve DEE 40,683 40,248 43,431 44,592 39,357 

"Revised 


Table 4.—Twenty-five leading silver producing mines in the United States in 1985, 


in order of output 
Rank Mine County and State Operator Source of silver 
1 ET Friday ... Shoshone, ID. Hecla Mining Co ` Silver ore. 
2 Sunshine acd uM ar aa Sunshine Mining oo Do. 
3 Galena E, EEN ASARCO Incorporated ------- Do. 
4 Troy (uenenum Lincoln, MT ...... r Silver copper ore. 
5 Coeur rt Shoshone, ID _____ SE no noe t DE Silver ore. 
6 Escalante Iron, Ul. nu Helca Mining oe 
7 Candelaria Mineral, NV NERCO Metals Ine Do. 
8 De Lamar hee, ID... NERCO DeLamar Co Gold-silver ore. 
9 Sixteen-to-One _ _ — Esmeralda, NV... Sunshine Mining o Silver ore. 
10 Tyrone Grant, NM ....... Phelpe 19 5 S ore ts Copper ore. 
11 Sierrita 2 ima, AZ _~____-_ Duval Cord Do. 
12 Eisenhower E, tease Eisenhower Mining xo Do. 
13 Morenci- ------ Greenlee, AZ r Phelps Dodge Corr Do. 
14 Buick 2.02 22. Iron, au AMAX Lead Co. of Missouri Lead ore. 
15 Battle Mountain. Lander, NN Battle Mountain Gold o Gold ore. 
16 Bagdad Yavapai, AZ ____ _. Cyprus Bagdad Copper Co _ - - Copper ore. 
17 Ray: 5.2 inal, AZ _~_~_-___ Kennecott EE Do. 
18 Crescent Shoshone, 1720 Bunker Limited Partnership - Silver ore. 
19 San Manuel Pinal, AZ ____.__ _. Magma Copper Co - -------- Copper ore. 
20 Magmont _ ----- Iron, MO _______- Cominco American Incorporated Lead ore. 
21 Leadville &UCO . 2 ASARCO Incorporated - ------ Lead-zinc ore. 
22 Reymert Pinal, As Nichols Development Cor Silver ore. 
23 Pinto Valley . Gila, AA rus Valley Copper Co- - ----- Copper ore. 
24 Clayton Custer, Ibo SC Silver Mines Silver ore. 
25 Viburnum 29. Washington, MO... Minerals Cord Leed ore. 
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Table 5.—Silver produced in the United States, by State, type of mine, and 


class of ore 
Placer Lode 
(troy Gold ore Gold-silver ore Silver ore 
Year and State ounces Troy Troy Troy 
0 Short Short Short 
; nces ounces ounces 
silver) tons of silver tons of silver tons of silver 
LBE 1,839 8,758,364 754.037 1,040,878 2,263,535 . 4,538,322 19,095,412 
LEE 2,012 18,087,462 852,500 1,213,247 2,769,495 5,422,706 23,577,319 
J Aa 4,035 18,329,722 1,146,835 1,129,756 1,794,753 7,528,125 "30,079,569 
s ETFI S 11.503 24,581,032 1,333,227 1,587,850 2,890,407 7.804, 144 31,328,954 
1985: 
Alaska a W ais ae utu BOS icr nU 
Arizona roe Sg ate W W 
California W W W W zn Ge 
Colorado ER 811,529 69,317 men ae W W 
Idaoo -_ T 50,637 6,574 W W W W 
Illinois ER sie c" Ke as ME EM 
Michigan ET W EA SH zm TM 
Missour Er s PEN Së Tm ES EAE 
Montana -_~_ W W W W W 40,832 231,894 
Nevada W 12,355,594 982,180 W W 2,861,995 3,833,760 
New Mexico ue 914,946 1,606 2,521 14,926 
New York `. Be cues NM UA "e od SN 
South Carolina T W e EA EH roe 
South Dakota ~- ------ 8 2,345,704 63,156 at BE E Ee 
Tennessee ea et race ES E - Z 
Utah lun rt W W SE c 292,000 2,430,000 
Washington ______.__ i W W "E n SN us 
Total 6.434 26,887,964 1,571,730 1,043,854 2,039,797 4,302,681 24,012,856 
Percent of total silver (!) XX 4 XX 5 XX 61 
Lode 
Copper ore Lead ore Zinc ore 
Troy Troy Troy 
SEN ounces p ounces on ounces 
of silver of silver of silver 
IURI tee c tom 281.939.595 18,952,838 8.524.045 1,839,198 561,970 28,863 
ENEE co A 190,713,274 9,420,220 9,407,482 2,244,737 713,228 27,212 
1983. EEN 3171,614,767 77 344,180 8,050,251 2,021,346 753,044 33,137 
e ah F 2166,255,710  * *6,526,421 5,212,047 1,723,368 923,843 61,505 
1985: 
Alaska aa ET E x TN 
Arizona 129,545,286 4,382,734 mrt fe Ee SEH 
California NN T on SS E Sch 
Colorado ote "E E a WES phe 
Idaooo 2-2-- ^" ER P m e NM 
Illinois Juz = SE eh E EE 
Michigan W W es E 
Missourr Se? BS 7,091,945 1,635,301 es 2 
Montana. 2,842,971 3,565,927 — E Eë E 
Nevada ...--.-- E 3 ES ER Ga Za 
New Mexico W W E eim Ke E 
New Vork noe ges "P bas W W 
South Carolina ME E A. ze = 22 
South Dakota EE Sie m HEN Er Se 
Tennesse W W za S W W 
Utah Se ee ee W W M Men PE Ga 
Washington _________ es EN ins A s um 
Total `. onc 154,658,676 9,659,224 7,091,945 1,635,301 949,988 28,285 
Percent of total silver XX (*) 
See footnotes at end of table. 
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Table 5.—Silver produced in the United 5 State, type of mine, and 
class of ore Continu 
Lode 
Copper- lead. lead · zinc. Total 
copper-zinc, and Old tailings, etc. 
r C0 O 
Short 18 Short ay Short acl 
tons of silver tons of silver tons of silver 
IURI. oorr E oe sk: 3,186,988 2,369,785 286,419 2377,666 906,896,581 40,682,178 
PCC el EH 2,125,147 919,329 488,446 435,585 223,115,992 40,248,409 
FFF (5) 6 856,550 71,007,082 "208,262,215 143,450. 
1344. (5) (5) 215,877,223 728,280 221,901,849 "44,591,671 
1985: 

Alaska a Sie TN ae ue as Ww 
Arizon& .. eg B 129,788,370 4,886,310 
Californian un i EM I 2,964,963 116478 
Colorado W W E e 1,041,194 648,096 
Idaho_____________ wW W W W 5, 18.027 94$ 
Illinois ___--------- E T W W | : 
Midi ZE M Wa n SS 1,091,945 1,636,301 
Montana v ENS Ww w 10,412,113 4,008,979 
Nevada = Ss W W 15,402,848 nov 
New Mexico dr. Së 85 48 W LÀ 
New Vork Mt Dr E D W LÀ 
South Carolina Se Ge See MS Ww 
South Dakota 8 Ga A ore! 2,345,704 eus 
Tennessee EN LM Se i W 
Utah cat 5e Sn ac 12,885 867 Ww Y 
Washington -.-------- La EP a Ser Li * 
Ital. WI (9) 4.271.210 2 7403,570 199,206,348 39,857,197 
Percent of total silver XX (5$) XX 1 XX 100 


e EE ni Com Ims poppe ary data, E XX Not applicabile. 
than 1/2 unit. 
includes coppensinc. ore and) sliver recovered frees: coppendinc ora tn, Teaneeses: in avoid ‘disci-aing COMMI 


*Includes silver recovered from tungsten ore in California and silver recovered from fluorspar ore in Illinois. 

5 a ean de d silver recovered from copper-einc 
to avoi osing company proprietary data, copper-zinc ore and silver inc ore in 

Tennessee are included in totals for copper ore; and lead-zinc ore and silver recovered from lead-zinc ore in Colorade aad 

Idaho are included in total Old tailings, etc.” 

“Includes lead-zinc ore in Colorado and Idaho to avoid disclosing company proprietary data. 

Includes silver recovered from lead-zinc ore in Colorado and Idaho to avoid disclosing company proprietary data, aad 

includes silver recovered from molybdenum ore in Nevada. 


Table 6.—Silver produced in the United States by cyanidation' 


Leaching in vats, Leaching in 
open 
nee and closed ! or dumps‘ 
] Year Silver Silver 
Ore treated Ore treated recovered 
Hert tons) (TOY bart ten) (troy 
ounces) 
LN d cee, 4,434,835 2,579,957 7,418,219 2,047,709 
1982 22 oec ] :-. krmk mx ee 17. 875,468 5, 460,897 132 1,984,336 
js AME EET CREER 9,783,130 7,058,108 12,727,412 2,201,221 
jp. MES d 11,172,695 7,152,063 18,222,366 2,986,172 
10! ³ 15,421,903 6,819,904 14,815,183 2,101,560 


"Revised. 

May include small quantities recovered by leaching with thiourea, by bioextraction, and by proprietary processes. 
?Including autoclaves. 

*May include small quantities recovered by gravity methods. 

*May include tailings and waste ore dumps. 
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Table 8.—U.S. refinery production of silver 


(Thousand troy ounces) 
Raw material 1981 1982 1983 1984 1985 

Concentrates and ores: 
Domme eee ees 44,487 48,825 50,281 49,892 45,609 
Pf !! mmm 2.520 344 169 or 
I 47.007 44.170 50.450 150,019 45,609 
Old SCrüp ----------------------- ; 27,171 25,549 24,070 24.285 
New scrap- - ----------------------- 44,738 37,812 41,839 745,503 48,036 
Grand total 180,812 109,158 117,888 119,592 117,931 


TRevised. 
1Data may not add to totals shown because of independent rounding. 


Table 9.—U.S. consumption of silver, by end use 


(Thousand troy ounces) 
End use! 1981 1982 1983 1984 1985 
Electroplated ware 3,904 3,254 3,154 8,542 23,660 
JJ ĩ ᷣ ⁵ ⁵(b a HE ME SP 4.407 6,579 7,022 3627 
Jewelry EE 5,368 6,260 6,885 5,718 &TI9 
hic material 51,025 51,769 51,827 91,896 
Den medical supplies 1,709 , 1,582 1,569 1.485 
IJ/öôö%5 581 970 970 970 970 
Brazing alloys and solders _______________ 7,718 1,884 5,887 5,889 5,590 
Electrical and electronic products: 
Batteries ____________--________- 3,808 4,167 2,800 2,671 2470 
Contacts and conductors ______________ 26,411 27,730 26,298 25,633 2.517 
Bearings- - ------------------------ 297 228 170 183 
Catalysts ³ĩ·OꝛimàAA ] 3.890 2.418 2,424 2,448 2,000 
Coins, medallions, commemorative objects _ _ _ _ _ 2,622 1,882 2,979 2,814 
Miscellaneous*______________________ 4,995 4,562 4,567 4,562 4508 
Total net industrial consumption? 116.670 118,840 116,464 114,841 118,559 
Coinage orco ee Sm Ee 179 1,846 2,128 2,665 355 
Total consumption? ________._____ 116,849 120,686 118,592 117,506 118,914 
End use as reported by converters of refined silver. 
Includes silver-bearing copper, silver-bearing lead anodes, ceramics, paints, etc. 
Data may not add to totals shown because of independent rounding. 
Table 10.—Yearend stocks of silver in the United States 
(Thousand troy ounces) 
1981 1982 1983 1984 1985 
Industry EE 20,875 20,467 17,536 21,178 17.136 
Futures exchange 96,511 106,182 151,232 187.681 173.144 
U.S. Department of the Treasury |... 38,732 86,168 d $1,889 32,621 
U.S. Department of Defense --- ----------- 8,810 1,750 100 
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Table 11.—U.S. silver prices 


(Dollars per troy ounce) 

Period Low (date) High (date) Average 
LR ooo uuu et Sl the S 7.95 (Dec. 29) 16.45 (Jan. 6) 10.52 
Ee eee 4.88 June 21) 11.21 (Dec. 29) 7.95 
r Se Seas eh HD UM dee 8.34 (Nov. 17) 14.74 (Feb. 16) 11.44 
1984 e ]Ü˙”.m. ðͤ K ĩͤ 6.26 (Dec. 20) 1004 (March 5) 8.14 

1985: 
F§§;ðÜ—4ĩ“!U !.. 5.60 (Jan. 7) 6.37 (Jan. 31) 6.10 
February ̃ AA AA wed 5.60 (Feb. 25) 6.32 (Feb. 14) 6.07 
e . a 5.57 (Mar 12) 6.74 (Mar. 27) 6.01 
Fl et ru 6.16 (Apr. 24) 6.72 (Apr. 11) 6.46 
"VE 6.02 (May 28) 6.65 (May 14) 6.28 
June ———-——— r ²⁰ ee ate 6.07 (June 3) 639 (June 18) 6.17 
JJ! AA y 8 5.90 (July 3) 6.36 (July 29) 6.10 
Aùgüst W 6.11 (Aug. 6) 6.38 (Aug. 16) 6.25 
Septemde rr 5.88 (Sept. 18) 6.16 (Sept. 24, 25) 6.05 
IN, 6.03 Oct. 1) 633 (Oct. 3) 6.19 
November... LLL ~~. ee 6.00 (Nov. 8) 6.28 (Nov. 25) 6.13 
7)» eerie rt eA ae ees 5.71 ` (Dec. 11) 6.08 (Dec. 3) 5.89 
e . XX XX 6.14 

XX Not applicable. 


Source: Handy & Harman daily quotation. 
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Table 14.—Silver: World mine production, by country' 


(Thousand troy ounces) 
Country” 1981 1982 1983 1984P 1985° 

ITT TEE EES 2 de 110 110 120 120 120 
Amilo om TTT 2,518 2,684 2,500 1,662 1,600 
0 Cre ... een 6’’ eee Fee 23,906 29,156 33,208 31,183 35,000 
cL rem IE CAU eod PC a PR. eee ak Aan e 6,394 5,472 6,025 4,000 
T ha dare Iro 2 ue Ert 765 760 486 829 850 
De AA eiae A A 930 930 930 930 930 
TE H Kg NSS K 450 526 558 455 *565 
. v pP E 8 36,298 42,246 35,559 42,655 *38,889 
CH Eo cir 2226 dr o dud Ern E vo ecd ur ie alius dI o adm ZE 11,610 12,288 15,055 15,766 *16,633 
A ˙ W ˙·Üm . doce ie s pid dii sod 2,500 2,500 2,500 2,500 3,000 
T. ³˙·¹w m . Pis, V E er 143 136 99 130 200 
tS eS Rr a Poe ee = A dada eee và 2 2 2 2 2 
I NES ee E A EE LEE 1,125 1,061 964 1,029 1,000 
9% AA ee i 2,034 72,198 1,329 1,207 21.560 
J. AA SS re A ENEE, EE oe n 3 10 3 2 2 
a Loos ee ee cad ur zr int r 137 86 22 22 20 
J.... ͤ ͤ ͤ Kd 8 19 13 15 215 
1 de · 5A SS bcd 8 71,215 1,188 980 1,123 1,100 
o2] WE TREE MM . AERIS 11707 983 696 770 700 
German Democratic Republik! 1,450 1,450 1,380 1,290 1,400 
Germany, Federal Republic of `... „ö 1,126 1,279 1,167 1,225 1.225 
RGAE? ree EE aldo 17 117 14 14 14 
T... ͤ dy 1.945 1,582 1,791 *1,800 1,700 
QUU UU VUMPETECHR OE ²˙wmwꝛw.²¹·¹¹Ü¹·¹ r E ee’ 700 700 600 500 500) 
o wl TREES. CER ˙—⅛ 7 8 r3 (*) © = 
eee Ry dlc hag a ih E area Sc en 1,823 2,100 2,587 2.650 878 
P AAA ea ² o Ä! 555 463 469 862 8 
UNI nuce m ³· .. ¶ EE 830 1.184 1.135 1.121 1,170 
Qo. o fp ie cba tid cla’ o c TEE TP ariete: GË EC 596 352 250 
Jh. ˙ AA 1.768 1.791 2.361 1.554 2.301 
SN AAA TT 9.010 9,843 9,877 10,403  *10,899 
Boron Dar EE E EE a a eel hone ae aes 1,600 1,600 1,600 1,600 1,600 

e rti ern n a need dm eo de oo s 3,061 3,231 3,366 3,159 
c m ²˙˙w-! ;; Men ane ls e M qp do 465 502 481 410 500 
— PCR CNRC ROCA Qs ROO EE 52,916 59,175 63,607 15,340 69,000 
...!... ee RE 2.120 2.640 2.850 72.410 *2 733 
. . SUE o s CC DE e Emo 3,456 2,812 3,535 3,255 3.400 
1. ˙m AAA A ] é ĩðͤ2ͤ . SUM m de Ser Dr uii E = ae ê) (ê) - 
ccc ̃ —— . RETURN 140 76 63 *50 *30 
/c E EE S dnt mS ee 1,363 1,887 1,524 1,427 1,483 
ee Ge AAA AAA AAA 46,940 53,479 55,878 56,523 60,395 
(o ee ̃ ˙ A m Ä... 2.024 1.984 1,823 1,574 41.743 
1 0 Mace ms ein ems SEU RSS eRe 20,576 21,123 21,798 23,920 24,000 
CPC E SS ee poe 3 or eS ee ee pu^ 39 24 32 29 30 
H:!!! ⅛²ðâ7]déẽ: ñ JU, maid 850 850 820 810 810 
TR eS E TEENE (8) (9) (*) "e 8. 
An mw gef ba E EE Ee 7,568 6,943 6,513 6.721 
7 ↄœ. ̃²¹ .. 5,347 3,787 1,496 4,999 5,000 
EE . EC Ze 5,170 5,395 5,491 5,793 “6,102 

TRE. iL heated cect an AA mana 215 504 345 

J e ca as gk Se, eo ak ed E ⅛˙—³öñg» ee 84 115 90 r 85 *26 
(UE —aͤ-ͤ—[ ! mcd eee um E SS QN 200 220 220 220 220 
CCCP SENI ju CER eh A, S ntn b 46,500 46,900 41,200 47,400 41,900 
CPG ͤ ⅛˙·üꝗ ð· 2 ql. vrtepeipacts 40,683 40,248 43,431 44,592 “39,357 
bi 5. det) ER Ee P 4,437 3,343 8,987 4,051 *5,015 
DEN = oc: „ü ³ ˙A ͤ ⁵ĩð v ĩ RI AUS, A. E 2.580 1.751 1,288 1,225 1.200 
—.. K K LES e — aes 714 887 933 795 645 
En cu b ee GE m sul d ee ee 857 918 938 893 900 
J7777·¹tÜ1Aù“1 AAA T961,617 "382,969 — 392,004 415,289 — 412273 


In addition to the countries listed, Austria and Thailand may produce silver, but information is inadequate to make 
reliable estimates of output levels. 

Of total production, the following quantities, in thousand ounces, are identified as placer silver (the balance bei 
al 3 of other ores and concentrates). 1981— 144: 1982—123; 1988—247; 1954— 250 (estimated); and 1985— 

imated). 

*Reported figure. 

*Smelter and/or refinery production. 

*Revised to zero. 

Includes production from imported ores. 

*Less than 1/2 unit. 


Slag—lIron and Steel 


By Donald P. Mickelsen! 


Domestic production of iron and steel slag 
decreased slightly during 1985. A signifi- 
cant decrease in sales and use of iron slag 
was partially offset by a strong increase in 
sales and use of steel slag. Air-cooled iron- 
blast-furnace slag continued to comprise the 
largest portion of total blast furnace slag 
sold or used. 

The construction industry was the major 
user of iron and steel slag products. Air- 
cooled iron-blast-furnace slag was used 
mainly for road base, concrete aggregate, 
asphaltic concrete aggregate, fill, and rail- 
road ballast. The use of air-cooled slag as a 
road base dropped considerably below that 
of 1984. Growth areas for iron slag include 
replacement for cement in concrete con- 
struction, use as a concrete aggregate, and 


as an aggregate in bituminous mixtures. 
Steel slag was typically used as road base 
and fill. The average unit value of blast 
furnace slag increased 13%, and steel slag 
decreased 11% in unit value from that of 
1984. 

Domestic Data Coverage.—Sales, use, 
and transportation data for iron and steel 
slag are developed by the Bureau of Mines 
from a voluntary annual survey of US. 
processors. Of the 93 operations canvassed, 
all responded, representing 100% of the 
total sales or use data shown in table 1. Of 
the 93 respondents, 87 shipped processed 
slag, 4 reported their operations as idle, and 
2 reported operations as permanently cloe- 
ed. 


DOMESTIC PRODUCTION 


Domestic iron and steel slag production, 
which is not reported to the Bureau of 
Mines, apparently decreased owing to a 
slight decline in U.S. iron and steel produc- 
tion. Sales and use of iron and steel slag, 
when combined, decreased only slightly 
from that of 1984. Blast furnace slag con- 
sumption, however, decreased significantly 
but was offset by strong increases in the 
sales and use of steel slag. Sales of all kinds 
of iron and steel slag were still above the 
levels of 1982 and 1983, reflecting continued 
increases in the construction industry 
which uses most of the slag produced by 
iron and steel plants. According to the U.S. 
Department of Commerce, private nonresi- 
dential, public, and highway and bridge 
construction increased 10%, 9%, and 12%, 
respectively, in 1985.2 In general, most blast 
furnace slag processors reported decreases 


in sales, in some cases owing to a lack of 
availability of iron slag to process. Most 
steel slag processors, on the other hand, 
either reported increases in sales or their 
sales remained relatively stable. Steel slag 
sales data also increased because of the 
addition of 17 operations to the survey. 
Blast furnace slag sold or used decreased 
10% in quantity yet increased slightly in 
value compared with that of 1984, totaling 
15.1 million short tons valued at $86.9 
million. Sixty-six percent of this, in decreas- 
ing order, was marketed in Pennsylvania, 
Ohio, Indiana, and Michigan. Of the blast 
furnace slag sold or used, 89% was air 
cooled. During 1985, 38 plants processed 
iron slag, 1 plant was inactive, and 1 plant 
closed. Steel slag sold or used totaled 6.0 
million tons valued at $17.5 million, up 1396 
in quantity and only slightly in value com- 
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SLAG— IRON AND STEEL 


pared with that of 1984. Sixty plants proc- 
essed steel slag including 17 operations 
added to the 1985 survey. Of all iron and 
steel slag products shipped, 86% traveled by 
truck with an average marketing range of 
30 miles; 8% traveled by waterway with an 
average marketing range of 394 miles; and 
5% traveled by rail with an average mar- 
keting range of 153 miles. The remaining 
1% was used at the plantsite. 

Blue Circle Industries PLC, the largest 
cement manufacturer in the United King- 
dom, purchased the Atlantic Cement Co., a 
U.S. subsidiary of Newmont Mining Corp., 
in May. Atlantic’s slag cement plant in 
Sparrows Point, MD, with a capacity of 
800,000 tons per year was included in the 
purchase.? 

The National Slag Association conducted 
a survey of physical and chemical charac- 
teristics of blast furnace and steel furnace 
slags produced at U.S. operations by associ- 
ation members. Average chemical analysis 
of 18 blast furnace slag producers surveyed 
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was as follows: silica (SiO,), 36%; alumina 
(Al-O,), 10%; lime (CaO), 39%; magnesia 
(MgO), 12%; ferric oxide (Fe, O-), 0.5%; man- 
ganese oxide (MnO), 0.44%; and sulfur (S), 
1.4%. Average blast furnace slag unit 
weight was 78 pounds per cubic foot, and 
absorption was 4.3%. Average analysis of 
slag from 17 electric arc furnaces (EAF) was 
as follows: SiO,, 16.9%; Al-O,, 8.1%; CaO, 
41.2%; MgO, 10.2%; MnO, 3.6%; S, 0.23%; 
ferrous oxide (FeO), 18.1%; iron (Fe), 13.6%; 
phosphorus pentoxide (P,O,) 0.63%; and 
phosphorus (P), 0.43%. Average analysis of 
slag from 12 basic oxygen furnaces (BOF) 
was as follows: SiO,, 14.1%; Al,O,, 1.9%; 
CaO, 44.4%; MgO, 7.4%; MnO, 5.7%; S, 
0.17%; FeO, 22.4%; Fe, 20.7%; DO, 0.75%; 
and P, 0.28%. Iron analyses shown are 
averages for iron data reported separately 
by some producers. The average unit weight 
and absorption for EAF slags were 106 
pounds per cubic foot and 2.5%, and for 
BOF slags, 126 pounds per cubic foot and 
2.4%, respectively.“ 


CONSUMPTION AND USES 


Iron and steel slags, byproducts of iron- 
making and steelmaking, were utilized 
mainly by the construction industry as 
substitutes for natural aggregates and other 
construction materials. Historically, iron 
and steel slags have been used as replace- 
ment materials because of economic bene- 
fits, better characteristics for some applica- 
tions, and shortages of natural aggregates 
in some areas. 

Essentially all iron-blast-furnace slag pro- 
duced is eventually utilized. Of the air- 
cooled iron-blast-furnace slag sold or used in 
1985, 44% was used as road base, 12% as 
concrete aggregate, 11% as asphaltic con- 
crete aggregate, 10% as fill, and 8% as 
railroad ballast. The remaining 15% was 
used for producing mineral wool and in 
concrete products, roofing, sewage treat- 
ment, soil conditioning, glass manufacture, 
ice control, and other miscellaneous uses. 
Usage as a road base, while by far the 
largest end use for air-cooled iron-blast- 
furnace slag, dropped significantly in 1985, 
decreasing 27% from that of 1984. Expand- 


ed blast furnace slag was mainly used as 
lightweight concrete aggregate. Concrete 
products and all other end uses for expand- 
ed slag and for granulated blast furnace 
slag are combined under “Other” to avoid 
disclosing company proprietary data. Cur- 
rently, growth areas for iron slag include 
replacement for cement in concrete con- 
struction, use as an aggregate in bitumi- 
nous mixtures, and use as an aggregate in 
concrete. As a replacement for cement, 
ground granulated blast furnace slag offers 
a savings in natural resources and in ener- 
gy required to manufacture cement clinker. 

Approximately 3.0 million tons of steel 
slag was recycled to blast furnaces in 1985. 
The bulk of steel slag produced, however, 
was used in aggregate applications. Steel 
slag processed and sold primarily as road 
base comprised 52%; as fill, 24%; as asphal- 
tic concrete aggregate, 7%; and as railroad 
ballast, 6%. The remaining 11% was used 
for ice control and miscellaneous uses. The 
major growth areas for iron and steel slag 
usage were as fill and road base. 


PRICES 


The average unit price, f.o.b. plant, for all 
iron-blast-furnace slag sold increased 13% 
over that of 1984 to $5.75 per ton. Air-cooled 
slag increased 8% to $4.68 per ton, and 
expanded slag decreased slightly to $11.00 
per ton. Price information for granulated 


slag was withheld to avoid disclosing com- 
pany proprietary data. Steel slag unit value 
was $2.93 per ton, down 11% from that of 
1984. Higher prices in some use categories 
indicate that additional processing was re- 
quired to meet some users’ specifications. 
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U.S. export and import information for 
iron and steel slag cannot be determined 
because slag is classified in nonseparable 
combined categories. U.S. exports of slag 
are classified under the schedule heading 
Mineral Substances and Articles of Miner- 
al Substances Not Specifically Provided 
For” and “Waste and Scrap Not Specifically 
Provided For,” while U.S. imports of slag 
are classified as either “Metal Bearing Ores 
and Metal Bearing Materials" or “Waste 
and Scrap Not Specifically Provided For.” 


Blast furnace slag is exported to and im- 
ported from Canada periodically. 
Basic slag, a byproduct of basic steelmak- 
ing processes, is both exported and imported 
$ the United States for use as an artificial 
fertilizer because of its high lime and phos- 
phorus content. Statistics developed by the 
U.S. Department of Commerce, Bureau of 
the Census, indicate that in 1985, 12,000 
tons of basic slag valued at $170,220 was 
imported from Canada, and 418 tons valued 
at $26,000 was exported to Canada. 


WORLD REVIEW 


Estimated world production of iron-blast- 
furnace slag and steel slag was 126 million 
and 57 million tons, respectively. Reported 
production of iron and steel slag by country 
is incomplete owing to late reporting, insuf- 
ficiency of data, and lack of reporting by 
some countries where slag is thought of as a 
waste product rather than a resource. 

Canada.—Iron and steel slag in Canada is 
considered a waste product that creates 
disposal problems. A recent venture, plan- 
ned by the Reiss Lime Co. of Canada Ltd., 
involves the use of slag cement for backfill 
at the Sudbury and Elliot Lake uranium 
mines, Ontario. The project entails the pro- 
duction of water granulated blast furnace 
slag from The Algoma Steel Corp. Ltd.'s 
Sault Ste. Marie plant to be ground to 
cement specifications at Reiss’ Spragge op- 
eration. Slag cement was chosen over regu- 
lar cement owing to considerable cost sav- 
ings.“ The project is expected to cost $9.5 
million and provide employment for laid off 


miners.* 

European Economic Community.— 
Indicated levels of slag production were 
essentially unchanged in Europe, since iron 
and steel production increased only slightly 
compared with that of 1984. The most cur- 
rent data published by the statistical office 
of the European Economic Community 
(EEC) show that a total of 20,570,207 tons of 
iron-blast-furnace slag was produced in the 
EEC in 1984.“ 

Japan.—A world leader in iron and steel 
production, Japan produced and utilized an 
estimated 26 million tons of iron slag and 14 
million tons of steel slag, virtually the same 
as that in 1984. Approximately 40% of the 
blast furnace slag consumed was used in 
cement manufacture, and 35% was used for 
roadbed aggregate and railroad ballast. The 
remainder was used for concrete aggregate, 
fertilizer, soil conditioner, and other uses.* 
Most of the steel slag produced was used in 
road construction. 


TECHNOLOGY 


In 1984, the Oakland County Road Com- 
mission in Michigan used blast furnace slag 
in two unique roadbed designs intended to 
correct soft, unstable subsoil conditions for 
highway expansion. The first design utilized 
Tensar high-strength polymer reinforcing 
geogrids between layers of lightweight blast 
furnace slag. The Orchard Lake Road had a 
600-foot stretch of historically unstable 


roadbed to be expanded, having as much as 
25 feet of soft, saturated subsoils beneath. 
Multiple layers of compacted lightweight 
blast furnace slag alternated with layers of 
overlapping Tensar geogrid were used to 
prevent consolidation of the roadway, to 
distribute horizontal stresses, and to tie the 
subbase together. After 16 months of use, 
with average daily trips of 22,400, the high- 
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way reportedly showed no signs of stress. 

The second design, used to widen Opdyke 
Road onto soft compressive subsoil, involved 
encapsulating an 18-inch-thick by 23-foot- 
wide compacted subbase of 6A gradation 
(8/8 to 1-1/4 inches) blast furnace slag with 
a Mirafi woven stabilization fabric. The 
result was a 23-foot-wide mat foundation 
used to stabilize the subgrade and on top of 
which the roadway was constructed. The 
project was completed in 1981 and after 
about 4 years of service, with average daily 
trips of 18,000, the highway reportedly 
showed no visible signs of settlement.’ 

The Aerofall mill, a dry, air- swept grind- 
ing mill, was described in a recent paper. 
The Aerofall mill system is designed to 
process course feed material from a primary 
crusher; to separate, clean and discharge 
metallics; and to reduce nonmetallics to a 
dry ground product in a single stage. The 
mill can be used for the grinding of vari- 
ous metallurgical slags, including iron and 
steel slags. It is currently being used to 
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process iron and steel slag in Japan and 
iron-titanium slag in the Republic of South 
Africa as well as petroleum coke and vari- 
ous metallurgical drosses in the United 
States.'° 


Mineral data specialist, Division of Ferrous Metals. 
S. Department of Commerce. Construction Review. 
v. 81, No. 6, Nov.-Dec. 1985, pp. 2, 8-14. 
3Industrial Minerals (London). World of Minerals: USA- 
1888 ae to Acquire Atlantic Cement. No. 212, May 
P 
*National Slag Association. 1985 Survey of Physical and 
mical Characteristics of Blast-Furnace and Steel- 
Furnace Slags. MF185-3, 1985, 5 pp. 
gaining Journal. V. 305, No. 7826, Aug. 16, 1985, p. 118. 
nere values have been converted from 
3 dollars (CAN$) to U.S. dollars at the rate of 
ENT .3188 = US$1.00, the average exchange rate for 


"Statistical Office of the European Economic Communi- 
ty. 1985 Iron and Steel Yearbook, p. 74. 
*National Slag Association. Bulletin: DelisaHon of 
Blast. Furnace Slag in Japan. No. 4-85, Mar. 29, 1985, p. 1. 
. Slag Used in Unique For Highway Base 
Ova Very 


Sub-soil. MF185-7, 1985, 3 pp 

Heath, R. A. The Aerofall MU 1 Applied to Industrial 
Materials. Paper on 0 cle and Secondary Recovery of 
Metals, ed. by P. R. Taylor, H. . Sohn, and N. Jarred 
(Proc. at Symp. Metall. Soc. AIME, Ft. Lauderdale, FL, 
Dec. 1-4, 1985). Metall. Soc. AIME, Warrendale, PA, 1985, 
pp. 625-635. 
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Table 3.—Locations and processing methods of iron slag and sources of 
steel slag: in 1985 


ena Sources of steel slag 


Air- Ex. ` Gran "lag Open Basic — Elec- 
hearth i 


State, city, and company 


= a E E VN ER 
Fountain Sand and 
5. WE NL ML M M = 
ware: n 

International Mill 

Service co UN ER a 1 KA 1 IS 
Florida: Tampe: 

International Mill 

ServiceCo o End. 8 "m 1 m zi: 1 
Atlanta: 

International Mill 

Service Co EE 2 PER zu 1 =e Zéi 1 
International Mill 

Service Co... - SN BER 1 dus uc 1 


3 ae EA aia) 1 ae 1 ae 
Granite City: 
International Mill 
Qt WE DN T oye 1 i 1 e 
8t. Louis Slag Products i 


Harbor: 
The Levy Co. Ine 1 1 ie 1 DER 1 m 
DULL. cum T E "E 1 E 2z 
Vulcan Materials Co 1 S ees WS Eé DEN ES 
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Table 3.—Locations and processing methods of iron slag and sources of 


steel slag' in 1985 —Continued 
Processing method of 
iron slag Sources of steel alag 
State, city, and Steel 
x EES Air- Ex- Granu- slag Open We Elec- 
cooled panded lated hearth process tric 
Maryland: 
Baltimore: 
Maryland Slag Co 1 T s zs mum ES 8 
ws Point: 
Blue Circle Atlantic Ro ss 1 "s "S c" s 
C. J. Langenfelder & Sons 
Ine co A T m p 1 1 1 ENES 
Total. 1 = 1 1 1 1 rie 
Michigan: Detroit: 
Edward C. lay c Co E are 1 1 ae 1 m 1 1 
Minnesota: N 
Internati Mill 
rvice Io SEH ee 2s 1 a WE 1 
Missouri: Kansas Cit 
International Mil 
Service cod a fo FUR 1 a m 1 
New Jersey: DEE 
Perth Amboy: 
Internationa! Mill 
Service o mus SS SS, 1 Lt Pot 1 
Riverton 
International Mill 
ice xo NA 22 a 1 EN -- 1 
Total ees zu X za 2 Ro Na 2 
New York: Buffalo: 
es Crushed Stone i 
North Carolina: Charlotte: ` `` We SC? SS RE ei Be 
C -— 25 te 1 ga CAE 1 


Ohio: 
Canton: 
Heckett Coo 2S * ee 1 m S 1 
Cleveland: 
Standard Slag Co 1 SE A x m "s m 
Standard Slag Co 1 e: AM n t P nie: 
Stein nc " TN ES 1 Se? 1 
Hamilton: 
American Materials Corp 1 — Eu Em sa a "e 
Fritz Enterprises Ine 1 EH ae d REN au e 
Stein Inc ..- 2g Er EE 1 T 1 we 
Standard Slag Co le a 1 dm T M 2a 
Mansfield: 
Heckett Co a es S 1 mm ES 1 
Marion: 
Internationa! Mill 
Service o MES mm ES 1 x os 1 
Middletown: 
American Materials i 
Meee Mill i i 
Mi TOR 
v nternational Mill 
Service Co — UR ERES RM um 1 EN 
Standard Slag Co 1 MAT WS = en H Eë 
Warren: 
Heckett Co um z2 mw 1 durée 1 I 
Standard Slag xo 1 xx 21 ES Me n E 
Total 7 nt 1 8 d § 5 
Oklahoma: Sand Springs: 
Internationa! Mill 
Service co ect zt CN 1 m "S 1 


See footnote at end of table. 
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Table 3.—Locations and processing methods of iron slag and sources of 


steel slag' in 1985 —Continued 
Processing method of 
iron slag Sources of steel slag 
State, city, and com Steel : 
" and Air- Ex- Granu- slag Open Beer Elec- 
cooled panded lated hearth process tric 
Pennsylvania: 
Bala-Cynwyd 
Warner Co — 1 1 ds e Sc ex ^ 
Beaver Falls: 
International Mill 
Service Coo VM "o — 1 m EUM 1 
Belle Vernon 
Duquesne Slag Products i 
Bethlehem: 
Bethlehem Mines Corp 1 =s d TN — zS "e 
Sheridan Slag Corp- - - — M 1 Kä SE xd = c 
B ttstown: 
uquesne Slag Products 
SWA PST SE 1 = seas see =% 
Butler: 
Heckett Co... ER TR "m 1 EE 2a 1 
Coatesville: 
International Mill 
Service Co z3 RN E 1 NT us 1 
Johnstown: 
Heckett Co. — Eus sa ae 1 E SE 1 
on: 
Sheridan Slag Corp- - - — 1 MP nm TEE TON. T — 
Midland: 
International Mill 
Service co s ERE c 1 — T 1 
Mon n 
International Mill 
Service co UN ES e 1 Lo 1 ae 
Morrisville: 
Heckett Coo an a So 1 1 T mos 
Patton: 
International Mill 
Service Co as ba au. 1 -— 1 iras 
Penn Hills: 
Gascola Slag Co... "PS iS SS 1 1 "OS um 
Phoenixville: 
International Mill 
Service Coo Ss e mm 1 TU s 1 
Riddlesburg: 
New Enterprise Stone & 
Lime Co. Ine 1 "v tm "m 8 a i 
Steelton: 
Hempt Bros. Inne 2a Km ro 1 Zia PN 1 
West Aliquippa: 
Duquesne Slag Products 
CTT 1 E Kë 1 os 1 "m 
West Mifflin: 
Duquesne Slag Products i 
Duqueane Slag Products : i i 
Wheatland: 
Dunbar Slag Co. Ine 1 — "- 1 1 1 sug) 
Total. _-.____ --- 9 2 1 14 3 6 1 
South Carolina: Georgetown: 
Heckett to PEN en 2: 1 — Ee 1 
Texas: ` 
Ba : 
Heckett Co TAS mz E 1 SET zu 1 
Beaumont: 
International Mill 
Service oo ias = "m 1 te ies 1 
EI Paso: 
International Mill 
Service Co eius zu dë 1 to M 1 
Lone Star: 
Gifford-Hill Co. Ine 1 Wéi a NN ae "T be 
International Mill 
Service oo m au = 1 cn did 1 
Lo jew: 
International Mill 
Service Co wie 8 PIR 1 Eu ET 1 
Midlothian: 
International Mill 
Service Co M oe ae 1 Sch 2z 1 


See footnote at end of table. 
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Table 3.—Locations and processing methods of iron slag and sources of 
steel slag' in 1985 —Continued 
ir ram of T" Sources of steel slag 
State, city, and : 
te, city company Air- Ex- Gani slag O Basic Elec 
cooled panded lated hearth COM gen tric 
Texas —Continued 
International Mill 
rvice oo ER E m 1 ER = 1 
Total. 1 n 2 1 £x Wa 1 
Utah: 
Plymouth: 
International Mill 
Service (o Se Se m 1 Su m 1 
Heckett (o 1 Lë Ge 1 1 = ae 
Total... 1 oe 2x 2 1 ae 1 
wW n: Seattle: 
T TRE e SA POT 1 on = 1 
West Virginia: 
International Mill 
rvice o "T € 8 aa ba 
Standard Slag o 1 = a M HR z Se 
Total. 1 " Ss 1 E 1 oe 
Grand total... 31 4 3 60 5 22 40 


Number indicates the existence cf an active plant shown by processing method or furnace source; previous years 
showed the number of active processing lines for some plants. 


Table 4.—Shipments of iron and steel slag in the United States in 1985, 


by method of transportation 
tity 
Method of transportation (t 
short tona) 
Tf!!! En NRT TN) on ³ ³ AAA ĩ RR en 18,158 
E aes a a ge · a lk ⁊ĩð - a Se OS ĩð v a d 1,717 
/// IE eer Ok tM AEN LN AM E DL eA mE 973 
Not transported (used at plantsite) |... LLL SL LLL ~~~ ee eee ee 230 
Eeer ⅛ ß -- ⁊ð - ete Eee ee 21.078 


Table 5.—Air- cooled iron - blast- furnace slag sold or used: in the United States, by use 
(Thousand short tons and thousand dollars) 


U 1984 1985 
se 
Quantity Value Quantity Value 

Asphaltic concrete aggregate |. -- ----------------- 1,271 6.601 1.503 7.149 
Concrete aggregate _ — - -— - - ------------------ 1,396 6,350 1,613 8,740 
Concrete product 539 2,588 495 2,226 
Flu i. cuori ghee eLearn Re Mer oats ( 1,515 4,671 1,299 4,366 
Glass manufacture |. ----------------------——-— 165 2,022 110 W 
Mineral wool. `. eee 607 3,913 617 4,081 
Railroad bellast |... 2222222222222 22r 1,136 4.522 1,024 4,656 
Road base_ AA ⁵³ A ee eine i n 8,020 32,632 5,831 24.772 
Roofing, built-up and shing lese 283 1.670 156 1,114 
Sewage treatment̃˖!ll ----=----=--—---——-— 121 461 445 2314 
Soil conditioning --------------------------—-- 49 158 48 173 
e TEE ß ne oi es 224 701 221 33,000 

Total* 00a melt tn he 15,325 66,289 13,363 62.588 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
! Value based on selling price at plant. 

"Includes ice control, miscellaneous, and value indicated by symbol W. 

*Includes glass manufacture. 

*Data may not add to totals shown because of independent rounding. 
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Table 6.—Granulated and expanded iron-blast-furnace slags sold or used! in the 
United States, by use 


(Thousand short tons and thousand dollars) 


1984 1985 
Uses Granulated Expanded Granulated Expanded 
Quantity Value Quantity Value Quantity Value Quantity Value 
Cement manufacture ê) (5 W w (*) CH w W 
Concrete products 2 pe W W es EN M es 
1 2 „ wow 
ightweight concrete aggregate ec ao t mc 
Road base 3$) ê) W w CH a W w 
Soil conditioning à à Ww w Or ($ Ww Ww 
Other? Mes Sie 1,223 16,871 eis = 1,742 24.290 
Tol! ( * (3) 1,452 19,142 9 wl 1,742 24.290 
W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Value based on selling price at plant. 
"Included with “Expanded” to avoid disclosing company proprietary data. 
*Includes miscellaneous and data indicated by symbol W. 
Table 7.—Steel slag sold or used' in the United States, by use 
(Thousand short tons and thousand dollars) 
U 1984 1985 
se 
Quantity Value Quantity Value 
Asphaltic concrete aggregate „ 551 2,854 411 1,811 
Fi L J AEE LIPPE NT HORSE VAT PHONES 1,037 3,230 1,436 4,145 
Rail ballast —. - --- -- -------- ⁰⁰vw W W 65 1.249 
Die o n ⁵ ⁵ n ih Se pita LE 2.595 7,463 3.079 9.050 
Other? ss 8 1,104 3,780 674 1,219 
ROO eo d ee ee m. mn eee ee 5,281 17,321 5,972 17,472 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 

‘Excludes tonnage returned to furnace for charge material. Value based on selling price at plant. 
*Includes ice control, soil conditioning, miscellaneous uses, and data indicated by symbol W. 
Data may not add to totals shown because of independent rounding. 


Table 8.—Average value at the plant for iron and steel slags sold or used in the 


United States 
(Dollars per short ton) 
Iron-blast-furnace 
Year Ai ou DM Tu E Oy 
r- e 

cooled lated. Expanded ` Geer lg "E "M 
EEN 4.16 4.00 6.19 4.26 3.08 3.98 
1982 E:: 4.17 5.42 8.91 4.40 3.07 4.07 
J ĩ VVT 4.12 W 9.67 4.78 3.01 431 
f 4.33 W 11.49 5.09 3.28 4.66 
105. 39 EE 4.68 w 11.00 5.75 2.98 4.95 


W Withheld to avoid disclosing company proprietary data. 
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Table 9.—Average selling price and range of selling prices at the plant for iron and steel 
slags in the United States in 1985, by use 


(Dollars per short ton) 
Iron-blast-furnace slag Steel slag 
Use Air-cooled Granulated Expanded 
re Average Range 
Average Range Average Range Average Range 
Asphaltic concrete 
ate 4.75 2.01. 8.00 T ecd mre ew 434 1.28826 
Cement manufacture M W ES EN ME uoa: 
Concrete aggregate... .. — 541 276- 7.01 Se = See za PS geg 
Concrete products ... 4.49 3.00- 7.01 m 22 C2 mee 2 ss 
Fill tie eegen 8.85 2.00- 5.91 W wW RS ous 2.88 5246.15 
Glass manufacture W W TUN TEM 25 uu MN Se 
Lightweight concrete 
tO ee e ie, ete E 11.00 9.00-12.67 " == 
Mineral wool .....- 6.61 2.75-10.54 ee Zg Èa Se = MS 
ilroad eae 454 2.75- 7.60 SS 2 EE Se $41 75.48 
Road base 424 2.29- 7.01 wW W SE = 2.98 708.21 
Roofing, built-up 
and shingles ..... 7.18  8.51-10.64 WS SS zc e us = 
Sewage treatment 5.20 3.51- 7.55 2a È Se e —— SN 
Soil conditioning 3.58 3.00- 5.28 W x oed 
Wo mec 4.06 1.73- 5.68 ES "M t MA 1.80 1.00-8.18 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Sodium Compounds 


By Dennis S. Kostick! 


The U.S. soda ash industry took advan- 
tage of the tight supply of foreign soda ash 
for the world market by increasing its 
export sales, which reached a record-high 
level. Domestic consumption of soda ash 
decreased for the third consecutive year 
because of competition from recycled glass, 
or cullet, and continued erosion of the glass 
container market by polyethylene ter- 
ephthalate (PET) bottles. Domestic produc- 
tion of natural and synthetic sodium sulfate 
decreased to an all-time low because of the 
closure of two byproduct sodium sulfate 
plants and the availability of inexpensive 


substitutive caustic soda and emulsified sul- 
fur 


Domestic Data Coverage.—Domestic pro- 
duction data for soda ash and sodium sul- 
fate are developed by the Bureau of Mines 
from monthly and annual voluntary sur- 
veys of U.S. operations. Of the eight soda 
ash operations and four sodium sulfate 
operations to which a survey request was 
sent, all responded, representing 10096 of 
the total production data shown in table 1. 
Two soda ash producers did not report sales 
value on these forms; however, their data 
were estimated and included in table 1. 


Table 1.—Salient sodium compound statistics 
(Thousand short tons and thousand dollars) 


— — mm — — — — mm. mm em m mmo zem wm pm wm wm 


World: uction 


*Estimated. Preliminary. 


ER apparent Bet c E 


— — mm mm — mm — o mm i — —— —— — — em 


Soda ash Sodium sulfate 

1984 1985 1984 1985 
" 8,511 8,597 872 827 
— *$611,000  *$622.253 $80,433 $76,237 
We 1,648 31771 16 119 
Sg $160,774  3$186,064 $9,587 $11,899 
WW 17 56 265 194 
ae $2,301 089 $21,198 $14,492 
geg 1322 4428 559 53] 
e 6,864 6,777 1,050 930 
e P31:126 *31,628 P4697 4,647 


Includes natural and synthetic. Total production data for sodium sulfate obtained from the Bureau of the Census. 
value for soda ash includes synthetic soda ash. The value for synthetic sodium sulfate is based upon the average 


value for natural sodium sulfate. 


Export data from the Bureau of the Census were adjusted by the Bureau of Mines pending data reconciliation between 
the Bureau of the Census and the American Natural Soda Ash Corp. 


“Includes synthetic soda ash. 
5Natural only. 
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Legislation and Government Pro- 
grams.—The U.S. Department of Commerce 
and several members of the U.S. Congress 
supported soda ash for inclusion on the 
President's Trade Strike Force. Trade barri- 
ers, such as inhibitive import permits, tar- 
iffs, embargoes, and nonenforcement of an- 
timonopoly laws, in several countries have 
impeded the export efforts of the U.S. soda 


MINERALS YEARBOOK, 1985 


ash industry. These trade practices served 
to protect the host countries’ synthetic soda 
ash production facilities. Whereas certain 
domestic mineral industries had sought and 
been denied Federal action for relief from 
low-cost imports, the soda ash industry was 
seeking Government support for its export 
efforts. Further discussions on this issue 
were planned for 1986. 


DOMESTIC PRODUCTION 


Soda Ash.—The domestic industry oper- 
ated at 76% of combined nameplate capaci- 
ty as production of natural and synthetic 
soda ash increased for the third consecutive 
year to reach a record high despite a slight 
decline in the amount of Wyoming soda ash 
produced. Wyoming trona production by 
five companies was 11,796,000 million short 
tons, or 9% less than the record high of 
12,906,000 million tons reported in 1980. 
This decrease was attributed to an increase 
in the soda ash-trona refining efficiency 
ratio—more tons of soda ash processed from 
fewer tons of trona mined—and the de- 
crease in Wyoming soda ash production. 

Acquisitions and divestitures by parent 
corporations affected some of the domestic 
soda ash companies. Chesebrough-Ponds 
Inc. acquired Stauffer Chemical Co.; Ana- 
conda Minerals Co. sought a buyer for its 
share of a sodium carbonate deposit at 
Searles Lake in California; and Allied Corp. 
announced plans to close its 700,000-ton-per- 


year synthetic soda ash plant by March 
1986. Allied later merged with Signal Corp. 
to become Allied-Signal Corp. and trans- 
ferred its soda ash operations to the Henley 
Group, a newly formed spinoff company. 
Allied's announcement prompted Church & 
Dwight Co. Inc., the Nation's largest sodium 
bicarbonate manufacturer, to cease produc- 
tion at its 96,000-ton-per-year facility, which 
used sodium carbonate from Allied as feed- 
Stock. 

Kerr-McGee Chemical Corp. announced 
that all soda ash production would be phas- 
ed out at its Searles Lake Westend facility 
by 1987. The plant has had a capacity of 
about 150,000 tons per year. FMC Wyoming 
Corp. began solution mining commercial 
quantities of soda ash. Upon reaching full- 
scale production planned for 1987, the oper- 
ation was expected to have more than 
250,000 tons per year of soda ash capacity, 
which would replace a comparable amount 
of underground mining capacity. 


Table 2.—Producers of soda ash and natural sodium sulfate in 1985 


Plant nameplate 
Product and company capacity Plant location Source of sodium 
(thousand short tons) 
Soda ash, natural: 
Allied Chemical Cal... 2,200 Green River, Underground trona. 
FMC Wyoming Corp 3 2.850 de De 
Kerr-McGee Chemical Corr 1,300 Argus, CA. Dry lake brine. 
Do scum p d uere ace 150 Westend, CA Do. 
Stauffer Chemical Co. of Wyoming 1,960 Green River, Underground trona. 
Tenneco Minerals Co... 1,000 ___-do____ Do. 
T.G. Ash Int- suec eue nerd 1,100 Granger, WY _ Do. 
Soda ash, synthetic: 
Allied Chemical Co!“ 700 Syracuse, NY_ Ammonia-soda 
process. 
M/ ³ðWA—AA iar s en uie ete 11,260 
Sodium sulfate: 
Great Salt Lake Minerals & Chemicals Corp.* _ 50 Ogden, UT Salt lake brine. 
Kerr-McGee Chemical Cor 240 Westend. CA Pry ake brine. 
Ozark-Mahoning oo 70 Brownfield, S rranean brine. 
';!!! aie See ee 150 Seagraves, TX Do. 
Total 510 


me mee eee ei — 2 — 


Allied Corp. merged with Signal Corp. to become Allied-Signal Corp. 

* Acquired by Chesebrough-Ponds Inc. 

*Plant was downrated from 900,000 tons per year in Jan. 1983. 

*Solar ponds were flooded May 5, 1984. No significant production in 1985. 


SODIUM COMPOUNDS 


Sodium Sulfate.—Allied-Signal perma- 
nently closed its sodium bichromate and 
byproduct sodium sulfate facility at Balti- 
more, MD, at midyear. Climax Chemical 
Corp. modified its Grantsville, UT, plant to 
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produce potassium sulfate instead of sodium 
sulfate. These actions resulted in the loss of 
about 135,000 tons of sodium sulfate annual 
capacity. 


Table 3.—Synthetic and natural sodium carbonates produced in the United States 
(Thousand short tons and thousand dollars) 


CI 
: Natura) sodium 
(ammonia- 
quantity 
process)? 
Quantity Quantity Value? 

TSNI cs tee dues ee w w 787,469 8,281 
Cro MS TEE w w 121,257 7,819 
, W w 5685. 100 8.467 
1JJö;öiÜßͤ§ͤww 88 W WwW 611.000 8.511 
IURB. S LE ² ² . e us ˙— orsa me e w w 622,258 8.597 


*Estimated. W Withheld to avoid disclosing company proprietary data. 
Includes quantities used to manufacture caustic soda, sodium bicarbonate, and finished light and dense soda ash. 


ash and trona (seequicarbonate). 
Includes value for synthetic soda ash. 


Table 4.—Synthetic and natural sodium sulfate! produced in the United States 
(Thousand short tons and thousand dollars) 


Year 


Synthetic and natural? 


(quantity) Natural 
xii 
rit i ‘ f 
99% or Links Total Quantity Value 
less) 

666 445 1,111 608 43,186 

468 401 864 W 

421 421 855 423 89,425 

1428 1444 872 435 40,125 
401 428 827 389 ,860 


"Revised. W Withheld to avoid disclosing company proprietary data. 


All quantities converted to 100% Nas S0. basis. 


Current Industrial Reports, Inorganic Chemicals, Bureau of the Census. 


*Includes Glauber's salt. 


*Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Soda Ash.—Increased use of PET contain- 
ers by the food and beverage industries 
continued to inhibit sales of soda ash to the 
glass container industry. Approximately 1.3 
million tons of cullet collected for reuse also 
reduced soda ash sales. These losses were 
offset by the strength of the construction 
and automotive industries, which were ma- 
jor consumers of fiberglass and of flat glass, 
accounting for 55% and 20% of the total 
flat glass market, respectively. As automo- 
bile manufacturers strive to reduce vehicle 
weight and thereby gasoline consumption, 
the quantity of glass per vehicle was fore- 
cast to decrease nearly 1396 by 1992.* 


Liquid detergents have become increas- 
ingly popular among consumers because of 
their convenience. In 1985, the market 
share of liquid home detergents increased 
5% over that of 1984 and represented 30% 
of the home detergent market. Because 
powdered detergents contain soda ash in 
their formulations, but liquid detergents do 
not, the increasing preference for liquid 
detergents was expected to constrain do- 
mestic soda ash demand. The use of soda 
ash in the manufacture of sodium tripoly- 
phosphate (STPP) for powdered detergents 
increased 4% in 1985, despite the ban of 
STPP in one-fourth of the States because of 


886 


environmental considerations. 

Sodium Sulfate.—A pparent consumption 
decreased to an all-time low because of 
competition from inexpensive and available 
caustic soda and emulsified sulfur, which 
were substituted for low-purity sodium sul- 
fate, known as saltcake, in the pulp and 
paper industry. In addition, the use of 
sodium sulfate declined in glass container 
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manufacturing and in detergent produc- 
tion. Sodium sulfate had been used as a 
filler in powdered detergent formulations, 
but most manufacturers were removing fill- 
ers and replacing them with additional 
builders, such as STPP. Liquid detergents 
do not contain sodium sulfate in their com- 
position. 


Table 5.— Estimated consumption of soda ash in the United States, by end use 


(Thousand short tons) 
End use 1984 1985 

Glass: 
38 5 e,, one ee e he pim rone 2,300 2,200 
Hone eg ap MOD d ah fe 600 700 
Fiber LE SEE st Ra Nh e EE A A yd Ns as a se be f E 250 275 
Dn Bie EE EE EEE eta, di T ĩ 8 250 225 
Tota] d ̃ ß EE 8,400 3,400 
Chemicals- ⁵ ET... 86 1.550 1.500 
Soaps and 5 EE f ĩ ̃ ß Se ae UNUS 600 600 
III i ee ee ee d 250 350 
8 an Mack reí Cc MEM 600 600 
EE 464 321 
z ß e tU da ud gees 3,464 3,311 
Grand e EE 6,864 Ch 


Includes soda ash used in petroleum and metal refining, leather tanning, enamels, etc. 


STOCKS 


Soda Ash.—Yearend stocks of dense and 
light soda ash in plant silos, warehouses, 
terminals, and on teamtracks amounted to 
428,000 tons, or 33% more than 1984 year- 
end inventories. 


Sodium Sulfate.—Inventories of natural 
sodium sulfate decreased 47%, primarily 
because of reduced domestic industry pro- 
duction capability and weak domestic de- 
mand. 


Soda Ash.—In mid-1985, the soda ash 
industry reduced the temporary voluntary 
allowance on soda ash from $11 to $7 per 
ton. This action effectively raised the f.o.b. 
price per ton from $79 to $83 in Wyoming 
and from $109.25 to $113.25 in California. 
The average annual value of natural soda 


ash, f.o.b. Green River, WY, and Searles 
Valley, CA, was estimated to be $67.82 per 
ton. 

Sodium Sulfate.—The average annual 
value of bulk natural product, f.o.b. mine or 
plant, was $92.19 per ton. 
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Table 6.—Sodium compounds yearend prices 


Sodium W (soda ash) 


Light, 1 works i Sk te 
pm car ots, Works EES 
onse ied end piena works 
car ots, i EE 


Light, 


3 sulfate (100% Naa3SO4J: 


Technical detergent, rayon grade, bags, carlots 
Sodium sulfate, bulk, carlots, Work)... 
Domestic salt cake, bulk, works! _______________ 


1East of Mississippi River. 


1984 1985 
erer per ton $150.00 $150.00 
8 88 123.00 123.00 
e do- 120.00 120.00 
„ do— 90.00 90.00 
3 do... $90.00. 96.00 $90.00- 96.00 
5 do  11300- 114.00 113.00. 114.00 
a eai ae do- 47.00. 53.00 47.00- 53.00 
S per pound. — .235 .235 


Source: Chemical Marketing GE Prices of Chemicals and Related Materials. V. 226, No. 27, Dec. 31, 1984, 


p. 27, and v. 227, No. 27, Dec. 30, 1985, p. 


FOREIGN TRADE 


Soda Ash.—Exports of 1.639 million tons 
of soda ash reported by the Bureau of the 
Census were adjusted to include an addi- 
tional 132,000 tons, pending data reconcilia- 
tion between the Bureau of the Census and 
the American National Soda Ash Corp. 
Total exports, as adjusted by the Bureau of 
Mines, were 1.771 million tons. Exports to 
43 countries, on a regional basis, were as 
follows: Asia, 60%; North America, 14%; 
Latin America, 12%; Africa, 9%; Oceania, 
3%; and the Caribbean and Europe, 1% 
each. 

At yearend, the Republic of Korea agreed 
to lift import controls on 603 products, 
including soda ash, over the following 3 
years. This action offered potential for in- 
creasing U.S. exports. 

Four companies comprising the Japanese 
synthetic soda ash industry considered fil- 


ing dumping charges against U.S. produc- 
ers. The Japanese claimed that U.S. soda 
ash consumers paid $92 per ton at the mine 
whereas exports to Japan were priced at $66 
per ton.“ 


Table 7.—U.S. exports of sodium carbonate 
and sodium sulfate 


(Thousand short tons and thousand dollars) 


Y Sodium carbonate Sodium sulfate 
ear — — .— — 
Quantity Value! Quantity Value! 
1982 _____ 1109 140,616 111 12,162 
19888 1.636 154,584 91 11.380 
1984 _____ 1,648 160,774 76 9,587 
1985 ` 31771 7186,064 119 11,899 


1Free alongside ship (f.a.s.) value at U.S. port. 
* Adjusted by the Bureau of Mines to account for 
discrepancies in data. 


Source: Bureau of the Census. 


Table 8.—U.S. imports for consumption of sodium sulfate 
(Thousand short tons and thousand dollars) 


Crude (salt cake)! Anhydrous Total! 
Quantity Value” Quantity Value? Quantity Value? 
210 13,820 184 14,938 394 28,158 
144 10,312 199 17,609 343 21,921 
61 4,223 204 16,975 265 21,198 
40 2,549 154 11,943 194 14,492 


Includes Glauber's sait as follows: 1982—2 tons ($1,241); 1983—3 tons ($1,648); and 1984—12 tons ($4,997). 


stoms, insurance, and freight (c.i.f.) value at U.S. port. 


Source: Bureau of the Census. 


——— 2 uxZ— —¾— — — — i 
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Table 9.—U.S. imports for consumption of sodium carbonate 


1984 1985 
Quantity Value’ Quantity Value’ 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
Sodium carbonate, calcineezceee....lſ 16,659 $2,292 56,198 $8,085 
Sodium carbonate, hydrated, and seequicarbonate - -- ------------ 5 9 4 4 
KK WEE 16,664 2,301 56,202 8,089 


1Customs, insurance, and freight (c.i.f.) value at U.S. port. 


Source: Bureau of the Census. 


WORLD REVIEW 


Egypt.—At midyear, MISR Chemical In- 
dustries Co., the Nation’s sole soda ash 
producer, elected Chemieanlagen Co. of the 
German Democratic Republic and Krebs 
and Co. of France as engineering contrac- 
tors for the proposed expansion of produc- 
tion capacity at the El Mex synthetic soda 
ash facility. If completed, the project could 
increase total capacity from 80,000 tons to 
200,000 tons per year. 

India.—The Government reduced duties 
from 70% to 35% on light soda ash imports 
and from 70% to 15% on dense soda ash 
imports. These duty reductions were in 
response to a surge in soda ash demand by 
the Indian detergent industry and soda ash 
supply problems. The light soda ash duty 
was expected to be reduced to 25% in early 
1986. Less expensive imports were expected 


to ease the supply imbalance temporarily. 
In addition, in 1985 approval was granted to 
construct five new synthetic soda ash plants 
to increase India’s production capability.* 

Turkey.—Progress continued toward de- 
velopment of the Baypazari trona deposit as 
FMC and Etibank, the state-owned mining 
company, each agreed to have a 35% equity 
share in the venture; the International 
Bank for Reconstruction and Development 
held 10%, and private Turkish investors 
held the remainder. Turkey has been an 
associate member of the European Econom- 
ic Community. Full member status by the 
early 1990’s when the project is targeted for 
completion could provide FMC with a com- 
petitive advantage for supplying soda ash to 
western European markets." 


Table 10.—Sodium carbonate: World production, by country! 


(Short tons) 

Country 1981 1982 1983 1984P 1985* 
Ahr suse eee 27,600 129,700 790,800 F38 000 34,100 
Australia 330,000 330,000 330,000 330,000 830,000 
AUN ] a Co ðͤ v 8 190,000 190,000 190,000 165,000 165,000 
Bl!!! el oe eee 300,931 361,170 286,340 451,224 500.000 

Panlo. eek Be ͤ K 201,234 219,360 231,485 *210,000 210,000 
Of EE 1,618,948 1,607,940 1,400,918 1.610.000 1,610,000 
Canada.. 500,000 500.000 470,000 ,000 000 
Chad? EE 5,500 5,500 NA NA NA 
Chil eso ß 11,000 NA NA NA 
China EE RENE 1,821,016 1,911,406 1.976.442 2.070, 000 2.200.000 
Soll 88 117,087 122,136 130,392 142,683 140,000 
Ceechoglovnkin ----------------—- 130,293 117,313 104,694 111,711 110,000 
Denmark? -2 oes 8 164 131 159 139 138 

SEENEN AM 25,154 45,496 47,399 *45,000 45,000 
Francet 5c . 88 1,765,000 71, 100,000 1,100,000 1990, 000 990,000 
rman Democratic Republic... __- 967,828 972, 977,749 981,056 990.000 
Germany, Federal Republic of... 1,310,647 1,218,053 1,342,614 1,503,551 1,600,000 
Greece? LL LL LL ce eae 1,100 1,100 1,100 1,100 1.100 
TEE EE *676,000 646,836 820,481 915,869 850.000 
PEI uum Ed eee ee 105,000 100,000 95, 100,000 100.000 
7 bru rur ds EE eer E LES 1,298,185 1,281,323 1.216.265 1.142.140 1.290.000 
Kenya? ` 2 neni encontre 8 215,518 176,855 213,506 249,177 250,000 
Korea, Republic of... 222,736 ,666 254,193 3,292 276.559 


See footnotes at end of table. 
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Table 10.—Sodium carbonate: World production, by country' —Continued 


(Short tons) 
Country 1981 1982 1983 1984” 1985° 

M EE TE EA REA 442,026 429,901 *440,000 466,300 *504,000 

NE ² = EE ets EN 460,000 460,000 460,000 440,000 440,000 

Wen ME . eae ED (* (ê) (9) (ê) 5 

P. AAA 111,507 109.254 112.400 135,000 130,000 

„ VE eee sates tooo See 771,617 822,323 909,406 1,011,921 940,000 
„ Ee 00 190,000 190,000 180,000 165,000 165,000 
TTT!!! ³˙·¹wꝛ EE EENS 1,020,739 959,010 868,620 881,848 890,000 
(o P xi. Ain? EE ege 550,000 550,000 550,000 610,000 610,000 
` cL ROE ed in wat EE (ê) (9) ($) (9) PN 
BM". Los s EE 51,000 150.000 50,000 49.000 50,000 
Jr (ies op honed ces. EE 19,431 65,279 103,419 118,179 110,000 
Turkey 8 PPT 65.000 65,000 165.000 65,000 65,000 
E .. AE 5,357,227 5,250,303 5,620,679 5.639.418 5,730,000 
/ ²˙ en eed eee 1,430,000 1,430,000 1,430,000 "1,100,000 1,100,000 
GI Cp TU meme EE CNN 8,281,495 1,819,083 8,467,118 — 8,511,359 591,180 
LC TEE EE 162,212 200,488 202,135 207,555 ,053 
TT seca oe So cect Reece oe es Se aa ae 730,879,861 "29,541,863 30,678,314 31,125,522 31,628,130 


*Estimated. Preliminary. "Revised. NA Not available. 
Table includes data available through May 6, 1986. Synthetic unless otherwise specified. 


Natural only. 
ase for sale only; excludes output consumed by producers. 
Includes natural and synthetic. 
*Revised to zero. 
Table 11.—Sodium sulfate: World production, by country! 
(Thousand short tons) 
Country? 1981 1982 1983 1984” 1985* 
Natural: 
c A E 57 47 50 50 44 
(RRO, asec A 8 590 603 500 427 413 
„„ E E EEN (*) 1 1 1 1 
DN TORERE ATA 3 2 . 2 
r .. 11 11 13 13 13 
PPP ꝗ— — eee "465 1519 436 456 463 
South Africa, Republic ot. 5 3 1 1 ($) 
T Lan ĩͤ Gi cda d 207 232 345 405 364 
e T a AER ˙ See 73 72 68 92 94 
PPT 386 397 397 397 408 
. ̃ Ä— RE 608 "TW 423 435 *389 
QURE Li . octet 72,405 1.888 2,236 2,279 2,191 
Synthetic: 
NUN" EE SE T 61 61 61 55 55 
DS oo ˙—A AA 216 216 216 276 287 
PPP 6⁴ 52 57 63 61 
TTP ˙Ü0»—̃ ̃7˙r˙u eee EE De 144 144 39 199 39 
T ĩ· 5 ̃⅛˙ dL Gn Mop 165 165 165 132 138 
German Democratic Republic, 141 157 168 181 182 
Germany, Federal Republic ol. 281 236 138 141 149 
oe acre Saco nie ——— E ee "n1 Tg wir r e10 10 
ungary 88 d 11 11 11 11 11 
T——ͤͤͤ MPO en we 94 99 88 88 
P 314 282 287 307 320 
TT E EE 55 55 55 50 50 
Portugal” E qi Sct SS ee ans Eod El qn reg 864 63 62 55 55 
SN TU ILE E EOE E 193 187 187 187 176 
Sweden ee Ge, ee ae aedes 1110 7110 7110 1110 110 


See footnotes at end of table. 
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Table 11.—Sodium sulfate: World production, by country! —Continued 


(Thousand short tons) 
Country? 1981 1982 1983 1984P 1985* 
Synthetic: —Continued 
USSR? JL oes mE 276 276 276 276 287 
United Ste ee 503 7864 432 431 #438 
ff ˙·—w . 72,668 72,941 2,432 2,418 2,456 
Grande 8 15,073 14.829 4.668 4.697 4,641 


Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 


1Table includes data available through May 6, 1986. 


In addition to the countries listed, China, Norway, Poland, Romania, Switzerland, and the United Kingdom are known 


to or are assumed 
commodity, but 
formulation of reliable estimates of output levels. 


to have produced synthetic 


ium sulfate, and other unlisted countries may have produced this 
production figures are not reported, and available general information is not adequate for the 


3Natural mine 1 excluding byproduct output from the nitrate industry, which is reported separately under 
e. 


“ thetic” in this ta 
Lees than 1/2 unit. 


Series reflects output reported by Industrias Penoles S.A. de C.V., Mexico's principal producer, plus an additional 


22,000 short tons (estimated) by a smaller producer. 


Conjectural estimates based on 1968 information on natural sodium sulfate and general economic conditions. 
"Natural sodium sulfate included with synthetic sodium sulfate production. 


Reported figure. 
*Byproduct of nitrate industry. 


10Quantities of synthetic sodium sulfate credited to Spain are reported in official sources in a way such as to indicate 
that they are in addition to the quantities reported as mined (reported in this table under “Natural’’), but some 


duplication may exist. 


!Derived approximate figures; data presented are the difference between reported total sodium sulfate production 
(natural and synthetic not differentiated) and reported natural sodium sulfate sold by producers (reported under 


"Natural" in this table). 


TECHNOLOGY 


FMC designed and built a flue gas desul- 
furization unit that was installed at year- 
end, with the cooperation of the City of 
Colorado Springs Department of Utilities, 
on a coal-fired boiler at the Nixon power- 
plant in Fountain, CO. The scrubbing agent, 
sodium sesquicarbonate, reacted with sulfur 
oxide emissions from the burning coal to 
form sodium sulfite and sodium sulfate. 
Reducing sulfur oxide emissions by 70% is 
required to comply with new Environmen- 
tal Protection Agency standards and Colo- 
rado air quality regulations. Eventually, 
sodium bicarbonate and trona also were to 
be tested as scrubbing agents. Proof of the 
economic effectiveness of any of these com- 
modities as desulfurizing mediums could be 
a significant boon to the Wyoming soda ash 
industry, which has sustained stagnant or 
declining domestic soda ash demand.* 

Ontario Paper Co. at Thorold, Ontario, 
Canada, developed a process to produce 
sodium bicarbonate as a byproduct of pulp 
and paper manufacturing. By reacting car- 


bon dioxide with a solution containing sodi- 
um carbonate and sodium sulfate, which 
usually are recovered and recycled in a pulp 
and paper operation, the sodium carbonate 
was converted to sodium bicarbonate and 
the sodium sulfate could be separated subee- 
quently by fractional crystallization. A sub- 
stantial increase in domestic sodium bicar- 
bonate demand could promote the use of 
this technique in U.S. pulp mills.* 


Physical scientist, Division of Industrial Minerals. 

*U.S. Senate. Barriers to U.S. Exports. Congr. Rec. 
v. 131, No. 177, Dec. 19, 1985, pp. S18380-S18385. 

Chemical Week. In New Cars, Plastics Are Taking the 
Driver's Seat. V. 137, No. 17, 1985, pp. 6-8. 

*Glass Industry. Japanese Producers Charge Soda Ash 
Dumping. V. 66, No. 13, 1985, p. 10. 

®Industrial Minerals (London). Egyptian Soda Ash Plant 
Retrofit. No. 216, 1985, p. 94. 

*European Chemical News. V. 45, No. 1196, 1985, p. 9. 

"Industrial Minerals (London). Soda Ash Progress. No. 
220, 1986, p. 11. 

SSC Trona in Desulfurization. No. 222, 1986, 
p. 25. 

*Corpus Chemical Report. Ontario Paper Considering 
ER Bicarbonate Project. V. 17, No. 38, Sept. 23, 1985, 
p. 1. 


Crushed Stone 


By Valentin V. Tepordei: 


A total of 1.0 billion short tons of crushed 
stone valued at $4.1 billion, f.o.b. plant, was 
reported produced in the United States in 
1985. The tonnage is 9% below the record- 
high production of 1979 but 5% higher than 
the estimated production of 1984. About 
three-quarters of the crushed stone produc- 
tion continued to be limestone and dolo- 
mite, followed by granite, traprock, sand- 
stone and quartzite, shell, calcareous marl, 
volcanic cinder, marble, and slate, in order 
of volume. 

Exports of crushed stone were unchanged 
from the 1984 level, while imports for con- 
sumption decreased 7%. Ninety-five per- 
cent of the exported and 48% of the import- 
ed crushed stone was limestone. Apparent 


consumption of crushed stone was 1.0 bil- 
lion tons. 

Domestic Data Coverage.—Domestic pro- 
duction data for crushed stone are devel- 
oped by the Bureau of Mines from volun- 
tary surveys of U.S. producers. Beginning 
with 1981, full surveys of crushed stone 
producers were conducted for odd-num- 
bered years only. For even-numbered years, 
annual preliminary surveys, which collect 
production information on a sample basis, 
are conducted to generate annual estimates 
at the State level. This survey canvasses 
most of the large companies in each State 
producing up to 7596 of that State's total 
tonnage. 


Table 1.—Salient U.S. crushed stone statistics 
(Thousand short tons and thousand dollars) 


1981 1982 1983 1984 1985 
Sold or used by producers: 

Quantity? EE 812,600 790.030 861.600 956.000 1,000,800 
ee $8,125,000 2.918.300 $3,327,000 °$3,755,600 — $4,053, 
Exports (value) --—------------------ $25,949 $19,026 $23,021 $23,970 $29,347 
Imports for consumption (value) $13,473 $16,382 ?$12,610 3$11,543 3$11,640 


Estimated. "Revised. 


Does not include American Samoa, Guam, Puerto Rico, and the Virgin Islands. 


Excludes precipitated calcium carbonate. 


Of the 4,788 crushed stone operations 
surveyed by the Bureau of Mines in 1985, 
3,557 were active. Of these, 3,147, or 88.5%, 
responded. Their total production repre- 
sented 87.6% of the U.S. total crushed stone 
output. The nonrespondents' production 
was estimated using adjusted prior years 
production reports and/or employment da- 
ta. Of the 3,147 reporting operations, some 
did not indicate a breakdown by end use. 
Their production as well as that of 1,350 
nonrespondents, representing 19.1% of the 
U.S. total, is included in tables 11, 18, 15-18 
under “Other unspecified uses.” A total of 


1,205 operations were either idle or presum- 
ed to be idle, because no information was 
available to estimate their production. A 
significant number of the idle quarries were 
operated by State and local governments, 
mostly to supply crushed stone for mainte- 
nance or road construction projects. 
Legislation and Government Pro- 
grams.—On March 5, the U.S. Congress 
approved the Interstate Cost Estimate (ICE) 
legislation that retroactively gave the U.S. 
Department of Transportation the authori- 
ty to disburse to the States construction 
funds collected into the Federal Highway 
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Trust Fund for the period ending Septem- 
ber 30, 1985. On September 19, 1985, addi- 
tional ICE legislation was passed by the 
U.S. Congress for the period ending Septem- 
ber 30, 1986. Most of these funds were used 
for highway construction and repair work, 
and their late release impacted to some 
extent upon the demand for crushed stone. 
In August, the Environmental Protection 
Agency (EPA) issued its final regulations 
establishing particulate emission standards 
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of performance for nonmetallic mineral 
processing plants. These regulations went 
into effect on August 1, 1985, and will be 
implemented under section III of the Clean 
Air Act. The standards were based on emis- 
sion levels achievable using well-designed 
and operated baghouse controls or wet-dust 
suppression techniques. The standards ap- 
ply to new, modified, and reconstructed 
facilities at plants processing 18 nonmetal- 
lic minerals, including crushed stone. 


DOMESTIC PRODUCTION 


Of the total 1.0 billion tons of crushed 
Stone produced in the United States, 716 
million tons or 72% was limestone and 
dolomite, 145 million tons or 15% was 
granite, and 84 million tons or 8% was 
traprock. À comparison of the four major 
geographic regions indicated that in 1985, 
the South continued to lead the Nation in 
the production of crushed stone with 51% of 
the total, followed by the North Central 
with 25%, and the Northeast with 14%. 
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"Includes Alaska and Howaii 
Production (million short tons) 


Approximately 76% of the total U.S. crush- 
ed stone output was produced in two major 
geographic regions, the South and North 
Central. 

Of the nine geographic regions, the South 
Atlantic led the Nation in the production of 
crushed stone with 266 million tons or 27% 
of the U.S. total. Next was the East North 
Central region with 148 million tons or 15% 
of the total, followed by the West South 
Central with 137 million tons or 14%. 


"am "re — 
-— f WEST NORTH CENTRAL 


EAST SOUTH 
CENTRAL 


Figure 1.—Production of crushed stone in the United States in 1985, by geographic 


A comparison of the estimated 1984 and 
reported 1985 production data by regions 
indicated that the output of crushed stone 
increased in all regions except the East 
North Central. The largest increases were 
recorded in Middle Atlantic, 12%; West 


North Central, 10%; and South Atlantic, 
1%. 

Based on 1980 census data on population, 
per capita crushed stone production in 1985 
was 4.4 tons. At the regional level, per 
capita production was 6.7 tons in the South, 


CRUSHED STONE 


followed by the North Central with 4.3 tons, 
the Northeast with 2.8 tons, and the West 
with 2.4 tons. 

Crushed stone was produced in every 
State except Delaware. The 10 leading 
States in the production of crushed stone, in 
order of volume, were Texas, Florida, Penn- 
sylvania, Georgia, Virginia, Missouri, North 
Carolina, California, Illinois, and Ohio. 
Their combined production represented 
54% of the national total. 

Production of crushed stone increased in 
31 States, including 7 of the top 10. The 
increases, in order of volume, were signifi- 
cant in Missouri, Pennsylvania, and Geor- 
gia, while Illinois, Texas, and Ohio were the 
only high producing States that showed a 
decrease in output. 

Most of the crushed stone produced came 
from quarries with an annual output larger 
than 300,000 tons. Of the total tonnage 
produced, 941 quarries, representing 26% of 
the total number of active operations, pro- 
duced 80%; of these, 218 quarries with an 
annual output of more than 1,000,000 tons 
produced 40%. The number of large quar- 
ries and their share of the market continues 
to increase, while the number of small 
operations is on the decrease. 

The 10 leading producers of crushed stone 
were, in descending order of tonnage: Vul- 
can Materials Co., Martin Marietta Aggre- 
gates, Koppers Co. Inc., Lone Star Indus- 
tries Inc., Florida Rock Industries Inc., Gen- 
star Stone Products Co., General Dynamics 
Corp., United States Steel Corp., Gifford- 
Hill & Co. Inc., and Dolese Bros. Inc. 

Compared with 1983, the year when the 
last full survey of crushed stone producers 
was conducted, the underground mining of 
mostly limestone increased 7% to 47 million 
tons, while the number of active mines 
decreased from 120 to 108. By operating 
underground, a variety of problems usually 
connected with surface mining, especially 
in locations close to urban areas, such as 
environmental impacts and community ac- 
ceptance, are significantly reduced. 

Lone Star Industries sold its south Texas 
aggregate operations, which included one 
crushed stone quarry, four sand and gravel 

operations, and seven ready-mix concrete 
plants, to Pioneer Concrete of Texas Inc. 

Genstar began a $9 million expansion 
program at its Texas, MD, quarry. The new 
facility, when completed in 1986, will in- 
crease production capacity by 50% and 
improve overall efficiency of the crushing 
operation. The expansion included a contin- 
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uous crushing system and new state-of-the- 
art automated equipment for tertiary 
crushing. The entire system will be pro- 
grammed by on-site minicomputers and will 
be one of the most advanced facilities in the 
industry. Crushed stone produced at this 
quarry is used primarily for construction 
purposes. À special section of the operation 
produces chemical-grade limestone for the 
paint, paper, plastics, and rubber indus- 
tries. 

Limestone.—Starting with the 1983 sur- 
vey, a new canvassing procedure was imple- 
mented that is designed to collect separate 
information on the amount of limestone 
and dolomite produced in the United States. 
In 1985, 87 quarries reported producing 
only dolomite, while 46 quarries reported 
producing both limestone and dolomite 
without making a distinction between the 
two kinds of stone. Therefore, the limestone 
totals shown in this chapter include an 
undetermined amount of dolomite in addi- 
tion to the dolomite reported separately. 
Compared with 1983, the 1985 output of 
crushed limestone, including dolomite, in- 
creased 1596 to 716 million tons valued at 
$2.8 billion. Limestone and dolomite were 
produced by 1,117 companies at 2,316 quar- 
ries in 46 States. Leading States, in order of 
tonnage, were Texas, Florida, Pennsylva- 
nia, Missouri, and Illinois; these five States 
accounted for 40% of the total U.S. output. 
Leading U.S. producers were, in order of 
volume, Vulcan Materials, Martin Marietta 
Aggregates, and Lone Star Industries. 
These three companies accounted for 12% 
of total U.S. output. 

Dolomite.—A total of 31 million tons of 
dolomite valued at $133 million was report- 
ed produced by 60 companies in 24 States. 
An additional undetermined amount of do- 
lomite is included in the total crushed 
limestone data. Leading States in the pro- 
duction of dolomite, in order of tonnage, 
were New York, Pennsylvania, and Michi- 
gan; these three States accounted for 51% 
of the total U.S. output as reported by 
producers. Leading U.S. producers were, in 
order of volume, Lone Star Industries, 
ASARCO Incorporated, and Glasgow Inc.; 
their combined production represented 28% 
of the total U.S. dolomite production. 

Marble.— Production of crushed marble 
increased 36% to 2.4 million tons valued at 
$20 million. Crushed marble was produced 
by 12 companies at 22 quarries in 13 States. 
Leading States, in order of tonnage, were 
Georgia, Alabama, and Texas; these three 
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States accounted for 91% of the total U.S. 
output. Leading producers of crushed mar- 
ble, in order of tonnage, were Georgia Mar- 
ble Co., Thompson-Weinsman Co., and Ba- 
sins Engineering Co.; their combined pro- 
duction represented 84% of the total U.S. 
output. 

Calcareous Marl.—Output of marl in- 
creased 15% to 4 million tons valued at $8 
million. Marl was produced by 14 compe- 
nies at 14 quarries in 7 States. South Caroli- 
na accounted for 80% of total U.S. output, 
followed by Texas and North Carolina. 
Leading producers, in order of tonnage, 
were Dundee Cement Co., Giant Portland 
Cement Co., and Gifford-Hill; their combin- 
ed output accounted for 80% of the total 
U.S. production. These three leading pro- 
ducers of marl were also manufacturers of 
portland cement. 

Shell.—Shell is mainly derived from fossil 
reefs of oyster shell. The output of crushed 
shell increased 9% to 9 million tons valued 
at $38 million. Crushed shell was produced 
by 13 companies from 17 operations in 5 
States. The major producing States were 
Louisiana and Florida. Leading producers, 
in order of tonnage, were Dravo Corp., 
Quality Aggregates, and Ashland Oil Inc.; 
their combined production represented 63% 
of U.S. output. 

Granite.—Compared with 1983, the 1985 
output of crushed granite increased 24% to 
145 million tons valued at $670 million. 
Granite was produced by 130 companies at 
580 quarries in 29 States. Leading States, in 
order of tonnage, were Georgia, North Caro- 
lina, Virginia, South Carolina, and Califor- 
nia; these five States accounted for 81% of 
U.S. output. Leading U.S. producers, in 
order of tonnage, were Vulcan Materials, 
Martin Marietta Aggregates, and Koppers; 
their combined production represented 48% 
of the U.S. total. 

Traprock.—Production of crushed trap- 
rock increased 13% to 84 million tons val- 
ued at $388 million. Traprock was produc- 
ed by 242 companies at 644 quarries in 23 
States. Leading States, in order of tonnage, 
were New Jersey, Oregon, California, Wash- 
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ington, and Virginia; these five States 
accounted for 58% of U.S. output. Leading 
U.S. producers, in order of tonnage, were 
Tilcon Inc., Traprock Industries Inc., and 
the U.S. Forest Service; their combined 
production accounted for 19% of total U.S. 
output. 

Sandstone and Quartzite.—The combin- 
ed output of crushed sandstone and quartz- 
ite increased 9% to 23 million tons valued 
at $103 million. Crushed sandstone was 
produced by 103 companies at 361 quarries 
in 24 States, while crushed quartzite was 
produced by 16 companies at 17 quarries in 
12 States. Leading States in the production 
of sandstone and quartzite, in order of 
volume, were Pennsylvania, Arkansas, and 
Georgia. Leading producers, in order of 
tonnage, were Weaver Construction Co., the 
U.S. Forest Service, and H. M. B. Construc- 
tion Co.; their combined production repre- 
sented 14% of the U.S. total. 

Slate.—Output of crushed slate increased 
1% to 113,000 tons valued at $3.8 million. 
Crushed slate was produced by seven com- 
panies at seven quarries in five States. 
Leading States, in order of tonnage, were 
Virginia, Georgia, and New York; their 
combined production accounted for 90% of 
U.S. output. Leading producers, in order of 
tonnage, were Galite Corp., Solite Corp., 
and Arvonia-Buckingham Slate Co. The top 
three producers accounted for 80% of U.S. 
output. 

Volcanic Cinder and Scoria.—Produc- 
tion of volcanic cinder and scoria increased 
61% to 3 million tons valued at $12.5 
million. Volcanic cinder and scoria were 
produced by 38 companies from 256 oper- 
ations in 10 States. Leading States, in order 
of volume, were Oregon, Arizona, and Cali- 
fornia; their combined production account- 
ed for 62% of the total U.S. output. Leading 
producers, in order of tonnage, were the 
U.S. Forest Service and Gilbert Central 
Corp.; their combined production accounted 
for 29% of U.S. output. 

Miscellaneous Stone.—Output of miscel- 
laneous crushed stone increased 28% to 13 
million tons valued at $56.9 million. 
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Table 2.—Crushed stone sold or used in the United States, by kind 


1983 1985 
Kind Number tit , Number ntity ; 

4 (Qhousand (a0 value of thousand ` — vi 

quarries short tons) quarries short tons) ene 

Limestone __— T2 416 T599,308 "$2,217,216 "$3.69 2,316 685,002 $2,618,621 $3.82 

Dolomite WC 723,801 799,673 4.18 87 31,348 133,271 4.25 

Marble 124 71,798 129,613 716.46 22 2.437 20,439 8.39 

Calcareous mari 20 8,451 1,931 T2.29 14 3,959 8,083 2.04 

Shell... 19 8,348 33,314 3.99 17 9,106 87,951 4.16 

Granite 509 71 16.678 F487,017 14.17 580 145,254 669,807 4.61 

Traprock .... T587 714,017 7805, 509 74.12 644 83,548 388,027 4.64 
Sandstone and 

quartzite _ _ _ 300 21,259 787,945 74.13 878 23,148 103,483 4.47 

Slate 8 "768 T8,383 710.98 1 773 3,758 4.86 

Volcanic cinder 

and scoria _ _ 186 1,832 9,149 4.99 256 2,953 12,504 4.23 
Miscellaneous 

tone "183 T10,384 141,225 1g. 97 81 13,269 56.875 4.29 

Total! |... XX 861,600 8,827,000 "3.86 XX 1,000,800 4,053,000 4.05 


"Revised. XX Not applicable. 
1Data may not add to totals shown because of independent rounding. 


Table 3.—Crushed stone! sold or used in the United States, by region 
(Thousand short tons and thousand dollars) 


1984* 1985 
Region — — 
Quantity Value Quantity Value 

New England ----_------------- 21,650 108,300 22.540 112,910 

Middle Atlantic _______________- 102,800 438,000 115,595 510,333 
North Central: 

North Central |... 157,600 567,000 147,928 520,118 

West North Central -2 lI 96,200 347,500 106,035 369,972 

South Atlantle 248,800 1,077,800 265,665 1,169,994 

East South Central 97,500 375,300 103,525 404,456 

" West South Centraal!!! 134,000 465,300 136,929 495,687 

Mountain nn 28,050 108,700 28.971 106,938 

Pacific___________-__-______-_- 69,400 261,100 73.612 302,409 

Total?____________________ 956,000 8,755,600 1,000,800 4,053,000 

*Estimated 


‘Includes volcanic cinder and scoria. 
*Data may not add to totals shown because of independent rounding. 
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Table 4.—Crushed stone sold or used by producers in the United States, by State’ 
(Thousand short tons and thousand dollars) 


1984° 1985 
State — —— P.. 
Quantity Value Quantity Value 

Alabamā o . ³ d ³ K a tid 22.000 98,500 25,853 109,176 
Alaska iso uo mr mee E es 2,500 10,800 1,907 8,535 
Arizona ———— conum x 8 5,200 27,300 5,929 23,111 
Arkansas ` eet a ee oe ee 15,200 59,800 14,815 60,874 
California — c pl uacuum Se ] K y nete et 38,600 158,000 41,199 174,395 
Colorado nu te eee degere 1,200 26,200 1,037 25,930 
Connectiſuuhuliiu!⁷dlUldʒ Le eee 8,300 49,400 7,277 43,937 
Flórida enum En es Sas 68,500 E 69,266 281.231 
Georgia Lo nou x i LL Lee Ere 45,900 220,000 2.062 256,588 
Hawaii xo. os Mea Ld Lc %ĩ—rudʒ. e ĩðͤ 5,400 29,700 5,627 34,183 
Idaho uu oec RE , y nC re eet 1,800 7,100 2,019 6,977 
Hlinois Eet 48,500 191,600 41,044 164,117 
Indiana -ae n Nee sos oh tuU s ome d 26,700 99.400 323,384 281,117 
!kööwöö de Dep eee 23,800 100,000 23,657 94,496 
öÜꝛÄ ·m ;oUu-.uß!m y ð K 13,600 48,500 15,653 7,155 
Kentucky- ee cc te rt w/ a ts 37,300 133,000 338.022 3134,978 
% - — -------------------------—-—--—- 4,100 19,500 4.820 25.956 
(üõöÜ ³˙Ü ¹AAA ³⁰¹ XA ·o·. A y y REP ORE 1,300 4,400 1,459 5,114 
Marylanßddſdſdͥ d 22.100 94.000 24.406 98.584 
Massachusetts 8.400 R 9,354 42.881 
„ - ------------------------------—- 28,100 92,000 30,685 95,953 
Minnesota. 8.900 25,800 7,756 22.601 
Mississippi Bes ark ete d 2,000 5,800 1,582 4,282 
LIT, Tt EE EE EES 41,600 187,000 50,646 162,097 
eiii 8 950 2.400 51,730 $5,044 
Nebraska- EENEG 4,500 23,400 4,175 19,134 
Nevada- on m A uc C di 1,100 4,100 1,334 6,218 
New Hampah ire 850 2,700 1,612 6,434 
New Jersey... p 13,500 75,000 15,692 94,339 
New Mezito 4,700 17,000 3,641 15,232 
New York — ³o¹.àA ³· O d e ue 33,100 135,000 35,139 165,136 
North Carolinas 38,100 168,000 41,771 194,818 
North Dakota HP "M W W 
ORG EE EE 38,500 139,000 38,310 136,544 
Oklahoma 25,500 86,000 31,173 98 811 
Oregon MM" p c Km 12,500 37,500 15,336 54,244 
Pennsylvani nenn 56,200 : 64,765 310,859 
Rhode Island________________ -_-________--__- 1,000 5,800 *1,135 7,016 
South Carolina 17,900 72,500 17,079 72,520 
South Dakota ~ _-—--------------------------—-— 3,800 12,800 4,071 14,412 
Tennessee nnn 36,200 138,000 €37,939 €155,760 
mne Tm REN 89,200 300,000 85,764 306.821 

Utah- occ neue eet 5,200 16,400 4,651 14,180 
Wimonmnmdmdd RE DIE 1,800 1,000 1,689 7468 
Virginia o oc «˙ ‚ J ED ⁰ʒʒ UM a 41,200 196,000 51,686 221,900 
Washington ___________________ 2222222222222 10,400 31,700 9,543 31.052 
West Virginia 9.100 37,300 9.393 38,348 
isconsin se et ͤ d ĩͤ ee, oa 15,800 45,000 14,496 42,380 
Wyoming - - - -- - -------------------------— 1,900 7,600 $2,030 $1,329 
Gͤõĩõĩ§ĩ§?k00 ͤi v RECS » 1,177 6,545 
uk LEE 956.000 3,155,600 1,000,800 4,053,000 


5 Sei Withheld to avoid oe company proprietary data; included with “Other.” 
avoid disclosing com ietary data, certain State totals do not include all kinds of stone produced within 
the State; the 21 8 N not shown has been included with Other. 

*Excludes marl. 

*Excludes sandstone. 

*Excludes other stone. 

5 Excludes traprock. 

*Excludes granite. 

"Data may not add to totals shown because of independent rounding. 
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Table 5.—U.S. crushed stone sold or used by producers in 1985, by size of operation 


Size range Number of — 
: (thousand Percent 
(thousand short tons) operations Short tons) 

PPP HR RENCONTRES IRR EAR ¾iůhd ⅛˙Ü a ee ORE ee a Rd 931 9,233 0.9 
PPP ˙¹A]¹˙¹¹..ͥͥ ͥ ³·wẽẽww- ] U etm D ir cp eb Gerd 463 16,597 1.7 
DIE Locus didi ² ²rᷓ;]n]n % é . ð ß de cpm ber EE 272 16.789 . 
%%% ͤ:MmBA; TS ⅛ͤ . ̃ͤ . %⅛ . K a cea ee 182 15,832 1.6 
e . . aa RE Ms 506 76.825 7.6 
TTT AAA ⁵˙———— ˙ ¹ . APR PERSA 262 64,040 6.4 
JJ. «˙ꝙð².Q»n.. ñ«⅛˙ͥPT ð - ñ ̃̃ 192 65.828 6.6 
WOU BOG esis ⅛ A] ] ... . — Uri SuSE 156 69.257 6.9 
777777. ain Se ³ · A. ³ ˙ mZꝛ EE 117 63.940 6.4 
Ch PETE deve ett hd er ceo ⁵ðV ——— a eae 79 50,765 5.0 
Fp! ³owmꝛꝛꝛ ] ²⁰˙. NR Ctr npo pr us See gee 76 56,157 5.6 
T!!! ˙ —c » E — qup Tu qc e 64 53,737 5.4 
ee a E EE ren wb 39 36,740 3.7 
TJ ³· ] ce Data ]⅛ v ̃]⅛» . Fg . 88 218 405,057 40.5 
z...... P e te E 3.557 11,000,800 100 


Pata do not add to total shown because of independent rounding. 


Table 6.—Crushed limestone and dolomite sold or used in the United States 
in 1985, by State 


(Thousand short tons and thousand dollars) 


E 
5 
8 


State 
J d ee ee 24.770 98.723 
"TT EM ..... ꝛo . S W 
DU ddp ͤ y ]˙Ü V5 ñ m.. et apr vwd EC 3.749 15,626 
"En EE LAS BNE PREYS E KE We peu pe 4,940 17,200 
Soi poo RS M PETRUS . my ee ae RARO CN p Yn 17 11,681 
DM E ͤ EE d n dee 8 3,035 9,644 
AT 2055 2h ß cst NEA dame E a cud ES E 308 1,356 
EE ge ei 
88e gꝑælꝙ 2 Uk ` D 
... a E E EE EE 1,006 6,927 
P.. E SPENT E X22: ß ptt Eer 1,200 3,286 
UT ͤ ·•-m . CRUCIS EE E E ae EO. N wo 41,044 164,117 
CU bt dcr ea EET e, a EC eeh 23,384 81,119 
ee Ee OS %ͤ Ä ee RP DER Pee RC Pao Se es ee Tee p 23,657 94,496 
QUT Be an RC QUE qe Se ee re o SH eoe Rn PERCY a 15,082 53,546 
U.... ede nr eh ᷣ yd ]⅛ð 2 ce war d ͤ Dd Td idw DM es 38,022 134,978 
Mad Ed LG dq m dis ers a E Mere ue 1,089 3,985 
Fp... ² A ENQUIRIES MINES CRUDO CIN I LC ee ng a es 15,810 56,262 
"` A e ee OEE Ef ERE Oe ̃ v.. ̃⅛76) hb E CR W W 
ege geg ⁵ xy ðᷣ ß ð ß «˙· . ̃ — ona a 30.604 95,810 
TTT, WC e f d Mn EE AA Ee? 5,692 17,057 
MINI Lou neun etae ͥͤͥ᷑ ů ⁵²¹?ò « TEE 1,582 4,282 
TTT TEMERE dd ˙⁰¹m1AAA....... x A E OE CP 48,609 157,700 
TTT uS ̃⅛ VVV! . sexe as ee leues ER C d a bc EEN CHEN 1,675 4,846 
IT TTC ee ES ⁰ ůꝛmeßͤ m id a nesdeUm ß 4,175 19,134 
„ „ E . ß REA 1.096 4.832 
TTT acm cipe qi di erai ͤ ‚⁰ w. ³¹ V ³¹ wm A cn ics Rp w W 
JJ ˙»˙¾); TSS LS ...... ͤrXlX———... ĩðxiee 2.131 8.200 
era d: hoo ONIS ³ . ⁰ ³c . ⁊ ß . x ee 31.332 140,569 
co) W^ ̃—Mü1 ¾˙ “jO Ee X K %⅛ . 4.809 25,325 
ß dd Seek OR ee SE Gea eke 8 38,217 136,092 
— TEE EE ] « ꝭ er dim maison diuo dead ee oe E EE 29,192 92,962 
CCC TE hci lsd EE es EL cR SSS SS W 4,082 
Ly See ee en Em mad ]⅛½5j]1([d - SS Ri aene CREE 50,933 248,314 
PN MAD Lunes mt menm 6 »„„ ò“¼: ½' 700 4,763 
ea ences air adea ene clie e e pen b 7777 ˙ ed PB x 3,523 16,098 
eos t. o ABMS . a ns . EROS RERO 3,032 8,981 
(bo o. ˙ m ²]ĩ’ͤ ²⅛ oe ene ß . E, SPER Bt E ES 37,936 155,638 
iio Re E EE EE EE SE EEN SFO ee EE? 82,935 290,774 
EE ͤ ͤ w d ĩͤ EE .. ⅛ . ee AO 4.364 13,389 
VIVIDE T ²Ü ⁵â21;J ð]i(Vũi! . Rd ˙ EE 1.311 5,699 
JP eee nati cd n S mE ee Re ec ea WEEN 19.116 76,362 
E QA... ew EGER o INO, e EE 1,556 4,156 
MEME VENE Ls . EE ee ee a seh Les 33,383 
TTT TT ⅛ mn E e 12,030 35,369 
Al EC Wei deaeque mA en Se e ech l, 6,063 
T DUUM, ace Se SSO ele ae ae ER GE KEE 13,486 
Nh Boe ho VPS AF bee ” ⁰ꝛ¹ʃ wd ˙ww̃ EE 716,400 2,151,900 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
! Data may not add to totals shown because of independent rounding. 
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Table 7.—Crushed calcareous mari sold 5 producers in the United States in 1985, 
y 
(Thousand short tons and thousand dollars) 


State Quantity Value 

at, TEEN wW w 
Indiana e me aa a ²³˙ͥͤ ¶ iii.. EH W wW 
Mains. 5 mc x rto ⁰ is EC W Ww 
Michigan o 2 w é ¼˙¼ . ¾ d Z:. y 8 W W 
North Carolina nns a eee EE ee ime e em i eee edi ia cR 37 185 
Sahne Soe a ete mme MER ee ES 3,171 6,642 

XA. 4 o eM n d ð2Zq/ ſy dd è ß y EEN W Ww 
Other 2 doc (aee sue ce ta ta EE E Um Er Pe 750 1,901 

Total orm ah ee d f im eut Uie e ELA 8,950 8.083 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 
Data may not add to totals shown because of independent rounding. 


Table 8.—Crushed granite, traprock, and sandstone and quartzite sold or used by 
producers in the United States in 1985, by State 


(Thousand short tons and thousand dollars) 


"T Granite Traprock Sendstone and quartzite 
Quantity Value Quantity Value Quantity Value 
Alabama 267 1,165 e 8 2a E 
%%% AA 430 2,112 586 2,201 129 759 
Arizona 1,807 983 m om ae 
Arkansas W a 4,017 15414 
California `... 8,156 31,827 9,783 41,528 1,051 16 
VIN MO Ito c 8,513 13,967 W 284 1,120 
p cee ae QR e e 6,970 42,581 US ze 
— c TUS 41,268 206,508 ES c wW W 
, SE HR 4,487 26,186 Sa Ca 
Nas te ig LE 150 823 875 1,141 281 1.727 
JJC e c ze us 565 8,564 
Kentucky ..............- MK ae AE zc wW W 
777» ee EM S Z W W W * 
Maryland `... 2,660 13,924 W W w Ww 
Massachusetts ___________-_- 1,748 10,231 6,504 26,140 ee as 
Michigan- - --------------- = 2o W W et BN 
Minnesota 1.916 4.859 22 86 W * 
Missourri2??ss w WW or ae W * 
Montana `- - --------------—- zá RAN W W Ww 198 
Nevada... W W -— T E RO 
New Hampshire _________.__ 515 2,430 1,097 4,004 Ee ES 
New Jersey `. .- W W 12,064 68,748 oe 2s 
New Mexico - -------------- W W 951 W 
c W W 2,878 20,083 614 4,001 
North Carolina 83,689 152,988 2,984 15,230 d im 
Oklahoma W W EN m 632 2,214 
ETER ets het ELE ae 90 842 12,050 528 1,089 
PennsylvaniankKkn .- Ed 2:358 5,696 28,766 484 24,890 
South Carolina 10,385 49,780 ae a Ee = 
South Dakota W W Gs Si 1,039 $5,431 
Tennessee W W a cM See aie 
dE w wW 782 3,838 951 58n 
PTC A———T—T—T—V—ꝛĩ C M Es SS EA? 197 416 
Vermont W W m um — 
Vini 23.681 105,410 7,055 84,222 1,112 4.99 
Washington --------------- 185 668 7,434 24,674 218 1,128 
West Virginia a deet MS c 1,173 4.965 
Wisconsin ________________ 661 2,158 19 53 1781 4,801 
Wyoming. g W BE bn ES "T 
DIETE Ü QA 8 14.204 64.379 2.522 9.471 3,067 12.77 
Total ett 145,300 669,800 83,550 388,000 28,150 108,500 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
Data may not add to totals shown because of independent rounding. 
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Table 9.—Volcanic cinder and scoria and miscellaneous crushed stone sold or used by 
producers in the United States in 1985, by State 


(Thousand short tons and thousand dollars) 


TN Volcanic cinder and sco- Miscellaneous stone 
Quantity Value Quantity Value 


Aläska EE S Ga W W 
Arizona -=--> 628 1,771 W W 
California EE 4,473 15,652 
Colorado o d oka Lae eee er w W 7 
Hawai nuc ß 183 469 IM (4) 
| (i, "MIC". SUE S 6 45 
Caen EE EE Ss SS 3 286 16 625 
| dí ——————M————— ———— € € —— ah " 
EN m 32 5 8$.» E 
ichigan - --- -> Ee et 
Nevada 323222 ⁵—dũùàud“ne Rael a 84 448 W W 
New Mexico Locum h .... . ²˙ e ids 379 2.042 i SEN 
Nek ð E we W W 
North Carolina ac Ra W W 
North OA 2. oc loc ¾ K ĩͤ K ni n E) e W W 
Oklahoma m ꝛ . E Du uiae £ PME 203 437 
DEDERE DRE aig ee aie eege De 672 2,375 229 584 
Pennsylvania `... „„ ae PN W W 
ode Inland. 2222 2c A W W 
VE SES MN 283 2,315 
JJ ͥͥͥ00———ww. duetes esI. cud 96 314 (1) 2 
Mermont.- e ß thee ae es W W 
JJ ³˙·;AA dd ue S W W 
h ³¹A AAA cU IW 2 150 425 
W // ĩ²¹ i AAA ĩðͤ2v 8 305 W "n 
%%%éͤͤ es EE ee 655 5,084 4,632 20,761 
Total or o om came aeuum utum EL Me 2,953 12,500 18,270 56,880 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Lees than 1/2 unit. 
*Data may not add to totals shown because of independent rounding. 
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CONSUMPTION AND USES 


Crushed stone production reported to the 
Bureau of Mines is actually material “sold 
or used” by the producers. Stockpiled pro- 
duction is not reported. Therefore, the sold 
or used tonnage represents the amount of 
production released for domestic consump- 
tion or export in a given year. Because some 
of the crushed stone producers did not 
report a breakdown by end use, their total 
production as well as the estimated produc- 
tion of nonrespondents, was included in the 
tables under “Other unspecified uses," 
starting with the 1983 survey. This change 
in the processing procedures should be 
taken into account when 1983 and 1985 use 
patterns are compared with prior years. 

In 1985, U.S. consumption of crushed 
stone was 1.0 billion tons valued at $4.1 
billion, a 5% increase over the estimated 
consumption of 1984, and a 16% increase 
over the reported consumption of 1983. 
About 63% of this tonnage was used as 
construction aggregates, mostly for high- 
way and road construction and mainte- 
nance, 11% for cement and lime manufac- 
turing, 3% for agricultural purposes, 1% for 
metallurgical purposes, 2% for a variety of 
industrial uses, and 20% for other miscella- 
neous or unspecified uses. 

Limestone.—Of the 685 million tons of 
crushed limestone consumed, 57% was used 
as construction aggregates, 16% for cement 
and lime manufacturing, and 3% for agri- 
cultural purposes. No significant changes 
occurred in the use patterns of crushed 
limestone at the national level, except for 
the large increase of the amount included in 
table 12 under “Other unspecified uses." 

U.S. consumption of crushed limestone 
for total construction aggregates increased 
10%, from 353 million tons in 1983, to 388 
million tons in 1985. U.S. consumption of 
limestone for concrete aggregates decreased 
6%, while limestone used as roadstone and 
coverings increased 3%. Among the major 
producing States, consumption of limestone 
as concrete aggregates increased in Florida, 
Kentucky, Texas, and Virginia, and de- 
creased in Alabama, Illinois, Ohio, and 
Pennsylvania. Consumption of limestone as 
roadstone and coverings increased in Flori- 
da, Ohio, Pennsylvania, and Tennessee, but 
decreased in Illinois, Texas, and Wiscon- 
sin. 

U.S. consumption of limestone and dolo- 
mite for cement manufacturing increased 


17%, from 79 million tons in 1983, to 92 
million tons in 1985. Among the major 
producing States, consumption of crushed 
limestone and dolomite for cement manu- 
facturing increased in California, Michigan, 
Missouri, Pennsylvania, and Texas. US. 
consumption of limestone and dolomite for 
lime manufacturing decreased 18%, from 22 
million tons in 1983, to 18 million tons in 
1985. Among the major producing States, 
consumption of limestone and dolomite for 
lime manufacturing increased in Michigan 
and Texas, but decreased in Alabama, Ken- 
tucky, and Pennsylvania. U.S. consumption 
of aglime increased 17%, from 21 million 
tons in 1983, to 25 million tons in 1985. 
Among major producing States, consump- 
tion of aglime increased in Florida, Illinois, 
Kentucky, and Missouri, but decreased in 
Indiana, Iowa, and Pennsylvania. 

Dolomite.—Of the 31 million tons of 
crushed dolomite consumed, 52% was used 
as construction aggregates, 9% as flux 
Stone, 5% as aglime, and 2% for lime 
manufacturing. An additional amount of 
dolomite consumed in a variety of uses is 
reported with the limestone. 

Marble.—Of the 2.4 million tons of crush- 
ed marble consumed, 52% was used as 
fillers and extenders and 35% was used for 
construction purposes. No other significant 
changes in the end-use pattern of crushed 
marble occurred. 

Granite.—Of the 145 million tons of 
crushed granite consumed, 83% was used as 
construction aggregates and 7% was used as 
railroad ballast. Compared with 1983, con- 
sumption of both construction aggregates 
and railroad ballast increased 33% and 
10%, respectively. 

Traprock.—Of the 84 million tons of 
crushed traprock consumed, 71% was used 
as construction aggregates and 3% was used 
as railroad ballast. 

Sandstone and Quartzite.—Of the 23 mil- 
lion tons of crushed sandstone and quartzite 
consumed, 63% was used as construction 
aggregates, some as railroad ballast, and 
2% for cement and lime manufacturing. 
Compared with 1983, consumption of sand- 
stone and quartzite as construction aggre- 
gates increased 37%, while consumption for 
cement manufacturing decreased 6%. 

Slate.—Of the 773,000 tons of slate con- 
sumed, 51% was used as construction aggre- 
gates and the remaining 49% was used for a 
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variety of industrial applications. 

Calcareous Marl.—Of the 4.0 million tons 
consumed in 1985, 98% was used for cement 
manufacturing and 1% was used for agri- 
cultural purposes. 

Shell.—Of the 9.1 million tons of crushed 
shell consumed, 69% was used as construc- 
tion aggregates, mostly for roads, with ce- 
ment and lime manufacturing as the next 
major use. 

Volcanic Cinder and Scoria.—Of the 2.9 
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million tons of volcanic cinder and scoria 
consumed, 45% was used as construction 
aggregates, mainly for road construction 
and maintenance, and 15% was used as 
lightweight aggregate. 

Miscellaneous Stone.—Of the 13.3 mil- 
lion tons of miscellaneous crushed stone 
consumed, 95% was used as construction 
aggregates, mainly for road construction 
and maintenance. 


Table 11.—Crushed stone sold or used by producers in the United States in 1985, by use 
(Thousand short tons and thousand dollars) 


Use Quantity Value 
Coarse aggregate ( + 1-1/2 inch): 
Macadam ! et EE 14,860 57,354 
Riprap and jetty torre ee eee 21,449 89,377 
Filter CIT ae OR ee 6,202 26,376 
Other coarse LEE 1,043 4,795 
Coarse aggregate, graded: 
Concrete aggregate, coarse LL LL LLL 2 ee eee 106,526 507,642 
Bituminous aggregate, coarseseses „„ „„ 63,635 287.531 
Bituminous surface treatment aggregatkkkd l2 22l22l2l2-- 25,462 120,831 
Pfei ⁵ð d ⁰⁰ ace relma a Se 23,257 91,177 
Other graded coarse aggregate ___.____.-_.~-_-_--.----------------- 736 2,698 
Fine aggregate (-3/8 inch): 
Stone sand, concrete ——--------------=-- be A 21,526 108.247 
Stone sand, bituminous mix or seal |... LS ~~ eek 13,641 54,842 
Screening, undesignated LLL „ „ũ.!rũ 19,797 81,076 
Other fine aggregate «ð« ß ð . e a eta re et eee Ee 3,602 12,542 
Coarse and fine aggregate: 
Graded road base or subbase `... 175,952 647,320 
Unpaved road surfacing 22 2222222222 eee 41,924 159,394 
Terrazzo and exposed ai d p 3.281 22,676 
Crusher run or fill or wasttt! eee 67.892 272,633 
Other coarse and fine aggregate „„ 964 3,632 
Other construction materials i 20,160 82,425 
Agricultural: 
Agricultural limestonmdmgdmghũhl eee 22,430 96,712 
Poultry grit and mineral food ________..-..__.._~__.-_---- „„„„„ „ 1,972 16,304 
Other agricultural uses. - - - - -- - ---- Le 485 2,458 
Chemical and metallurgical: 
Cement manufacturtredgdgnwwd „„ 96.586 258,953 
Lime manufacture uam emm emm Ee amm mau ciue. 17,343 61,385 
Dead-burned dolomite manufacture see 966 6,442 
FC NET tT a aa a r EE 10,343 41,788 
Chemical stone. c oi o mu su y 604 2,655 
Glass manufacture << o d Ee Ae he -MO 404 3,500 
Sulfur oxide reno. ⁵ ⁵ 1.459 5,889 
Special: 
Mine dusting or acid water treatmennUituu᷑dʒ „ 132 5,194 
Asphalt fillers or extenders LLL Le 811 5.292 
Whiting or whiting substitute. 2.22 Le 1,091 17,266 
Other fillers or extenders `... 4,533 50,266 
%%% % VMA pu xl rum dd ĩé v ee 8 312 1.309 
Lightweight aggregate JJC ↄĩxVſd ↄy ð ß ̃ ̃ ⁵̃ĩò . ͤ . MO IS 803 3.158 
Roofing ranu flesh ̃ A te ee 2.543 14.349 
/ ĩ˙ ] ꝛ ⁰ Ba ok le tesa le CE Ku M UE oh es 267 781 
E manufacture EE 685 2,031 
er miscellaneous uses `... 12,998 66,506 
Other unspecified uses 191,521 752,012 


ee ee ee ee e — em wm 


1,000,800 4,053,000 


JIncludes building products, dam construction, and drain fields. 
2Includes production reported without a breakdown by use and estimates for nonrespondents. 
3Data may not add to totals shown because of independent rounding. 
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Table 12.—Crushed limestone and dolomite sold or used by 


(Thousand short tons 
Concrete Bituminous aggre- Roadstone and i and rail- 
T aggregate gate coverings gie fri 
tity Value tity Value tity Value tity Value 
Albe uo w¹rmA . Sess 2,546 11,694 4,334 17,949 2,399 10,057 877 3,151 
Alaska . SE tegt, Zeg NS Ae Lë EA a W W d d 
Arizona pp DE W W oe 82 d d Ww W 
Arkansas ä ee EE W W 306 1,359 388 1,221 583 2 282 
California |... ... di e e 1,007 4,114 W W 1.210 6.125 w W 
Colorado 3 Des * ST ** à 
Connecticut B e^ ag Sa > 
Florida 21,160 122,485 5,183 25,312 13,448 36,544 446 2,358 
Georgia W W W W 1,691 7,733 wW W 
Hawaii = : 386 3,807 e 103 7 - € 
Idaho 40 115 150 380 W 1,745 : — 
Illinois 3,419 14,978 4,213 18,791 12,405 43,900 1,867 1.295 
Indiana : : 1,153 4,496 5,445 17,206 3,185 11,008 1,180 3,967 
Iowa _ 1,779 7,423 2,347 10,390 5,475 21,190 1,123 
Kansas i iv 1,758 6,670 1,776 7,709 3,486 11,705 307 1,308 
Kentucky 6,377 22.919 4,630 17,302 8,519 30,878 1,935 6,905 
Maine W W W w W wW 
Maryland £ E 2,825 10,740 2,533 10,254 5,570 21,518 288 1,593 
Massachusetts_ _ (3) W W w W Ww 
Michigan : ES 1,680 4,900 1,549 5,162 4,191 11,701 856 3,072 
Minnesota 2 Ss 270 901 W 2.420 6,520 142 489 
Mississippi — W W W W W W * 
Missouri ec Mc s — 4.072 15,850 3,624 13,012 10,019 31,932 5,284 14,432 
Montana a = x W 434 1,401 ~ d 
Nebraska FP SS 791 4,266 161 781 1,048 5,403 267 1,621 
Nevada A W W W W 
New Jersey Wë W W W wW WwW W E 
New gege cta — 343 897 187 696 581 2.361 244 1,451 
a.u 5 fo, didi APP ee SS ee 1,145 5,738 5,787 29,501 3,328 15,788 828 3,931 
North Carolina n W W W W W W Ww W 
cos A 3.375 11.684 3.750 15,159 11,911 41,889 1,391 4,902 
35 e eL a ae ee 1,815 7,307 1,253 4,059 2,298 5,710 113 429 
66 E 34 aie S ek "- "a 
P 4.065 17,379 6,955 30,337 11,042 45,621 532 2.024 
Rhode Island a =~ we AW Si — A 
South Carolina a W W W Ww W wW Ww W 
Souilh Dakon a s W W 58 234 31 89 ^ 21 
Tennessee Wa Pme 4,805 21,830 6,061 25,956 13,496 60,223 639 2,532 
— 8 " 14,998 59,817 6,373 26,819 23,846 61,054 1,322 6,296 
C m ee Sé a e Li R49 1,751 790 2,805 
WETMORE 35... A Ee W W 411 1,957 W W Ww wW 
F N EE 3,671 15,943 1,977 9,869 4,248 13,220 767 3,010 
c te t ato t 4 Ss = 2 W W A 18 
West Virginia — = 719 2,156 650 5,071 1,085 4,590 323 1,498 
WE INE TT 812 2,644 617 1,748 5,102 14,662 241 986 
. anc a uo W W 66 W 246 W Ww LU 
Total (excluding withheld! __ _ _ _ 85,011 381.353 70,456 297,013 154,114 528,338 21,470 E 
Total withheld. |... .. ...... 2,707 13,714 1,528 7,198 3,542 13,399 2311 9.906 
Grand total 87,718 395,068 71,984 304,813 157,655 541,739 23,841 89.505 
GG ur 8 231 1.896 W 398 W 162 5 55 
Puerto Rico ---------------- 827 4,876 38 213 8 42 15 2 


W Withheld to avoid disclosing company proprietary data; included with Total withheld" and “Other uses.” 
ote may j 
/2 unit. 
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producers in the United States in 1985, by State and use 


and thousand dollars) 
Other construc- Cement Agricultural Lime 1 
tion uses manufacture uses manufacture Other uses Total 
Quan- Quan- - 
tity Value tity Value tity Value tity Value tity Value tity Value 
2346 9,721 2,625 1,108 274 1.643 W W wei 36,806 eerie 98,723 
W W W WwW ES w W 3,749 15,626 3,749 15,626 
165 589 W W 162 1,296 W 3,336 10,452 4.940 17,200 
295 2.641 18,297 41,502 71 581 513 6,162 839 15,964 17,233 77,687 
M — W WwW ui Ne» m Y 3,035 i 8,035 9,644 
2 W 46 93 28 W 206 1,209 308 1,356 
9,364 38.659 2,225 8,175 3,899 9,690 ak ra 9,601 34,865 65.326 278,088 
1,235 5,983 W W 1,038 5,250 ES x 3,028 12,516 6.992 31.484 
W W W W 21 171 ME im 496 2.150 1,006 6,921 
OI () W W 21 80 1 2 964 1,207 3,286 
1,376 5,439 2,511 6,551 8,165 11,701 W W 11,962 55.362 41,044 164,117 
2,004 1,525 W W 1.307 5.170 wW 23 9,110 31,724 23,384 81,119 
2,851 10,243 2,373 5,768 1,245 9,348 4 23 1,347 988 23,657 496 
1.142 4.621 2.977 7.747 874 3,934 wW w 2,762 9,850 15,082 53,546 
,853 W 2,354 8,694 w W 11,551 38,428 . 38,022 134,978 
W W W W w E ds 1,089 3,985 1,089 3,985 
812 3,136 2,619 5,057 W W 19 18 1.145 3,886 15,8810 55.262 
8 z 156 1,062 w w W w 
1,288 4,163 6,146 14,250 444 1,760 5,801 18,222 8,648 32.579 30,604 95,810 
572 1,834 Eë EN 255 821 W W 2,032 6,491 5,692 17,051 
W W W 199 1,037 mites "m 1,383 3,244 1,582 
7,547 26,402 6,190 14,966 2,068 1,929 205 892 9,600 32,284 48,609 157,700 
D = W W Ww Am BE sy 1,241 3,445 1,675 4,846 
348 1,935 W W 229 1,839 iS LS 1,330 3,289 4.175 19,134 
ES mE W W W wW wW w 1,096 4,832 1,096 4,832 
W W ES -— W W 2l m w W W W 
W W W W u^ Bei —— vs 776 2.797 2.131 
2.495 9.745 4,221 9,432 598 3,263 W W 12929 63,171 31.332 140,569 
W W as 6 15 =e SE 4 25,250 4,809 
613 8,703 2,062 6,895 1,220 5,080 1,087 3,868 10810 37,913 38.217 136,092 
1,899 5,400 2,625 s90 85 -— me 19,105 dr: ix 2292 
1,953 8,157 6,571 25,420 1,229 10,605 1,895 12,149 16,688 96.624 50,933 248,815 
ies M zs E W M Se 700 3,909 700 4,768 
W d ed W W in a 3,523 16,098 8,523 16,098 
19 61 950 1,994 ms 2 eed abs 1,966 6,575 3,082 8,981 
4,732 16,730 W W 133 2,816 t 7,469 25,492 37,936 155,638 
8,426 12,969 11,487 23,167 643 2,568 2,088 8,979 18,752 89,105 82,935 290,774 
à (3) 1,433 4,918 W W W W 1 3,915 4,364 13.389 
W t MG pu A 25 PM 900 3,742 1,311 5,699 
2,193 9,272 1,616 2,680 1,030 8,126 3,013 14,241 19,116 7 
20 101 W W W et "M 1,532 4,037 , 4,156 
622 3,397 1,530 3,169 52 461 W W 3, 12,439 8,220 
849 1,920 W W 577 3,418 W W 8.832 9.991 12,030 35,369 
W W 304 1,064 SÉ i 2S s 1,027 4,999 1,643 6,063 
55,364 209,205 73,8714 194,521 23,989 109,619 11.639 51.052 217,304 884,681 713,067 2,734,323 
4,568 25,594 18,123 53.690 529 3,132 6,557 22,307 3,128 16,507 3,284 17,569 
59,932 234,798 91,998 248213 24.517 112,750 18,195 73,359 XX XX 716,400 2,751,900 
147 621 cigs i n mds EN Se 165 ier 548 3,131 
ORE GEN 1,124 5,089 ok Wer "M non 1,380 6,508 3,392 16,751 


XX Not applicable. 
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Table 13.—Crushed limestone and dolomite sold or used by producers in the United 
States in 1985, by use 


(Thousand short tons and thousand dollars) 


U Limestone Dolomite 
se ———— ———— — EE: 
Quantity Value Quantity Value 
Coarse aggregate (+ 1-1/2 inch): 
Ne apo he pep P AA A eg eet eg 11,910 43,974 206 700 
Riprap and jetty stone ES ey ap D n 13,862 51,263 538 1,848 
Ker SMELL cate a ee t ac ind Sarist ex corn ai e ma ee 4,677 19,262 93 273 
Other coarse 22 ERREUR ^ 628 2,902 Ww I 
Coarse aggregate, 
Concrete —— coarse |. 3 68.571 312.520 2.284 8,531 
Bituminous aggregate, cares 42,274 177,932 2,652 10,620 
Bituminous surface treatment aggregate Ge eee Pe as 15,321 67,989 919 4,959 
BAINS Pe, ar er cdi ae e ta di Seefe 7,544 28,764 1,896 1,630 
Other graded coarse aggregatkkk.é 667 2,427 ~~ — 
Fine aggregate (-3/8 inch): 
A) 6mm ˙ PP 12,663 58,514 613 3,015 
Stone sand, bituminous mix or sea „„ 8,431 32,210 1,026 3,675 
Screening, undesignated nar ses TTT 10,028 38,737 426 1,618 
COP TOS SEDE eae ee ee 3,560 12,389 Ww W 
Coarse and fine aggregate: 
Graded road base or subbass . 110,918 369,794 3,400 12,466 
Unpaved road surfacing - - - - - - - - --------—- sai 30,093 110,284 498 1,617 
Terrazzo and ex Oe EE PET IR Be BAe 676 4,167 36 197 
Crusher run or fill or waste x 36,7 139,492 1,214 4.310 
Other coarse and fine aggregate 942 3,549 PR d 
Other construction materials... 2. 8,594 30,007 666 2.194 
Agricultural: 
POCO! DR UA... oda as TT 20,637 86,925 1,455 1,936 
Poultry grit and mineral food... |... === 2 = >= 1,875 15,351 W wW 
„ MEET E ENEE mm ro Zi 422 2,024 W W 
Chemical and metallurgical: 
— TTT, TEEN 91,930 241,826 W W 
11. | se . ]—o˙3̃ ̃— . eee 16.657 64,732 520 1,921 
Dead-burned dolomite manufacture 433 4,467 wW W 
Al TTT ᷣ AAA ³² c ²˙ A pee 7.560 31.435 2.717 10.049 
Chemical stone SE FE EES ssp ms 558 2,383 W wW 
ET POS E E ege 404 3,500 = ^ 
— ; ꝗ ³mà acne pas dea By tri de ttp oos 1,427 5,527 32 wW 
Special: 
Mine dusting or acid water treatment 651 4,057 = — 
„ er «oe Sei Si GES A 785 4,977 Ww 25 
Whiting or whiting substitute 672 12,687 W 100 
nne 2.978 38,173 373 4314 
. cae „„ 8 302 1.277 Le "ii 
Lightweight Qo 0 MARTIN JT p m 181 1,319 Ls RE 
r ehm qua a eti be Sew ato 1,993 12,595 2 5 
La ̃ ! ee EE — 640 1,779 ^ "t 
Other miscellaneous uses . 1 8,480 43,985 1,422 6.134 
. w ²⁰bvlblf La METEO 138.289 527,426 8,460 39,132 
Toti o cuc et ceci P ĩð ER 685,000 2,618,600 31,350 133,300 


W Withheld to avoid disclosing company proprietary data; included with "Special Other miscellaneous uses.’ 
‘Includes production without a breakdown by use and estimates for nonrespondents. 
*Data may not add to totals shown because of independent rounding. 
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Table 14.—Crushed marble sold or used by producers in the United States in 1985, by use 


(Thousand short tons and thousand dollars) 


Use Quantity Value 

Other agricultural ueeg = ee W 215 
Stone sand, concrete __________.___-___-- ~~ ~~~ ee eee W W 
Terazzo and exposed aggregaleck „„ 44 382 
Other construction and maintenance uses 454 2.376 
Whiting or whiting substitute and fillers c2 llc 22-2 1.276 10.741 
)))%)/hſſſäüüũſ/ſſ ⁰½᷑ffffffſdddfffß' K 103 3.120 
Other miscellaneous usmſſe d 22222 2222222222 560 3,604 

f)! ⁵ ³¹ y 8 2.437 320,440 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 

‘Includes concrete aggregate (coarse), graded road base or subbase, bituminous surface treatment aggregate, unpaved 
road surfacing, riprap and jetty stone, railroad ballast, and crusher run (select material or fill). 

Includes poultry grit and mineral food, stone sand, and fillers and extenders. 

Data do not add to total shown because of independent rounding. 


Table 15.—Crushed granite and traprock sold or used by producers in the United States 
in 1985, by use 


(Thousand short tons and thousand dollars) 


U Granite Traprock 
se Ee — 
Quantity Value Quantity Value 
Coarse aggregate ( + 1-1/2 inch): 
Macadam... 580 2,833 1,989 9,150 
Riprap and jetty tone 3,255 18.091 2.555 11.240 
Filter stone_ - ðiU// ðVâ) ⁵ ⁰⁰ ee e ecd 681 3,419 636 2,790 
Other coarse Re otek Site, EE 79 288 257 1,477 
Coarse aggregate, graded: 
Concrete aggregate, coarse `- ------------------ 24,260 125,242 8,785 48,008 
Bituminous aggregate, coar e 10,490 53,564 6,710 36,849 
Bituminous surface treatment aggregate- - ----------- 5,818 30,448 2,108 9,750 
Railroad ballast |... 222 i eee 10,637 41,107 2,422 9,876 
Other graded coarse aggregate W W W W 
Fine aggregate (-3/8 inch): 
Stone sand, concret!td -=--> 6,158 32,565 1,679 12,033 
Stone sand, bituminous mix or seal wl 2.228 9,936 1,472 6,816 
Screening, undesignatteWlll dl 7.727 33.226 1.179 5,954 
Coarse and fine aggregate: 
Graded road base or subb age 25,635 110,238 21,616 91,322 
Unpaved road surfacing -~ - - -------------------- 2,038 8,965 4,749 16,761 
Terrazzo and ex aggregate 303 1.653 2.088 14.455 
Crusher run or fill or watde ee 24.046 109,520 2,422 7,942 
Other coarse and fine ag HB leo eee hale Gin mts ao W W 
Other construction materials- -----------------— 6,711 30,205 1,374 6,975 
Agricultural: 
Agricultural limestone. `- --------------------- W W W W 
Poultry grit and mineral ſoododd ~~~ __-- wW W -- ts 
Chemical and metallurgical: 
Cement manufacture. --------- ->=> W WwW m "e 
Lime manufacture wW W NET c 
Chemical ctorr““nn SEA BS W W 
Special: 
Asphalt fillers or extenderrrsʒm 17 290 Em zu 
Whiting or whiting substituteQks A a xc 45 116 
Abrasives. Ll e ue Ru -ħħ w W TN E 
Roofing granules `... W W W W 
Sugar refining- ------------------------- S z W W 
Ot her miscellaneous uses _-_ s 1.240 4.959 1.456 5.830 
Other unspecified uses 13,350 53,255 19,998 90,681 
/J77öͤ»’ ee EE 145,300 669,800 83,550 388,000 


W Withheld to avoid disclosing company proprietary data; included with “Special: Other miscellaneous uses.” 
Includes production reported without a breakdown by end use, and estimates for nonrespondents. 
Data may not add to totals shown because of independent rounding. 


908 MINERALS YEARBOOK, 1985 


Table 16.—Crushed sandstone and quartzite sold or used by producers in the United 
States in 1985, by use ` 


(Thousand short tons and thousand dollars) 


U Sandstone Quartzite 
se ee 
Quantity Value Quantity Value 
Coarse aggregate (+ 1-1/2 inch): 
MaCadam EE EE W W Ne e 
Riprap and jetty stone 899 4,087 34 140 
Filter EE 85 482 W W 
Other coarse een J Saeco ad MUT W W 8 BS 
Coarse aggregate, graded: 
Concrete aggregate, care 1,163 6,149 594 3,391 
Bituminous aggregate, coarse. ----------------——- 1,106 5,855 117 591 
Bituminous surface treatment aggregate 684 4,595 130 763 
Railroad bal lage 317 2.010 W W 
Other graded coarse aggregate `- ------------------ W W ER we 
Fine aggregate (-3/8 inch): 
Stone sand, concrete 355 1,883 W W 
Stone sand, bituminous mix or seals 386 1,683 W W 
Screening, undesignated_ -------------------——- 364 1,391 Ww W 
Other fine aggregatk W W SN E 
Coarse and fine aggregate: 
Graded road base or subbase 2 2222s. 4,631 19.074 1,027 4.241 
Unpaved road sur facing 217 933 W W 
Terrazzo and SE aggregate 29 435 E ie 
Crusher run or fill or waste 765 2,588 W 
Other coarse and ſine aggregate W W eus "" 
Other construction materials 1,203 4,479 17 3,153 
Agricultural: 
Poultry grit and mineral food- ~- ---------------—-- De deg W W 
Chemical and metallurgical: 
Cement manufacture 244 580 118 385 
Flux o dd I A W W W W 
Special: 
Whiting or whiting substitute f i 121 W 
Lightweight aggregate MN 10 d ud 
Other miscellaneous uses 7,345 30,295 992 3.671 
Other unspecified uses? W W = E 
z aeree er DULL MHIL DU CLA De CIL 19,800 86,530 3,348 16.950 


W Withheld to avoid disclosing company proprietary data; included with "Special: Other miscellaneous uses.” 
Less than 1/2 unit. 

*[ncludes production reported without a breakdown by end use, and estimates for nonrespondents. 

*Data may not add to totals shown because of independent rounding. 
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Table 17.—Crushed voleanic cinder and 
scoria sold or used by producers in the 
United States in 1985, by use 


(Thousand short tons and thousand dollars) 
Use Quantity Value 


Coarse aggregate (+ 1-1/2 inch): 
Riprap and jetty tone 9 
Filter stone d W 


Concrete aggregate, coarse . — 
Bituminous surface treatment 
869 — 
Railroad belleg -- 
Fine aggregate (-3/8 inch? 
Stone sand, concrete 
PE sand, bituminous mix or 
Screening, undesignated .  — - 
Coarse and fine aggregate: 
Graded road base or subbase — 
Unpaved road surfacing -~ - - - 
Terrazzo and exposed aggre- 
AT ee 
Crusher run or fill or waste 
Other coarse and fine aggre- 
gate 
Other construction materials! 
Special: 
Other fillers or extenders  — — 
Lightweight tO ee: 
Roofing granules - 
Paper manufacture 
Other miscellaneous uses 
Other unspecified use 


vr TE 2,953 12,500 


W Withheld to avoid disclosing company prietary 
data; included with “Other miscellaneous gesatt 

Includes railroad ballast, filler stone, other fillers or 
extenders, stone sand (bituminous mix or seal), and fine 

te acreen. 
cludes paper manufacture, waste material, and mis- 

cellaneous uses. 

3Includes production reported without a breakdown by 
use and estimates for nonrespondents. 

4Data may not add to totals shown because of inde- 
pendent i 
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Table 18.—Crushed miscellaneous stone’ 
sold or used by producers in the United 
States in 1985, by use 


(Thousand short tons and thousand dollars) 
Use Quantity Value 


Coarse aggregate (+ 1-1/2 inch): 


Macadam... 4„b W W 
Riprap and jetty stone 288 2,534 
r coarse aggregate (3) 2 
Coarse aggregate, graded: 
Concrete aggregate, coarse — — 555 2,303 
Bituminous aggregate, coarse. W W 
Bituminous surface treatment e we 
6G 
Railroad ballast 3 83 239 
Fine aggregate (-3/8 inch): 
Stone sand, concrete W W 
Stone sand, bituminous mix 
or seal ____-_------- 44 W 
Screening, undesignated .. - (3) 2 
Coarse and fine aggregate: 
Graded road base or subbase — 8,111 37,119 
Unpaved road surfacing . - - - 3,329 17,413 
Terrazzo and exposed aggre- 
Ci 8 10 72 
Crusher run or fill or waste 1.887 6.991 
Other construction materials 2,675 
Poultry grit and mineral food 82 6,207 
Other agricultural uses W 
Chemical and metallurgical: 
Cement manufacture 3,922 8,015 
Chemical stone 
Other miscellaneous uses 3.126 7.447 
Other unspecified uss 5,027 15,662 
Total® ______.----- 27,100 106,700 


W Withheld to avoid disclosing company proprietary 
data; included with “Other miscellaneous uses.’ 

!Includes mari, other stone, shell, and slate. 

Wess than 1/2 unit. 

3Includes abrasives, lime manufacture, mine dusting, 
roofing granules, and sugar refining. 

‘Includes production reported without a breakdown by 
end use, and estimates for nonrespondents. 

SDeta may not add to totals shown because of inde 
pendent rounding. 


PRICES 


Compared with 1983, the 1985 average 
unit price of crushed stone increased 5% to 
$4.05. By kind of stone, the average unit 
prices showed increases of 1% for dolomite, 
3% for limestone, 4% for shell, 8% for 
sandstone and quartzite, 10% for granite, 


and 12% for traprock, and decreases of 11% 
for calcareous marl and 15% for volcanic 
cinder and scoria. Some very large de- 
creases, mostly owing to changes in end 
uses, occurred for marble (-52%) and slate 
(-55%). 


TRANSPORTATION 


Of the total crushed stone produced, 85% 
was transported by truck from the plant or 
quarry to the site of the first point of sale or 
use, 59% was transported by rail, and 4% by 


waterway. Information regarding the dis- 
tance to which crushed stone was shipped or 
cost per ton per mile was not available. 
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Table 19.—Crushed stone sold or used by producers in the United States in 1985, 


by method of transportation 
antity 
Method of transportation (thousand Percent 
short tons) 
Truck feces eke ᷣᷣ AWA c LL e es Set a ¹˙¹ ete ee ee te en 850.109 85 
)! ĩ este a ON eee ß oh eee tah ees 48,830 5 
JJV RARO edP cR 39,536 4 
56... EE 62.321 6 
H Tf dd ³ĩé A ¼ 8 11.000.800 100 
Data do not add to total shown because of independent rounding. 
FOREIGN TRADE 
Exports.—Exports of crushed stone were which came from Canada. 


unchanged from the 1984 level and totaled 
2.4 million tons, while the value increased 
22% to $29 million. Exports of limestone 
accounted for 95% of the 2.4 million tons, 
an increase of 4% over that of 1984. Ninety- 
eight percent of this total was exported to 
Canada. 

Imports.—Imports of crushed stone de- 
creased 7% in volume to 2.7 million tons 
and 32% in value to $10.2 million. About 
48% of this tonnage was limestone, 64% of 


Imports of calcium carbonate fines de- 
creased 4% in volume to 281,000 tons and 
42% in value to $1.4 million. Of the natural 
calcium carbonate (aragonite), over 99% 
came from the Bahamas, while most of the 
processed calcium carbonate was import- 
ed, in decreasing order of tonnage, from 
France, the United Kingdom, and the Fed- 
eral Republic of Germany. Precipitated cal- 
cium carbonate is covered in the Calcium 
and Calcium Compounds” chapter. 


Table 20.—U.S. exports of crushed stone in 1985, by destination 
(Thousand short tons unless otherwise specified) 


Destination Quartzite Limestone’ Other Total? 
North America: 
RRE ee 8 1 2,222 71 2.293 
MeXIO lec erasa e cci n LS EC (3) (3) 11 ll 
Total sce a se r 1 2.222 82 2,304 
South America: 
Bolivia uo ote ae meta eels et alesis Eo See um 18 ees 18 
WE ET lote see eee 18 1 19 
e .. (3) 6 8 9 
Total? Sor as el k tae E LA a (3) 42 4 45 
Europe: 
|y e NEE 1 3 4 
Germany, Federal Republic ot 3 à (5) 3 
Netbeans. 1 we os 1 
United Kingdou sn 1 "me 3 4 
Othér ocu me AAA AAA Ee? 1 n 1 1 
rr ⁵ðDi ĩð 6 3) 7 18 
Asia: 
JJ]. A A LM 1 3) 1 
QUIE st nu Lac eA d c i Diu he 1 (3) a 1 
Tol i curn ose nn Ee 2 5 2 4 
J.] ⁵ / 8 NAR 1 4 4 
Middle East and Africa _.__ _____-___-______-__-_-_ 3) 3) Q9 1 
Grand total? ~._-____________----_________ 9 2,265 98 2372 
Total valrt kk thousanda. _ $10,645 $15,107 $3,594 $23.34 


Includes ground limestone. 


ata may not add to totals shown because of independent rounding. 


Less than 1/2 unit. 


Source: Bureau of the Census. 
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Table 21.—U.S. imports for nce of crushed stone and calcium carbonate fines, 
y type 
(Thousand short tons and thousand dollars) 


1984 1985 
Type ; Customs ; Customs 
Quantity value Quantity value 
Crushed stone and chips: 
Limestone 2222-22-22 -2-2-- 1,645 10,646 1,299 5,261 
Marble, breccia. ______.__-._--_- 2 181 29 547 
17 APTE REN 64 945 33 638 
BUE o o o oe 8 10 41 2 99 
DOES ee m. 88 1.202 3.251 1.361 3.664 
Total! sso ew SS eS 2,923 15,071 2,725 10,209 
Calcium carbonate fines:? 
Natural aragonite? __.___.______- 275 710 274 716 
Chalk, whiting - -~ -------------- 17 1,761 7 715 
7ô§Üõ»Üʃ k 292 2,471 281 1.432 
Grand total 3,216 17,543 3,006 11,640 
Data may not add to totals shown because of independent rounding. 
*Excludes precipitated calcium carbonate. 
3Includes some chalk and other ius materials. 
Source: Bureau of the Census. 
WORLD REVIEW 


Australia.—The government of Western 
Australia introduced a computerized infor- 
mation system that will allow instant access 
to the results of previous mineral explora- 
tions performed by mining companies. Un- 
der the provisions of the Mining Act, com- 
panies are required to report all technical 
details of their exploration activities to the 
Department of Mines. These reports become 
eligible for open-file release when the explo- 
ration tenements are relinquished. Compa- 
nies interested in new explorations will be 
able to review previous exploration pro- 
grams and, therefore, avoid costly duplica- 


tions by having access to such reports.? 

Canada.—The 1984 production of stone in 
Canada was 81.8 million tons valued at $393 
million; about 95% of this output was crush- 
ed stone. The Province of Ontario continued 
to be the largest producer of stone with 34 
million tons valued at $160 million, followed 
by Quebec with 31 million tons valued at 
$139 million. Preliminary estimates for 
1985 stone production indicate a decrease of 
5% to 78 million tons valued at $378 mil- 
lion, with the Province of Ontario account- 
ing for about 40% of the total output. 


TECHNOLOGY 


Effective January 1, 1985, the National 
Crushed Stone Association and the Nation- 
al Limestone Institute were consolidated 
into one organization called the National 
Stone Association. This new trade organiza- 
tion became the sole representative of the 
entire crushed stone industry. The first 
annual convention of the new association 
was held in Bal Harbour, FL, on January 
20-23, 1985, and was attended by over 700 
members and prospective members. The 
goal of the new association, the economic 
outlook, and the legislative matters that 
may impect the crushed stone industry 
were the major topics discussed.’ 

Beginning with the 1985 biennial survey, 


the Bureau of Mines implemented new 
reporting procedures for crushed stone pro- 
duction at the State level. Most of the States 
were subdivided into Bureau districts by 
grouping several adjacent counties. Conse- 
quently, the number of companies within 
each district increased significantly, mak- 
ing more information available for publica- 
tion. The new tables showing production of 
crushed stone within each district are pub- 
lished in the Bureau of Mines ''Minerals 
Yearbook, Volume II, Area Reports: Do- 
mestic.’’ 

The potential demand in the 1990’s for 
limestone and lime used for sulfur removal 
was analyzed by the Illinois Department of 
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Energy and Natural Resources in a study 
based on the projections for sulfur control 
prepared by the North American Electric 
Reliability Council. Two models were con- 
sidered in these projections. One was based 
on the provisions of the present Clean Air 
Act regulations, and the second was based 
on the requirements of the proposed acid 
rain legislation. The study concludes that, 
in 1992, the demand for limestone used for 
sulfur removal is expected to be between 7.9 
and 9.9 million tons under the first scenar- 
io, and an additional 21.3 to 26.6 million 
tons of limestone under the assumptions 
made for the second.* 

An extensive review of limestone specifi- 
cations from construction aggregates and 
road materials to cement manufacturing, 
agricultural uses, glass manufacturing, and 
use as fillers and extenders, was published. 
The specifications were derived from the 
British Standards Institute and other Brit- 
ish Government and corporate guidelines. 
Although the published specifications are 
related to British manufacturing practice, 
they provide a general guide to the typical 
properties required for limestone used in a 
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variety of applications.* 

The recent advances achieved in high 
intensity wet- and dry-magnetic separation 
techniques extended their usefulness for 
processing of industrial minerals. New de- 
velopments included the use of strong rare- 
earth permanent magnetic separators, 
large particle size electromagnetic separa- 
tors, and superconducting cryogenic wet 
and dry systems. Several systems capable of 
separating minerals on the basis of their 
magnetic repelling properties rather than 
their attracting properties are also being 
studied.” 


1Physical scientist, Division of Industrial Minerals. 

lark. G. Mines Department Launches First Computer- 
Ge? Database. Ind. Miner. (London), No. 214, July 1985, 
p. 9. 

Huhta, R. S. Stone Producers “On Their Way." Rock 
Prod., v. 88, No. 3, Mar. 1985, pp. 41-46. 

*Tepordei, V. V. Bureau of Mines Revises System. Rock 
Prod., v. 88, No. 12, Dec. 1985, pp. 56-57, 84. 

5Bhagwat, S. B. The Lime and Limestone Market for 
Sulfur Removal: Potential for 1992. IL State Geol. Surv.— 
IL Miner. Note 90, 1985, p. 13. 

s power. T. Limestone Specifications—Limiting Cor 
straints on the Market. Ind. Miner. (London), No. 5 Oct. 
1985, pp. 65-91. 

"Clark, G. Magnetic Separation. Ind. Miner. (London), 
No. 212, May 1985, pp. 21-23. 


Dimension Stone 


By Harold A. Taylor, Jr.’ 


Production of dimension stone decreased 
896, to 1.12 million short tons valued at $172 
million, after showing little change over the 
previous 7 years. Approximately one-half of 
the dimension stone produced was granite. 
Limestone, sandstone, slate, and marble 
were also produced. 

of dimension stone decreased 
40% in value to $14 million. The value of 
dimension stone imports increased 82% to 
$295 million, equivalent to 17296 of the 
value of domestic production. 

Domestic Data Coverage.—Domestic pro- 


duction data for dimension stone are devel- 
oped by the Bureau of Mines from volun- 
tary surveys of U.S. producers of rough and 
finished dimension stone. Of the 408 dimen- 
sion stone operations surveyed, including 
those that were idle, 341, or 8296, respond- 
ed, representing 9596 of the total value 
shown in table 1. Production data for nonre- 
spondents were estimated using prelimi- 
nary production reports, adjusted prior 
reg production levels, and employment 
ta. 


Table 1.—Salient U.S. dimension stone statistics 
(Thousand short tons and thousand dollars) 


1981 1982 1988 1984 1985 

Sold or used by producer 1,881 *1, 1,157 1,121 

Value! oe m8 $150,463 °$187,671 $147,843 ie — $171,007 
Exports (value). : --- $20,698 $18,678 $19,126 $28,007 $13,886 
Imports for consumption (value $182,904 $169,874 "$191,862 "$223,150 

"Revised. 
‘Does not include Puerto Rico. 
DOMESTIC PRODUCTION 
Dimension stone was produced by 196 Dakota, and Texas. 


companies at 275 quarries in 36 States. 
Leading States, in order of tonnage, were 
Indiana, Georgia, and Vermont, producing, 
together, 44% of the Nation’s total. Notable 
was an 8% decrease in Georgia and an 18% 
increase in Indiana. Of the total production, 
54% was granite, 27% was limestone, 11% 
was sandstone, 4% was slate, 3% was mar- 


stone, and traprock (basalt). Leading pro- 
ducing compenies in terms of tonnage were 
Rock of Ages Corp., in Vermont and New 
Hampshire, and Cold Spring Granite Co., 
principally in California, Minnesota, South 


Granite.—Dimension granite includes all 
coarse-grained igneous rocks. Production 
decreased 6% to 602,000 tons and decreased 
slightly in value to $93.9 million. Dimension 
granite was produced by 74 companies at 
115 quarries in 20 States. Georgia continued 
to be the leading State producing 27% of the 
U.S. total, followed by Vermont and New 
Hampshire. These three States together 
produced over one-half of the U.S. total. Of 

was a production decrease of 
10% in Georgia, while New Hampshire reg- 
istered a 34% production i increase. Leading 
producing companies were Rock of Ages, 
Cold Spring Granite, and H. E. Fletcher 
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Co. It was estimated that the three leading 
companies produced about one-third of U.S. 
output. 

Keystone Memorials Inc. built a new saw 
building and installed a new West German 
automatic computerized diamond block saw 
at its Missouri Red granite quarry at Gran- 
iteville, MO. 

New England Stone Industries Inc. of 
Providence, RI, bought the old Crotch Is- 
land, ME, granite quarry and its adjacent 
finishing facility in October and employed 
seven men to begin quarrying the granite. 
The firm planned to employ 40 to 50 people 
within the next few years. 

Limestone.—Dimension limestone  in- 
cludes bituminous, dolomitic, and siliceous 
limestones. It was produced by 40 compa- 
nies at 51 quarries in 16 States. Indiana 
continued to be the leading State, followed 
by Wisconsin. The top three producers, in 
order of value, were Indiana Limestone Co. 
Inc., Vetter Stone Co., and Elliott Stone Co. 
Inc., in Indiana, Minnesota, and Indiana, 
respectively. 

Marble.—Dimension marble includes cer- 
tain hard limestones, travertines, and any 
other calcareous stone that can be polished. 
Dimension marble was produced by 9 com- 
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panies at 13 quarries in 9 States. Georgia, 
Vermont, and Montana, in order of ton- 
nage, were the three leading States, ac- 
counting for approximately 72% of US. 
output. Leading producers were Georgia 
Marble Co., Vermont Marble Co., and 
Moretti-Harrah Marble Co. The top three 
companies accounted for 98% of U.S. out- 
put. 

Rocky Mountain Stone Co., a travertine 
producer in New Mexico, has equipped its 
plant with new Italian state-of-the-art stone 
finishing machinery valued at $500,000. The 
plant was designed to cut and polish 2,000 
square feet of stone per day. Part of the 
capital required was obtained through a 
State development loan fund. 

Sandstone.—Dimension sandstone in- 
cludes calcareous- and siliceous-cemented 
sandstones or conglomerates. Quartzite, 
which is also included, may be described as 
any siliceous-cemented sandstone. It was 
produced by 47 companies at 59 quarries in 
18 States. Leading States continued to be, in 
order of volume, Ohio, Pennsylvania, and 
Georgia; these three States accounted for 
almost two-thirds of U.S. output. Standard 
Slag Co. in Ohio, Delaware Quarries Inc. in 
Pennsylvania, and Waller Bros. Stone Co. in 


Table 2.—Dimension stone sold or used by producers in the United States, by State 


— —— em em op ewe em ee —U— —2— wm 


— wg op — wm mmm vm vg eg gn —E— 


wm æ wm m eg wm gem eg emm — wm vm mm vm em — reg emm wer weg — fm wee 


— ep 2 — T e — me mm mm mm wem —— — wm wt mm wm wes 


1984* 1985 
tity Value Quantity Value 
(short tons) ( (short tons) 
1,685 $2,674 10,629 $2,881 
20 OH (4) (4) 
x EE 5,145 805 
22,240 2,990 23,181 2,449 
999 81 204 
17,578 1,080 19,715 1,285 
202,030 20,001 185,202 19,466 
p EM 1,750 101 
59.128 14,269 188,245 20,186 
16,698 864 17,833 1,218 
56,982 11,657 72,577 18,724 
4, 129 4,162 113 
88,146 18,369 86,808 18,598 
58,740 4,198 78,642 6,532 
19,257 149 20,495 27 
14.859 4.271 18.082 3,666 
W W $5,333 6,132 
853 8,454 53,067 8.661 
12,074 771 10,862 836 
876 6,001 51,268 8.214 
16,130 1,092 7,156 541 
597 18.642 W Ww 
7,021 1,097 4,798 7 
46,937 11,236 262 11.760 
116.005 20,462 116,166 
„068 3.052 9.853 8.188 
Ep s 761 5 
; 2,863 21,920 2.733 
152,458 10,534 88,929 21,471 
1,156,622 154,949 1,120,585 171,667 


*Estimated. W Withheld to avoid disclosing company proprietary data; included with "Other." 


‘Lees than 1/2 unit. 


Includes Idaho, Iowa, Kansas, Maine, Missouri, Montana, Oregon, Utah, and data indicated by symbol W. 
Data may not add to totals shown because of independent rounding. 


DIMENSION STONE 


Ohio were the leading producers and 
accounted for 36% of U.S. production. 
Slate.—Dimension slate was produced by 
19 companies at 28 quarries in 6 States. The 
two leading States in order of volume, 
Pennsylvania and Vermont, accounted for 
10% of U.S. output. The top three produc- 
ers, A. Dally and Sons Inc., Vermont Struc- 
tural Slate Co. Inc., and Le Sueur-Richmond 
Slate Co. Inc., accounted for an estimated 
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45% of U.S. output by value. Hilltop Slate 
Co., a slate producer in New York and 
Vermont, was bought by the Penrhyn Quar- 
ries Ltd., a subsidiary of the Alfred Mc- 
Alpine PLC of the United Kingdom. 

Miscellaneous Stone.—Miscellaneous di- 
mension stone, including traprock, was pro- 
duced by seven companies from seven quar- 
ries in six States, and totaled 15,288 tons 
valued at $956,488. 


Table 3.—Dimension granite sold or used by producers in the United States, by State 


1984° 1985P 
State Quantity value Quantity Cubic feet val 
(short (short ac He 
toni) tons) thousands) (thousands) 
Connecticuaun 2222222222 22.2222-2 W W 11,310 136 $919 
ö;r(· ð : DE e ae 179,000 $9,500 160,377 1,606 9,133 
JJ ⁵ĩðx ĩ 000 W W W 
New Hampahirtr e ,100 4,200 78.642 953 6,532 
Oklahoma: uel uale 8 W W 6.112 74 
South Carolina 100 1.100 1,156 97 541 
South Dakota... ~~ A A ,600 18,600 W W W 
TEXAS D enc ecrit ME ,000 11,000 W W W 
Wisconsin . ~~~ ~~~ ee W Ww 8,133 87 1,891 
JJ K EEN 282,600 50,600 834,903 4,071 74.134 
Total- roen ũ A UD . 638,000 96,000 602,233 6,974 93,884 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


*Estimated. Preliminary. 
Includes California, Colorado, Maine, Maryland, 


esota, Mouri Nes York, North Carolina, Pennsylvania, 


Minn 
Vermont, Virginia (1984), Washington (1985), and data indicated by symbol 


Table 4.—Dimension limestone sold or m producers in the United States in 1985, 
y 


Includes Alabama, 
and data indicated by symbol W. 


Quantity Cubic feet Value 
(short tons) (thousands) (thousands) 
F 3,331 42 $116 
7 1.750 21 107 
CCC W W W 
9 d E 611 1 33 
dep 0 18,787 235 842 
77. EE 277,796 3.728 83,797 
T 802,274 4,033 34,895 


Iowa, Kansas, Maryland, Michigan, Minnesota, New Mexico, Ohio, Oklahoma, Texas, Washington, 


Table 5.—Dimension sandstone sold or Mer producers in the United States in 1985, 
y 


ve æ —á gem mm o em on E22 — mp gn or b wm mp wt ge uh wm wm mm — — 


Quantity Cubic feet Value 
(short tons) (thousands) (thousands) 
ER 5,145 64 $305 
EE 8,405 108 366 
S 6.055 76 502 
pS M eee 230 3 18 
EE 7.788 99 491 
EEN 23,803 805 1,019 
MEE Ee 14,490 995 4,909 
FFC 125,916 21.652 7,610 


1Includes Alabama, Arizona, California, Colorado, Georgia, Idaho, Michigan, North Carolina, Ohio, Oklahoma, 


Tennessee, and Utah 


Data do not add to total shown because of independent rounding. 
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Table 6.—Dimension marble sold or i Aaa in the United States in 1985, 
y 


nee to avoid disclosing company 
udes 
Dd Alabama; 7 


Cubic feet Value 
Deeg a (thousands) (thousands) 
„5 Ww Ww 
3 88.315 887 $20,658 
F 34. 160 387 20,658 


proprietary data; included with “Other.” 
Georgia, Massachusetts, Montana, New Mexico, North Carolina, Tennessee, Vermont, and data 


CONSUMPTION AND USES 


Dimension stone was marketed over wide 
areas. Industry stockpiles were not monitor- 
ed, and production during 1985 was assum- 
ed to equal consumption. 

Consumption of domestic dimension stone 
decreased slightly to 1.12 million tons val- 
ued at $171.7 million. Dressed slabs and 
blocks for building construction were 19% 
of the total value of consumption, followed 
by ashlars and partially squared, dressed 
pieces, 19%; dressed monumental stone, 
15%; and rough stone used for monumental 
purposes, 14%; and rough blocks used for 
building and construction, 10%. 

Of the total consumption of domestic 
granite, 24% by value was rough monumen- 
tal stone, 23% was other dreased stone, and 
22% was dressed monumental granite. 

Consumption of domestic limestone to- 
taled 302,300 tons valued at $34.9 million, of 
which 76% by value was dressed stone for 
building, and 21% was other rough stone. 

Several manufacturing facilities to make 
resin agglomerated stone, a marble and 
granite look-alike, recently came on-stream. 
Armstar's Breton-equipped plant at Lenoir 
City, TN, produced a 3/8-inch and 3/16- 
inch-thick marblelike tile out of a mixture 
of marble chips and resin. The color of the 
tile was a reflection of the natural colors of 
the chips used to make it. Marmor Works 
Ltd. began making celtic granite slabe for 
cladding and flooring at its new plant in 
Wales from silica-rich aggregate and pig- 
mented polyester resin binders. The product 
was said to be 90% cheaper than natural 
stone cladding to match the performance 
characteristics of granite for fire, weather- 
ing, and abrasion resistance, and to exceed 
these characteristics for marble. 

The appearance of several artificial slate 
roofing materials accompanied the strong 
British market for natural slate roofing in 
the last several years. Redland Roof Tiles 


Ltd. began production of its new lightweight 
interlocking roofing slatelike product, 
which it will market first in southwest 
England. The product, called Cambrian, 
was mostly made from crushed and 

natural slate and stone (65%) combined 
with glass fiber and a resin binder and 
individually molded to give a single re 
inforced tile with an interlocking fixing 
mechanism. The tile surface was made to 
resemble that of natural slate and under- 
goes a preweathering process to make it 
look even more natural. The interlocking 
feature allows the tile to be laid single lap, 
thus lessening substantially the amount of 
material required to cover the roof, compar- 
ed with natural slate, which must be double 
lapped on the roof. The interlocking feature 
therefore lengthens the time until corrod- 
ing nails make roof repair or replacement 

3 


necessary. 

Anglia Resins Ltd. began selling its Ang- 
lia Slate on the British roofing market. The 
product was made from a blend of fine- 
grained silica, colorfast pigment and a 
methacrylate resin binder. Anglia Slate can 
convincingly substitute for any natural 
slate because the pigments can be mixed to 
match any color, and the product varies 
from piece to piece as the natural slate 
would because it is made in different molds 
that give different surface textures. The 
firm invented the process and designed its 
own production machinery. The product 
usually was priced under British natural 
roofing slate but above Spanish imported 
slate. Anglia Slate is easy to install because 
it is predrilled, lighter, and more consistent 
in size than natural slate. Both of these 
manufactured slatelike roofing products 
provided formidable competition to roofing 
slate. 
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Table 7.—Dimension stone sold or used by producers in the United States in 1985, by use 


Cubic fest Val 
= Giotto) (thousands) — 
. and construction 3445 
e bee J es 162.183 1,964 RW 
Monumenta... 282,129 
LAT CT ous een oat eae mem ewe Bowe eee eee eee 12 61 
OU ³ꝛ¹ ³ꝛ yd m aes 6,968 83 288 
Dressed stone: 
Ashlars and partially squared pieces __ . «4 «44 188,406 1,765 82,981 
Slabs and blocks for and constructin ndnd 102,660 1,908 $3,196 
Monumental EE 68,287 682 25,400 
EE 2320 Kä EC 
EE bere een eben see 12,534 138 6,342 
Flooring slate- _._____-_---------_---------------- 6,537 72 2450 
. dd ee eee 1,120,585 13,687 171,667 
A ag stone, and net 
?Includes other rough uses 
*Includes veneer and a small amount of tabletops. 


Table 8.—Dimension granite sold or used in the United States in 1985, by use 


Cubic feet Pal 
Use PS gen EE eens E Ee 
r. F 102,342 1.228 $2,671 
MORS -m te Ee 2,819 
Monumental’ e ß 127,066 2,502 22,226 
Dressed stone: 
— — CENE NE. 
198 aR . RISC ID WO aa Oe 60,375 880 
EE 602,288 56.974 98,884 
3 
3Includes rough stone. 


“Includes ashlars and partially squared pieces, and slabs and blocks for building and construction. 
Data do not add to total shown because of independent rounding. 


er on one DON OE geleiert, 
y use 


Cubic feet Value 

Use eae (thousanda) (thousands) 
stone! 96,897 eta $770 

Irregularshaped tq⁰οſię 
Other — o h EEN 147,295 2014 7,429 

Dressed stone: 
Monumental ~- --.----------- -=== ec eee E HA cee 1,776 22 174 
Ee 632 1 18 
e TE EE 8 116,776 1,526 96,506 
7... ³¹·¾ſ e Soe 902,274 4,088 94,896 
!Includes 


rubble. 
rough blocks for building and construction and a small amount of flagging and monumental. 

peres tebletop und ass. SS wé SS 5 ui 
ERES aay amt edd (o lale or Doors of independent rounding. 
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Table 10.—Dimension sandstone sold or 3 by producers in the United States in 1985, 
y use 


Quantity Cubic feet Value 
Use (short tons) (thousands) (thousands) 
Ro 
Uh blocks for building and construetiomudmuumu 15,685 212 $377 
Irregular-shaped stone „ 54.869 "13 214 
Lé o ß i ag ca teats 4,251 55 177 
Dressed dud 
Ashlars an uared pieces 29.465 889 2,498 
Slabs and blocks for arar m Se PEF and construction |... k. 7,300 100 1,568 
Te EE 7,805 101 551 
LR, n “GA ⁰y n LA ei et AE 6,541 83 299 
Totale obo dd ei 125,916 1,662 1,610 
Includes rubble. 
Includes flagging, other rough stone, and uses not specified. 
Includes veneer. 


Includes curbing, monumental, and billiard tabletops. 
5Deta may not add to totals shown because of independent rounding. 


Table 11.—Dimension slate sold or used by producers in the United States in 1985, by use 


Quantity Cubic feet Value 
Use (short tons) (thousands) (thousands) 
//! ado ae acne el ee E ⅛˙mw ee mm 88 15,575 171 $1,799 
WR a ere ca a AE 12,534 138 6,342 
Structural and ganitarꝶ·;T!?„n „„ 6,018 66 8,073 
Flooring slatJ)))))))hh)h)hh)hhkk «„ 6,587 72 2,459 
Total eL ß ß p E 40,664 441 13,664 


Includes small amount of billiard tabletops. 


Table 12.—Dimension marble sold or used by producers in the United States in 1985, 


by use 
Quantity Cubic feet Value 
Use (short tons) (thousands) (thousands) 
ac A stone: 
ugh blocks for building and construction 3,496 39 $747 
i, ß oe ran EE 15,525 170 6,945 
Dressed stone: 
Ashlars and partially squared piece 5,362 63 eon 
Slabs and blocks for building and construction? __....___________ 9,777 115 6,890 
RE 84,160 887 320,658 


‘Includes irregular-shaped stone and other rough and dressed stone. 
*I[ncludes smal! amount of flagging and monumental. 
*Data do not add to total shown because of independent rounding. 


The average price for dimension stone increased 1496 to $153 per ton. 


FOREIGN TRADE 


Exports.—Exports of dimension stone, ly because of increases in imports of dressed 
about one-half of which was granite, granite and polished slabs of marble. Im- 
decreased 40% in value to $14 million. ports of polished marble slabs, mostly from 

Imports.—Imports of dimension stone in- Italy, increased 45% to $88 million. Imports 
creased 32% in value to $295 million, most- of dreesed granite increased 42% to $103.7 
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million, primarily because of a significant by marble, 30%; travertine, 6%; and slate, 
increase from Italy. On a value basis, gran- 2%. 
ite accounted for 87% of importa, followed 


Table 13.—U.S. exports of dimension stone, by type 
(Thousand short tons and thousand dollars unless otherwise specified) 


1984 1985 3 
Quantity Value Quantity Value in S 
Granite articles NA 4,878 NA 1,888 Canada 54%. 
Granite, rough .------------------------ 79.7 8,895 42.1 5,828 J rig x 
Limestone, dressed, for building or monumental 9 69 1.0 116 United King- 
Limestone articles 34.1 1,598 2.6 100 Canada 70% 
Marble, breccia, and onyx, EUER or quar ed 13.6 846 9 Canada 7796 
Marble, breccia, and onyx articles NA 991 NA 1,191 Canada 29% 
Slate building articles NA 177 N . 
Slate building articles, o tber NA 960 NA 1,568 Canada 85%. 
Stone, rough, for building or monumental 9.8 1,270 9.8 1.299 Japan 52%. 
Stone, other, including or Jet -- NA 8,828 NA 1,883 Canada 24%. 
Total £a DN hates i a ae LUE NA 223,007 NA 13,835 


Source: Bureau of the Census. 


Table 14.—U.S. imports for consumption of dimension granite, by country 
(Thousand cubic fest and thousand dollars) 


SP 
Rough? Dressed n. r p.. 
Country ugh undeco- 
Quantity Value Quantity Value rated? 
(value) 
1988.5. d sl 845 4,993 1,828 79,958 5,068 
1984: 
C7Cö; ˙ mmh 18 190 8.527 66 
Candle son x d D dcs 1,249 4,215 283 11,102 2,617 
India ccc nd uem ECL 15 214 18 
T ²·¹wmwʃ ] Ä A ere ee! E 11 825 2,596 49,955 1,224 
1111111 A 88 (*) 2 9 159 20 
e cr ees (*) 27 1 
Saudi Arabis geheegt See casas 1,976 95 59 134 108 
South Africa, Republic of. |... 259 415 (*) 17 8 
Spáin uu uasa e cee 8 SÉ zs 230 4,096 96 
ER Lu rem ee eee eee owt 968 111 127 3,021 1,257 
AOE oco A e ed ais 5,217 5,395 3,589 78,070 6,478 
1985: 
CCC» ie ene: 5 11 239 8,358 $260 
e 2,489 4,107 252 10,078 5,785 
Indc causa be e d e E ELE E dm 6 1,255 19 
11oĩ;§jr ⁊ĩ V da ee pu Ee 8 192 157 5,519 13,681 1,926 
Japan obit Bee c Sus eu d e m a 883 84 
8 EE 62 217 887 874 78 
Saudi Arabia 155 129 499 534 28 
South Africa. Republic jj 87 555 60 d 
pali. uei ded do eani ue s n (*) 12 538 8,626 
—n:: «˙ꝶ TT.... IG edd acie 8 124 783 480 4,885 2,883 
Total deht tui ee 3,020 6,097 7,928 103,680 11,064 


Does not include unmanufactured, nonmonumental granite. 
Quantity not reported. Does not include granite n.s.p.f. decorated. 
Less than 1/2 unit. 

*Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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Table 15.—Imports for consumption of major categories of dimension marble, travertine, 
and other calcareous stones, by country 
Marble, 
Marble, breccia, or onyx, breccia, or 
poli slabs onyx, other Travertine dressed’ 
Country — 
tity Value Value Quantity Value 
square feet) (thousands) (thousands) (shorttons) (thousands) 
j|. pc atc a 17,318 $41,938 $28,461 67,340 $18,414 
1984: 
E EE ME 8 918 1,883 808 70 88 
Germany, Federal Republic off 178 304 579 18 4 
Greece LLL ee 773 1.266 886 5 1 
I/ eut EE 19,354 42,917 15,978 185,081 16,000 
MéXiGO hc le Se 1,178 1,798 2,592 18,179 741 
Pakistan. noue mae ³ A 88 892 nos s 
Philippines 441 94 = oe 
Portügál.. oo ee deeg 2,018 8,962 894 861 154 
Spain- uus A 3,677 5,836 965 8,490 169 
Taiwan JJ ĩðâ d ( 635 1.169 17,465 159 175 
G!!! ⁰ ⁰ = AAA 822 1,848 1,838 226 89 
Total ors i eue Lucie tu 29,801 60,957 40,936 157,534 16,371 
1985: 
EH 588 2,021 1,110 2 3 
9 Federal Republic o.. 427 483 815 EES 22 
Greece S. e Lo 8 1,340 8,086 310 2 
Italy ouod e ⁵⁵¼(mr. 8 88,573 60,637 19,627 168,784 18,088 
ööĩ;& 1,148 1,984 8,673 284 
Pakistans 35 187 593 S "n 
Philippine 419 655 145 dm Gate 
e e 8,7653 4,719 1,424 42 9 
Spain ooo ee Sed euet edet 7,419 11,168 1,748 8,31 143 
Taiwan --------------------- 910 1, 8,662 aise 22 
r a S 1,529 2,155 1,860 7,315 12$ 
TEE 56,137 88,579 $9,521 180,811 18,654 
1Does not include certain special kinds of rough marble, breccia, or onyx. 
*Quantity not reported. 
*Suitable for use as monumental, paving, or building stone. Does not include travertine articles. 
“Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 16.—U.S. imports for consumption of other dimension stone, by type 
1984 1985 
Quantity tthe Quantity oe Peale’ 
otu- 1 
san sands) ! 
Granite, unmanufactured, nonmonumental 
tons. _ 27,758 $554 21,522 $848 ery nad 
Granite, n.s.p.f., decorated .----------------- 2 620 Je 402 Italy f 
Limestone, dressed, heen nn short tons. . 4,855 612 15,987 1145 France 40%. 
Marble and breccia, rouh 8 cubic feet. 57.629 997 181,755 609 = Italy 49%. 
Marble, breccia, onyx, and tiles, unpolished 
square feet 1,413,100 1,625 1,563,636 1,881 Hat ett 
Slate, roofing --------------------— --- 1,008,911 697 1,121,961 926 35%. 
Slate, hate zo oa re A NM 5,178 " 6,741 Italy 54%. 
Travertine artic sd undecorated. —- ..---------——- Ge 3,999 5 6,012 Italy 89%. 
Travertine articles, decorated `... ------------ es 1,489 —— 2,105 Italy 96%. 
Stone, unmanufactured ~ ----------- short Gong, 161.258 825 85,769 1,156 Belgium 54%. 
Stone, dressed, building do 2,039 659 7,129 1,185 Mexico 35%. 
Stone, other n.s.p.f., undecorated _------------- its 1,869 = 1,837 Mexico 334. 
Stone, other n.s.p.f., decorated Em 2,519 oe 2.648 Mexico 25%. 
1By value. 


Source: Bureau of the Census. 
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WORLD REVIEW 


Some production of dimension stone oc- 
curred in most countries of the world. As 
usual, Italy produced about one-half of the 
world’s total. Other significant producers 
were Brazil, Finland, India, Norway, Portu- 
gal, Spain, Sweden, Turkey, and the United 
States. 

Canada.—Canadian production of dimen- 
sion stone, mostly granite, expanded sub- 
stantially in the last several years because 
modern finishing plants with new European 
equipment came on-stream or will do so 
shortly. Granicor Inc. brought on-stream a 
new plant equipped with European saws 
and polishing equipment in Quebec, result- 
ing in the opening of six new granite quar- 
ries in the Province. Karnuk Marble Indus- 
tries Inc. announced plans to establish a 
similar plant in Cornwall, Ontario. RPS 
Marble Limitee announced a $7 million 
expansion and modernization of its dimen- 
sion stone finishing facilities, to be partly 
paid for by a grant of $1.4 million from La 
Société de Developpement Industrial du 
Quebec. 

China.—Local authorities announced the 
discovery of a black marble deposit with 
reserves of 22 million tons near Tuoyaoling, 
Jilin Province. The authorities announced 
plans to develop the deposit. 

The Provincial Geological Department of 
Hebei Province announced that it discover- 
ed over 7 billion cubic feet of marble re- 
serves in 20 counties of the Province. Re- 
serves of more than 50 different varieties of 
marble are available, with many of them 
presently being quarried and processed. The 
provincial authorities indicated that they 
plan to quarry over 35 million cubic feet of 
marble each year in the Baoding area alone 
and to import Italian quarrying and proc- 

essing ee Some of these stones 
have markets. 

Ethlopia.—The Ethio-Libyan Joint Min- 
ing Co. began mining large reserves of pure 
white fine-grained marble with a hint of 
translucency called Boka White. It is being 

quarried from 16 sites in the Mendi District 
in the western part of Wollega Province, 
near the Sudanese border. The firm, which 
is only 4 years old, planned to produce 
about 350,000 cubic feet of marble per year. 
It also announced plans to build a finishing 
plant in central Ethiopia to make marble 
tiles. The firm also indicated that it pro- 
duced 210,000 cubic feet of good quality 


granite blocks, including some of a black 
granite and pink granite. The marble and 
the black and pink granite were commer- 
cially available on European markets. 

Finland.—Outokumpu Oy expanded its 
activities into dimension granite by found- 
ing a subsidiary, Granite Products Ltd., 
with a granite deposit in Taivassalo, in 
southwestern Finland. The firm planned to 
open a quarry and bring Finland's first 
finishing plant on-stream in 1985. Produc- 
tion was scheduled to be in a range from 
105,000 to 175,000 cubic feet. The plant will 
cost $5 million. Finland has been a major 
exporter of rough granite blocks, mostly to 
European destinations. 

Greece.—The Drama-Kavala area pro- 
duced 3.15 million cubic feet of white and 
white-gray marbles, much of which was 
exported as rough blocks and finished prod- 
ucts. The Ioannina area produced 1.75 mil- 
lion cubic feet of beige marble, almost all of 
which was consumed domestically. The Ar- 
golis area produced 1.40 million cubic feet of 
beige, brown, and red marbles, most of 
which was finished in Athens. The Attica 
area produced 0.72 million cubic feet of 
white (Pentelikos) and ash-blue marble, 
most of which was exported. The major 
firms are Hellenic Chemical Products and 
Fertilizers Co. Ltd., Kavala Marbies S.A., 
and Skaris Marble S.A.* 

Jamaica.—Marble production is present- 
ly quite small, but fairly sizable reserves 
would allow it to be expanded. The small 
amounts now being produced were used 
locally for mosaic slabs and tiles, tabletops, 
bar counters, and terrazzo tiles. There are a 
number of deposits, but only the Serge 
Island deposit has been explored. The upper 
15 feet of this deposit was severely shocked 
by unnecessary blasting during past quarry- 
ing and would probably not be commercial- 
ly usable as a dimension stone. The large 
amount of material beneath this upper 
layer, down to at least 150 feet, is high 
grade, competent, and quarriable. The ma- 
terial found acceptance in the North Ameri- 
can market before 1965 and, therefore, was 
believed to be ready for commercialization.* 

Saudi Arabia.—The Saudi Arabian Gov- 
ernment continued its dimension stone pro- 
gram. Eight model quarries in the western 
part of the country near the Red Sea were 
operated. Most of the quarries were worked 
for granite, two for anorthosite, and one for 
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limestone. The stone was made into slabs 
for building at two pilot finishing plants at 
Jiddah. Exploration continued to add to 
existing sizable reserves. 

Spain.—The Instituto Geologico y Minero 
de España issued its latest figures for mar- 
ble production by geographic unit. Of the 
total quantity of marble produced in 1980, 
25.4% originated in Alicante Province in 
the Levantine Region, 19.3% in Murcia 
Province in the Levantine Region, 18.896 in 
Barcelona Province of the Catalonia Region, 
9.7% in Almería Province, 7.6% in Navarra 
Province of the North Region, 7.4% in 
Valencia Province of the Levantine Region, 
and the balance in other Provinces. 

United Kingdom.—The British slate in- 
dustry prospered and expanded in 1985. 
Penrhyn Quarries, part of the Alfred 
McAlpine Minerals group, bought the But- 
termere & Westmorland Green Slate Co. 
Ltd. of Borrowdale, Cumbria. This firm had 
an underground green slate quarry, which 
has been operated since 1753, at the top of 
the Honister Pass and a small plant that 
produced flooring, roofing, and other slate 
preducts. Plans called for developing re- 
serves and increesing production of roofing 
and architectural slate, with some of the 
production to go to the U.S. market. The 
firm planned to buy another quarry in 
Cumbria. Penrhyn Quarries also bought the 
Hilltop Slate plant and quarries in New 
York and Vermont. Penrhyn Quarries 
Welsh quarry produced a number of colors 
of slate, but blue and plum were the most 
important. The installation of new saws and 
equipment was planned for the plant at the 
quarry site. Production at the Welsh quarry 
expanded since 1982. Published data indi- 
cate that Penrhyn Quarries produced 18,200 
tons of roofing slate and 15,400 tons of 
architectural slate in 1984, compared with a 
total British production of 24,200 tons of 
roofing slate in 1984. British production of 
nonroofing types of slate increased marked- 
ly in the last several years.* 

Delabole Slate Ltd., a subsidiary of Car- 
non Consolidated Ltd., expanded its quarry 
in Cornwall and brought it up to modern 
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quarrying standards. When completed, the 
firm planned to expand production capacity 
by renovating the plant with the latest 
Italian equipment and installing diamond 
wire saws in the quarry. 

Burlington Slate Ltd. began a $1.5 million 
effort to upgrade equipment and to consoli- 
date all its processing at the Kirkby-in- 
Furness plant. The roofing section with its 
three new circular saws was already on- 
stream. Production continued from most or 
all of the presently operating quarries 
scattered about Cumbria. The newly equip- 
ped roofing section of the plant was ex- 
pected to almost double output per employ- 
ee. The balance of the new plant, featuring 
two Italian 30-blade frame saws and two 
more large circular saws, was expected to be 
on-stream in late 1985. Some finishing 
equipment will also be added, such as a 
flame-texturing machine. After the new 
equipment is installed, the product mix 
would shift from roofing slate toward archi- 
tectural slate. 

Burlington Slate has been a very active 
exporter in the last several years. It recent- 
ly supplied China with $180,000 worth of 
polished slate flooring for a museum, de- 
spite the fact that China itself is a major 
producer and exporter of slate. According to 
published data, Burlington Slate produced 
4,950 tons of roofing slate and 3,000 tons of 
architectural slate in 1984, 30% to 40% of 
which was exported.’ 

Dimension stone quarrying in Scotland 
has revived in the last few years, mostly 
because of a need to restore buildings built 
of Scottish stone. The creamy brown New- 
bigging sandstone was first returned to 
production to restore a Swedish cathedral 
and now will continue to be produced for 
use in the new National Library of Scotland 
building. The whitish gray Dunmore sand- 
stone was produced to restore a hunting 
lodge and will be used in an office redevel- 
opment project in Edinburgh. The red Ross 
of Mull granite was quarried again, but 
with no specific restoration or other market 
in mind.* 


TECHNOLOGY 


A Bureau of Mines study on the use of 
geotechnology to identify and reduce 
ground control hazards at slate quarries 
was published. The study was performed at 
one quarry in eastern Pennsylvania. The 
major hazard covered was falling rock at- 


tributable to weathered bedding plane 
faults. Results indicated that the bedding 
plane faults can be detected outside the 
quarry perimeter by using surface resistivi- 
ty measurements. The other major hazard, 
falls of ice from quarry highwalls, was 
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found to be rectifiable using water diversion 
as the basic control method. In situ streeses 
were usually a minor problem in slate 
extraction, although they could interact 
with developed streeses to result in failure 
of barriers between quarries. Pull tests 
showed that loose rock can be secured by 
rockbolts, which anchor firmly in the slate.* 

A conference on the “Degradation of Ma- 
terials Due to Acid Rain" was held in 
response to a rising concern about the 
damage caused by acid pollutants to con- 
crete, dimension stone, metals, paint, and 
wood. The Environmental Protection Agen- 
cy estimated that the damage would total at 
least $5 billion per year. Acid pollutants are 
known to attack limestone and marble in 
ancient monuments like the Acropolis. This 
fact has been verified by preliminary re- 
sults from experiments now under way. It is 
believed that granite and sandstone also are 
probably vulnerable to attack. The precise 
causes of the damage and the processes by 
which it happens are not clear, but the 
completion of experiments now under way 
may increase the understanding of atmoe- 
pheric degradation of stone. 

The deterioration of marble in tomb- 
Stones was studied in the New York City 
area. Tombstone thickness and depth of 
emblem inscription were measured in two 
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cemeteries, one in an industrial area in 
New York City and one in a semirural area 
on Long Island. Weathering rates were 
higher in the industrial area. Sulfur dioxide 
concentrations from 1880 to 1980 were esti- 
mated for New York City from a retrospec- 
tive air quality model and were found to 
have a linear relationship with the weath- 
ering rates. The weathering coefficient for 
New York City was determined to be one- 
half inch, per century, per part per million 
of sulfur dioxide for fine-grained marble." 
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Sulfur 


By David E. Morse! 


The United States retained its position as 
the world’s largest sulfur producer, with an 
increased output of sulfur in all forms of 
nearly 1 million metric tons compared with 
that of 1984. Output from Frasch mines 
increased 20%, exceeding 5 million tons for 
the first time since 1981. Production of 
recovered elemental sulfur from petroleum 
refineries and natural-gas-processing plants 
increased to an all-time high and was over 5 
million tons for the second consecutive year. 
Domestic demand continued to exceed pro- 
duction, and the United States remained a 


net sulfur importer. Shipments of sulfur in 
all forms from domestic preducers decreas- 
ed about 200,000 tons; production surpassed 
shipments by nearly 400,000 tons. 

Apparent consumption of elemental sul- 
fur from all sources declined 7%. Shipments 
of Frasch sulfur to domestic consumers, 
however, declined 10% and supplied 35% of 
elemental demand. The average annual 
price for all elemental sulfur increased 
domestically and worldwide despite a drop 
in world spot pricing during the final 4 
months of the year. 


Table 1.—Salient sulfur statistics 
(Thousand metric tons, sulfur content, and thousand dollars unless otherwise specified) 
1981 1982 1983 1984 1985 
United States: 
Production 
/!!! ³ð a demi dte iE 6,348 4,210 3,202 4,198 §,011 
Recoveresudln 4.259 4.404 4,955 §,214 §,313 
Other ort 1,538 1,173 1,133 1,245 1,285 
l Gate ee eae 12,145 9,787 9,290 10,652 11,609 
Shipments: 
Le EE 5,910 8,598 4111 5.001 4,678 
Recovereeeůddll „ ,207 4,844 5,041 5,210 5,266 
Are; 1.538 1.173 1.133 1.245 1.285 
Total. nao ꝗ] ĩ⁵⅛² . ð—K . eat 11.655 9.115 10,285 11,456 11,229 
Imports, elementaaalllll“!?ꝛ4ẽN 2,522 1,905 1,695 2,557 2,104 
Exports, elemental? |... LL LLL Llc ___ 1,392 961 992 1,334 1,365 
Consumption, apparent, all forms _ -- -------------- 12,785 10,059 10,988 12,679 11,968 
Stocks, Dec. 31: : Producer, Frasch and recovered ________ 73,546 74.218 3,223 72 419 2,799 
Value: 
Shipments, f.o.b. mine or plant: 
Le EE 8 $715,683 $434,660 $414,210 $546,106 $573,570 
RCCC» o AAA A 412.115 425,217 384,214 416,878 485,084 
Other forms oo ce ee — 140,618 122,177 116,255 121,692 128,937 
J/§öÜ⁵¹L!...n. i oe 1,268,416 982,054 914.679 1,084,676 1,182,591 
SE elemental* 2-2-2 Le $209,766 $164,885 $129,110 $200,189 $199,240 
rts, elementall Le 187,407 $122,143 $109,298 $156,067 $189,248 
emental, dollars per metric ton, f.o.b. mine or plant $1 11.48 108.27 7.24 $94.31 $106.46 
World: 1 all forms (including pyrites )) 53. 50,870 50,530 P52,607 54,856 


Estimated. Preliminary. "Revised. 
Includes Puerto Rico and the Virgin Islands. 


Includes exports from the Virgin Islands to foreign countries. 


3Declared customs valuation. 


*Includes value of exports from the Virgin Islands to foreign countries. 
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Figure 1.—Trends in the sulfur industry in the United States. 


SULFUR 


World sulfur production continued to re- 
cover from the depressed levels of 1982 and 
1983, but failed to satisfy world demand, 
which required a drawdown from invento- 
ries of about 2 million tons. This inventory 
reduction was less severe than the 3- and 4- 
million-ton reductions in 1983 and 1984, 
respectively. 

Domestic Data Coverage.—Domestic pro- 
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duction data for sulfur are developed by the 
Bureau of Mines from four separate, volun- 
tary surveys of U.S. operations. Typical of 
these surveys is the "Elemental Sulfur" 
survey. Of the 190 operations to which a 
survey request was sent, all responded, 
representing 100% of the total production 
shown in tables 1 and 2. 


DOMESTIC PRODUCTION 


Sulfur is one of the few elements that 
occurs in nature in the native, or elemental, 
state. It also occurs combined with iron and 
base metals as sulfide minerals, and with 
the alkali metals and alkali earths as sul- 
fate minerals. In coal and petroleum, sulfur 
is found in a variety of complex organosul- 
fur compounds, and in natural gas, as hy- 
drogen sulfide (H:S) gas. Commercial pro- 
duction of sulfur, either as elemental sulfur 
or combined in another chemical form, in 
the United States is accomplished by a 
variety of methods dictated by the sulfur 
source. Native sulfur in sedimentary depoe- 
its or associated with the caprocks of salt 
domes is mined by the Frasch hot water 
process, in which the sulfur is melted un- 
derground and brought to the surface with 
an airlift. Sulfur from iron and base metal 
sulfides is usually recovered as sulfuric acid 
during roasting or smelting. Sulfur from 
coal may be recovered in the elemental 
form or as ammonium sulfate during the 
production of coke; as sulfuric acid or sulfur 
dioxide when burning coal; or when pro- 
ducing low-British-thermal-unit coal gas, as 
ammonium sulfate while scrubbing the gas 
with ammonia. Sulfur is recovered from 
petroleum and natural gas by absorbing the 
H, S in an amine solution, then regenerat- 
ing H. S, and processing it into elemental 
sulfur in a Claus converter. 

Frasch.—In January, the United States 
had five Frasch mines operating in Texas 
and Louisiana. Mines in Louisiana were 
Freeport Minerals Co. at Garden Island Bay 
on the Mississippi River Delta and Grand 
Isle, 7 miles offshore in the Gulf of Mexico. 

Companies in Texas were Farmland Indus- 
tries Inc. at Fort Stockton; Pennzoil Sul- 
phur Co., formerly Duval Corp., a subsid- 
iary of Pennzoil Co. renamed in 1985, at 
Culberson; and Texasgulf Chemicals Co. at 
Boling Dome in Wharton County. Farmland 
discontinued operations at its Fort Stockton 
facility in March because of sulfur reserve 
depletion. Texasgulf's Comanche Creek, TX, 


facility was idle for the entire year. Free- 
port announced that Frasch operations 
would be undertaken in 1986 at its Camina- 
da Pass, LA, property, which had last pro- 
duced sulfur in 1968. At yearend 1985, the 
Frasch mining industry was operating at 
about 9096 of capacity. 

Frasch sulfur output increased 800,000 
tons over the depressed quantity produced 
in 1984. Shipments to domestic and overseas 
consumers, however, declined by 300,000 
tons. Frasch sulfur accounted for about 43% 
of domestic production in 1985, compared 
with 39% in 1984. Approximately 79% of 
Frasch sulfur shipments was for domestic 
consumption, and 21% for export. 

Recovered.—Production of recovered ele- 
mental sulfur, a nondiscretionary byprod- 
uct from petroleum refining, natural gas 
processing, and coking plants, accounted for 
46% of the total domestic output of sulfur in 
all forms, compared with 49% in 1984. 
Production and shipments reached all-time 
highs exceeding 5.25 million tons because of 
record-high production from petroleum re- 
fineries. A decline in output from natural 
gas plants in Florida and Mississippi was 
partially offset by increased production 
from plants in Wyoming. This designated 
type of sulfur was produced by 54 compa- 
nies at 155 plants in 26 States, 1 plant in 
Puerto Rico, and 1 plant in the U.S. Virgin 
Islands. Most of these plants were of rela- 
tively small size, with only 11 reporting 
annual production exceeding 100,000 tons. 
By source, 55% was produced at 84 refin- 
eries or satellite plants treating refinery 
gases and 3 coking plants, and 4596 was 
produced by 26 companies at 68 natural 
gas treatment plants. The five largest 
recovered-sulfur-producing companies were 
Chevron U.S.A. Inc, Exxon Co. U.S. A., 
Shell Oil Co., Standard Oil Co. of Indiana, 
and Texaco Inc. These companies' 59 plants 
accounted for 63% of recovered elemental 
sulfur output during the year. 

The leading States in production of re- 
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covered sulfur were California, Louisiana, total recovered sulfur shipments. The total 
Mississippi, Texas, and Wyoming. These value of recovered sulfur shipments increas- 
five States contributed 71% of total output; ed 16% compared with that of 1984. 
shipments from Texas accounted for 28% of 


Table 2.—Production of sulfur and sulfur-containing raw materials in the United States 


(Thousand metric tons) 
1984 1985 

Gross Sulfur Gross Sulfur 
weight content weight content 
, ß e E 4,193 4,193 5,011 5.011 
Recovered sulfur SET eon rca eae 5,214 5,214 5,313 5,313 

yproduct sulfuric acid ( is) uced at copper, „ MO um, 
and zinc plants nz uum AE 2,942 962 2,928 967 
Other ſormʒ z 723 283 814 328 
Totül zc d ne lu ncm eec EL Dac D 8 XX 10,652 XX 11,609 


XX Not applicable. 
Includes Puerto Rico and the Virgin Islands. 
Includes hydrogen sulfide, liquid sulfur dioxide, and pyrites. 


Table 3.—Sulfur produced and shipped from Frasch mines in the United States 
(Thousand metric tons and thousand dollars) 


Y Production Shipments 
ear 
Texas Louisiana Total? Quantity Value’ 

IUBE s acre ]%⅛ q Add LATE y 8 3.908 2.440 6.348 5.910 115.683 
he 2,898 1,312 4,210 3,598 

983 EE 1,915 1 8,202 4,111 414,210 
// ³ T" ccn TEC 2.251 1,937 4,193 5,001 546,106 

DEB olent ö; ð LR x E 2,940 2,071 6,011 4,678 573,570 

Data may not add to totals shown because of independent rounding. 


F. ob mine. 


Table 4.—Recovered sulfur produced and shipped in the United States: 
(Thousand metric tons and thousand dollars) 


Production Shipments 
Year Natural petroleum 

e, fineries? Total Quantity Valus? 
§Üĩ5 :::...... ĩͤ 1,971 2,288 4,259 4,207 412.115 
ü ¾ 0 e Isak et y RE At 8 1,960 2,444 4,404 4,344 425217 
1983 M ͥͥ ͥͥ TTT0fſdT0Tꝙ———T0GCBꝙVw Sg ete Eg 2,371 2,584 4,955 5,041 884.214 
11. ⁰˙UuiuA.n 88 2,407 2,807 5.214 5.210 416,878 
EE 2,373 2,940 5,313 5,266 485,054 


Includes Puerto Rico and the Virgin Islands. 
*Includes a small quantity from coking operations and utility plants in 1981-82; includes only a small quantity from 
coking operations in 1983-85. 
F.o.b. plant. 
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Table 5.—Recovered sulfur produced and shipped in the United States, by State 
(Thousand metric tons and thousand dollars) 


1984 1985 
State Production Shipments Production Shipments 
(quantity) Quantity Value (quantity) Quantity Value 

Alabama `... 380 380 84,492 370 367 35,421 
California. - - -- „44 516 516 28,695 590 516 47,087 
Florida- - eee nce Eee 111 111 W 91 91 w 
Heng s merci E 182 181 15,838 193 194 19,895 
Louisiana ` -—------------------ 320 318 29,901 405 403 45,053 
Michigan and Mumnneeota. 139 139 9,627 137 138 11,623 
Missisippi `... 745 154 14,382 578 565 62.156 
New Jere yr, 58 59 6,636 74 74 9,357 
New Mexico 63 4,245 55 55 4,281 
North Dakota `... 112 112 5,512 108 109 6,127 
C7 ³ 8 89 89 3,983 36 36 8,891 
Pennsylvania 53 52 4,487 50 50 4,475 
DEAE eeu eee eee E 1,417 1,413 121,447 1,500 1,496 147,426 
Wisconsin ~~~ ue 2 108 1 2 96 
e 626 624 23,280 703 699 $5,335 
i ß 453 447 54,185 420 411 52,862 
te 5,214 5,210 416,878 5,313 5,266 485,084 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 
Includes Arkansas, Colorado, Delaware, Indiana, Kansas, Kentucky, Montana, Utah, Virginia, Washington, Puerto 


Rico, the Virgin Islands, and data indicated by symbol W. 


Mata may not add to totals shown because of independent rounding. 


Table 6.—Recovered sulfur produced and shipped in the United States, 
by Petroleum Administration for Defense (PAD) district 


(Thousand metric tons) 


District and source 


PAD 1: 


Petroleum and coke `... 22-2 
Natural gaͤ ds 


PAD 2: 


Petroleum and coke `... 
Natural gas uge ð⅛ðUʒ Add SS 


PAD 3:? 


PAD 4 and 5: 


1984 1985 
Production Shipments Production Shipments 


mus 228 228 230 221 
x 110 111 91 91 
ae 339 839 821 318 
=e 504 500 495 495 
Se 114 114 111 112 
ER 618 615 606 608 
= 1,440 1,443 1,498 1,468 
a l, L 1,476 1,479 
en 3,006 3,007 2,975 2,948 
Sek 633 633 715 700 
z5 616 613 693 690 
sa 1,250 1,247 1,408 1,390 
ios 5,214 5,210 5,313 5,266 


Data may not add to totals shown because of independent rounding. 


3Includes Puerto Rico and the Virgin Islands. 


Byproduet Sulfuric Acid.—Sulfur con- 
tained in byproduct sulfuric acid produced 
at copper, lead, molybdenum, and zinc 
roasters and smelters amounted to 8% of 
the total domestic production of sulfur in all 
forms. Production was essentially the same 
as that of 1984 despite the closure of three 
copper, one lead, and one zinc smelter 


during 1985. A copper smelter in Washing- 
ton and another in Arizona were closed 
permanently because the cost for installa- 
tion of pollution control systems, required 
by Federal law, had rendered the facilities 
uneconomic in terms of existing and pro- 
jected copper prices. Ten acid plants oper- 
ated in conjunction with copper smelters, 


930 


and 11 were accessories to lead, molybde- 
num, and zinc smelting and roasting oper- 
ations. The five largest acid plants account- 
ed for 67% of the output, and production in 
five States was 84% of the total. The five 
largest producers of byproduct sulfuric acid 
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were ASARCO Incorporated, Inspiration 
Consolidated Copper Co., Kennecott, Mag- 
ma Copper Co., and Phelps Dodge Corp. 
These companies’ 18 plants produced 81% 
of the total. 


Table 7.—Byproduct sulfuric acid' produced in the United States 
(Thousand metric tons, sulfur content, and thousand dollars) 


and 
Copper Zinc molyb- 
Year plants? plants? denum Total Value 

plants? 
öĩÜ ᷣ ͤͤ 8 848 179 132 1,159 15.651 
1982 no wt re tes mu celsa Lo dcc 615 112 101 828 63,674 
1983 E ec ee ere oe uber Wu BA A 601 126 104 831 54.995 
J.. 8 736 145 81 962 59,098 
1985 729 141 87 957 56.299 


— ———— — — o wem o o o — ee —2— ege 


Includes acid from foreign materials. 
*Excludes acid made from pyrites concentrates. 
*Excludes acid made from native sulfur. 


Pyrites, Hydrogen Sulfide, and Sulfur 
Dioxide.—Contained sulfur in these prod- 
ucts represented 3% of the total domestic 
production of sulfur in all forms. The total 
sulfur contained in these products was 16% 
greater than that of 1984. The three largest 


producers were Shell Oil Co., Stauffer 
Chemical Co., and Tennessee Chemical Co. 
These three companies’ mines and plants 
accounted for 98% of the total contained 
sulfur in the form of these products. 


Table 8.—Pyrites, hydrogen sulfide, and 
sulfur dioxide sold or used in the 
United States 


(Thousand metric tons, sulfur content, 
and thousand dollars) 


1981 _ 307 
1982 265 
1983 _ W 
1984 _ W 
1985 _ Ww 


28 
32 
W 
W 
W 


. Hydrogen 
Year Pyrites Zulte 


Sulfur 

dioxi Total Value 
44 879 64,961 
48 345 58,503 
50 802 1,260 
45 283 62,594 
48 328 67,638 


W Withheld to avoid disclosing company proprietary 


data; included in Total. 
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Figure 2.—Trends in the production of sulfur in the United States. 


CONSUMPTION AND USES 


Sulfur is a relatively unusual mineral 
commodity because most of it is converted 
to a chemical intermediate, sulfuric acid, 
for use in a myriad of chemical processes. 
Usually, the sulfur values do not become 
constituents of the final chemical product 
but are retained either in a byproduct or as 
wastes requiring disposal in an environ- 
mentally acceptable manner. In 1985, sul- 
furic acid retained its position, both domes- 
tically and worldwide, as the most univer- 
sally used mineral acid and the largest 
volume inorganic chemical in terms of the 
quantity produced and consumed annually. 


Apparent domestic consumption of sulfur 
in all forms decreased from that of 1984. 
Eighty-three percent of the sulfur con- 
sumed was obtained from domestic sources 
compared with 80% in 1984. The sources of 
supply in 1985 were domestic recovered 
elemental sulfur, 41%; domestic Frasch sul- 
fur, 31%; and combined domestic byproduct 
sulfuric acid, pyrites, hydrogen sulfide, and 
sulfur dioxide, 119v. The remaining 1796 
was supplied by imports of Frasch and 
recovered elemental sulfur. 

The Bureau of Mines collected end-use 
data on sulfur and sulfuric acid according to 
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the Standard Industrial Classification of 
industrial activities. Shipments by end use 
of elemental sulfur were reported by 58 
companies, and shipments of sulfuric acid 
were reported by 57 companies. Eleven 
companies reported shipments of both ele- 
mental sulfur and sulfuric acid. 

The largest sulfur end use, sulfuric acid, 
represented 82% of shipments for domestic 
consumption. Some identified end uses were 
tabulated in the “Unidentified” category 
because these data were proprietary. Data 
collected from companies that did not iden- 
tify shipments by end use were also tabulat- 
ed as “Unidentified.” Although supporting 
data are unavailable, it could be reasonably 
assumed that a significant portion of the 
sulfur in the "Unidentified" category could 
have been shipped to sulfuric acid produc- 
ers or exported. The difference between 
exports reported in the Bureau canvass and 
exports of 1,365,000 tons reported by the 
Bureau of the Census may have been caused 
by differences in accounting between com- 
pany records and compilations of the Cen- 
sus Bureau, or by sales to other parties that 
exported sulfur and were not included in 
the Bureau of Mines canvass. 

Shipments of 100% sulfuric acid declined 
slightly because production of phosphatic 
fertilizers, the largest single end use of 
sulfuric acid, decreased. Most of the falloff 
in demand, which occurred during the final 
4 months, was a direct result of decreased 
fertilizer sales to domestic farmers while 
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the U.S. Congress was debating the Food 
Security Act of 1985. Shipments of sulfuric 
acid for petroleum refining and other petro- 
leum and coal products, the second largest 
end use, increased slightly. Usage of sulfu- 
ric acid for copper ore leaching was over 1 
million tons for the second consecutive year, 
significantly higher than in 1982 and 1983, 
because of U.S. copper producers' attempts 
to lower their costs of production. Copper 
from leaching was considerably less expen- 
sive than copper from conventional smelt- 


ing. 

According to the 1985 canvass reporta, 
company receipts of spent or contaminated 
sulfuric acid for reclaiming totaled 3 million 
tons. The largest source of this spent acid 
continued to be the petroleum refining in- 
dustry, which accounted for 51% of the 
total returned. The petroleum refining in- 
dustry was a net user of 700,000 tons of 
sulfuric acid. About 750,000 tons of spent 
acid was reclaimed from plastic and syn- 
thetic materials operations. The remaining 
reclaimed acid was returned from manufac- 
turers of soaps and detergents, steel, indus- 
trial organic chemicals, other chemical 
products, storage batteries, synthetic rub- 
ber, agricultural chemicals, and some uni- 
dentified sources. 

The largest use of sulfur in all forms, for 
agricultural purposes, decreased to nearly 
8.6 million tons. Industrial use was also 
lower. 


Table 9.—Apparent consumption of sulfur! in the United States 


(Thousand metric tons) 
1981 1982 1983 1984 1985 
Frasch: 
Shipments . 2 colocan. we Ec 5,910 3,598 4111 5,001 4.678 
JC m en kr. ee eU LR 856 690 604 122 7 
E ĩÄ2 ᷣͤ Ku K e oe EISE 1.216 731 601 1911 986 
Total- — ———— á——— € 5,560 3,557 4,114 74,812 4,416 
Recovered: 
Shipment 4,207 4,344 5,041 5.210 5.266 
7j! cr c ct EE EE 1,666 1,215 1,091 1,835 1.330 
EE EE 176 230 391 423 379 
Total- nine etu cu e ie 5,697 5,329 5,741 76,622 6.287 
Pyrites, shipmen22?22s „ 307 265 W W W 
By product sulfuric acid, ship mens 1.159 828 831 962 957 
Other forms, shipment? 72 80 302 283 32s 
Total, all form „ 12,785 10,059 10.988 12,679 11,968 


"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other forms, shipments.” 


1Crude sulfur or sulfur content. 
*Includes Puerto Rico and the Virgin Islands. 


*Includes consumption of hydrogen sulfide, liquid sulfur dioxide, and data indicated by symbol W. 
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Table 10.—Elemental sulfur sold or used in the United States, by end use 


(Thousand metric tons) 
Quantity 
= ee 1984 1885 
Food and kindred products _ _ - - - -- --- ------------------——- W W 
26, 261 Pulp and paper products __----------------------------- 29 21 
„ thetic rubber, cellulosic fibers,’ other plastic produetg Sec Es 
28, 2816, 285,286 Paint and allied products inorganic pigments industrial organic 
al products 1. ss sou ze eec ee eS 127 105 
284 Soaps and detergents _- _-._--------------------------- 14 31 
29, 291 Petroleum refining and petroleum and coal produet „4 278 189 
281 Other industrial inorganic chemical 285 222 
80 Rubber and miscellaneous plastic products ____._-__.._.-.--.--.- wW W 
Sulfuric acid: 
Domestic sulfur `... 44444 ͤö.E⸗„ͤ «„ 6,909 6,880 
Imported sulfur uus mm me oho Emma mer neta sce 2,425 2,052 
Total ie os ee cud be manducet 9,334 8,932 
(RI TT WEE 34 7 
Total domestic uses... ------------------------—- 11,846 10,843 
FE es ene oa mates eu E E eae a 1,289 1,112 
Grand total 2.2 coro mu duse Aene ues mea. i 12,635 11,955 
W Withheld to avoid disclosing company proprietary data; included with "Unidentified." 
! Includes cellulosic fibers in 1984. 
Includes inorganic pigments in 1985. 


Table 11.—Sulfuric acid sold or used in the United States, by end use 


(Thousand metric tons of 100% H. 80.) 
Quantity 
Si End use 
S 1984 1985 

102 Copper ores _ ~ ⁰˙ - - -~ d ͥ¶ ¶ ³... eee 8 1,043 1,018 

1094 Uranium and vanadium oreetss-— A 1 
10 0 ↄ !.. sk ee ee cr ene oe arte 194 54 
261 Pulpmill eegene y cu ia 700 705 
26 Other paper products _ - - - - -- «„ 114 89 
285, 2816 Inorganic pigments ano paints and allied products `- --—-------------- 332 331 
281 Other inorganic chemicals 1,160 834 
282, 2822 Ata yr rubber and other plastic materials and synthetics. ____________ 959 142 
oe llulosic fibers including rayhahnnunungcg!!n tk „„ 193 152 

„„ d ch AE mcm act 4 
284 Soaps and B a ee as ³ el esci ie, 254 272 
286 Industrial ic chemicali o e om ⁰ ͤu—• q ee Sake ea 938 1,010 
2878 Ni ous fertilireeeeeL»ssssss _ et 261 191 
2874 Phosp fertilizers EE 26,373 24,082 
2819 La ET TEE 74 
287 Other agricultural chemicals ee 47 64 
2892 FX3plol Vl eer ee Be ee E See 118 94 
2899 Water-treating compounds... ---------------------—----—-——— 213 291 
28 chemical G ³ĩ¹r5i¹wwr ggf . 405 151 
29, 291 Petroleum and other petroleum and coal produetiee 2,067 2,215 
30 Rubber and aneous plastic products _____...___.___.-_____- W 11 
331 Steel gegen EE EE 270 212 
333 Nonferrous metals 50 56 
3601 8 ee 127 206 
J y ĩ d y ß eget 

Unidentified ot i ⁵ ò¹ðͥ . ]] ⁰mt y 8 1.584 1.613 
Total domestic „ 87 BM 84,719 
Grand ttal... oS ose eee ek eee cL 8 37,895 34,788 


W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” 
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Table 12.—Sulfur and sulfuric acid sold or used in the United States, by end use 
(Thousand metric tons, sulfur content) 


Elemental Suture soa 
(sulfur Total 
SIC End use sulfur’ ror ali 
1984 1985 1984 1985 1984 1985 
102 . AA A == ie 341 333 341 333 
1094 Uranium and vanadium ores e a A E 53 20 93 20 
10 POC Aoa. I cis oe arta delen A A X 63 18 63 18 
20 Food and kindred products ee W W >r -d wW "A 
26, 261 Pulpmills and paper products SE we 29 27 266 259 295 286 
28, 285, 286, Inorganic pigments, paints and allied 
2816 products, industrial organic chemicals, 
other chemical products... ~~ 2127 105 109 109 236 214 
281 Other inorganic chemicals 285 222 379 273 664 495 
282, 2822 Synthetic rubber and other Ss 
materials and synthetics_ ________ 365 25 314 243 3379 268 
2823 Cellulosic fibers, = Ian. ico. (*) = 51 42 51 42 
283 UNI eas EEN ovo Sse Ure ae A 24 17 24 D 
284 Soaps and detergents 1 = ots, PEE" 14 31 83 89 97 120 
286 Industrial organic chemicals_ _ _ .. _ _ _ - Ei 307 330 307 330 
2813 Nitrogenous fertilizers Me - Se 85 62 85 62 
2814 Phosphaticfertilizers. - - - -- ------ é e 8,621 7,812 8,621 1,812 
2819 TTT > — 23 24 23 24 
287 Other agricultural chemicals 480 579 15 21 495 600 
2892 Explosives S =~ x 39 31 39 31 
2899 Water-treating compounds SC ee 70 95 70 95 
28 Other chemical products i = Sie 132 49 132 49 
29, 291 Petroleum refining and other petroleum 
and coal products . 218 189 616 724 954 913 
30 Rubber and miscellaneous plastic products W W W 4 W 4 
331 noL elder Roe ee RES = z 88 69 88 69 
333 Nonferrous metals... = ve 16 18 16 18 
33 Other primary metals Pë e 37 53 37 53 
3691 Storage batteries (acid d e 58 67 58 67 
Exported sulfuric acid Ze 20 23 20 23 
Total identified _____._._..-.-- 1,278 1,178 11,870 10,845 18,148 12,023 
Unidentified |... 734 733 518 527 1,252 1.260 
Grand total _______..-_----- 2,012 1,911 12,388 11,872 14,400 13,283 


W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” 
Does not include elemental sulfur used for production of sulfuric acid. 

*No elemental sulfur used in inorganic pigments. 

*Includes elemental sulfur used in cellulosic fibers. 

“Included with Synthetic rubber and other plastic materials and synthetics.” 
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Figure 3.— Trends in the consumption of sulfur in the United States. 
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Figure 4.—Sulfur-sulfuric acid supply and end-use relationship in 1985. 


STOCKS 


An increase in inventories held by Frasch 
producers occurred primarily during the 
last quarter of the year when sulfur de- 
mand by the fertilizer industry decreased. 
Combined yearend stocks amounted to 


approximately a 3-1/2-month supply com- 
pared with a 2-1/2-month supply in 1984, 
based on domestic and export demands for 
Frasch and recovered sulfur. 


Table 13.—Yearend sulfur stocks of U.S. 


producers 
(Thousand metric tons) 
Year Frasch Recovered Total 
„ onc 73.354 192 3,546 
1982 _.__--.---- 7,980 238 74.218 
1983 `.. -------- 73.070 153 73,223 
1984 T2 264 155 T2419 
19888872 2.598 201 2.799 
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The posted price for liquid sulfur, exter- 
minal Tampa, FL, was unchanged during 
1985 at $157.50 per long ton; price discounts, 
which had begun in 1983 for large-volume 
customers, of $10 per long ton remained in 
effect. Spot prices for sulfur, f.o.b. Vancou- 
ver, British Columbia, Canada, were $140 to 
$152 per metric ton during the first half of 
the year but decreased slowly to the Van- 
couver contract price of $135 per metric ton 
by yearend. 

On the basis of total shipments and value 
reported to the Bureau of Mines, the aver- 


coast, somewhat higher in the midconti- 
nent, and near the values for Frasch sulfur 
in the East and South. Although reported 
values for recovered elemental sulfur were 
generally higher throughout the Nation, 
the disproportionately low value for Wyo- 
ming distorts the average value calculation 
for all recovered elemental shipments. 


Table 14.—Reported sales values of 
shipments of sulfur, f.o.b. mine or plant 


Il i 

age value of shipments of Frasch sulfur, F 
f.o.b. mine, for domestic consumption and Year Frasch Recovered Average 
exports combined increased. The average 
value, f.o.b. plant, for shipments of recov- 1885 55 1297 SE 109587 
ered elemental sulfur varied widely by geo- 1983 ----------- 100.76 76.22 87.24 

S ; : 1984—————— 109. 80.02 94.31 
graphic region as follows: lowest in the 198˙1o2rb  .. 122.62 11 106.46 
Rocky Mountain States, higher on the west 

FOREIGN TRADE 


Exports of elemental sulfur from the 
United States, including the Virgin Islands, 
were about the same as those of 1984 in 
quantity but increased 21% in value. Ac- 
cording to the Bureau of the Census, ex- 
ports from the west coast increased by 
nearly 70,000 tons in 1985 to 318,000 tons, or 
23% of total U.S. exports. 

The United States continued to be a net 
sulfur importer with imports exceeding ex- 
ports by over 700,000 tons. Frasch sulfur 
from Mexico and recovered elemental sul- 
fur from Canada, both delivered to U.S. 
terminals and consumers in the liquid 


phase, continued to furnish nearly all U.S. 
sulfur import requirements. Total ele- 
mental sulfur imports decreased 18% in 
quantity; the average value for the imports, 
however, increased substantially so that the 
total value of imports was essentially 
unchanged from that of 1984. 

The United States also had significant 
trade in sulfuric acid. Sulfuric acid exports 
increased slightly in terms of quantity, but 
total value was essentially unchanged from 
that of 1984. Imports were mostly from 
Canada; the quantity increased slightly, 
while the value was lower than in 1984. 


Table 15.—U.S. exports! of elemental sulfur, by country 
(Thousand metric tons and thousand dollars) 


Country 


CVVT. ³·Ü¹üiſ ⁰˙¹ ⁰•-m 


— mm rz mm — — rm em mp mn mm s — mm zm vm — mm fe re mm mm — — em o 


Neueste M ee ee Se HU ee eee 
Nether landes 


See footnotes at end of table. 


1984 1985 

Quantity Value Quantity Value 

at Na a Tues 1 512 31 3,216 
F 397 46.983 394 48,678 
5 205 23,903 173 26,617 
33 2 124 5 270 
3 3 532 8 1,236 
3 à 263 17 2,591 
3 132 17.535 28 4,693 
XE dn 20 1,913 26 8.577 
5 127 14.334 76 11.130 
5 18 2.278 NI 1 
S zm SC 37 4,994 
EE 16 1,470 22 3,128 
DENS 54 2,955 97 9,799 
F 162 21.973 220 85,074 
me NE EE 13 1,399 6 772 
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Table 15.—U.S. exports! of elemental sulfur, by country —Continued 
(Thousand metric tons and thousand dollars) 


bini 1984 1985 
iod Quantity Value Quantity Value 
PHillOpine@s 2 Lon [TT 8 5 588 11 1,594 
Kemmer 21 2,400 24 2,658 
Senegal PP ee ZA ĩ aa 11 909 er pee 
f d p ote ON E à 10 15 2.288 
TAIWAN Lo n . um EE 43 4,566 23 
Tüūñisia EE 40 1,918 83 11,856 
EE SR 42°33 
. ů , ege 
ne ³ðVi y 1 179 14 
/// EH 1 1.963 15 1.944 
ß 115 13,996 14 4,104 
Tota c0 ie E Bo es 1,884 155.067 1,365 189,248 


TRevised. 

Includes exports from the Virgin Islands. 

3Lees than 1/2 unit. 

Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


Table 16.—U.S. exports of sulfuric acid (100% H;SO.), by country 


1984 1985 
Country pred Value pov Value 
e - . (thoo- 
(metric (metric 
tons) de) tons) And 
|: Fa © 2) AOR oci le uec TT 26,831 $1,012 28,397 
CAnBdR. — Em mua che e een ty 33,798 1,510 15,258 708 
1 c ui ” ʃ—rwtrt ⅛˙’]· ⅛ ᷣͤ K ĩͤ ns dc 10.355 343 4,099 177 
Dominican Republic ____.._____-.-------------~-----+--. 2,966 299 2,129 22 
Ecuador nn dl ecu t ↄðQAſſõͥͤt 8 6,198 830 2,083 97 
Erünce Eeer Eelere ee 1,424 50 242 11 
%%%). my . oe 1.539 224 2 4 
J T. DTE EEE EEE A AEEA /ĩ ᷣ EE E T NE 1,665 114 172 17 
Korea, Republic of --------------------- -mMM 399 1,388 716 
7 SELON TEC Roel ie ease earn ee ee 6,815 293 16,699 742 
Netherlansgggsssggagaa —-ö 4 2 
Netherlands Antilles —— - --—-------------------—--—---—— 6,295 331 4,357 213 
Panamā. 03240 Ent Se ee ge eebe 2, 126 2,368 121 
„, e icr . Oe 1.239 252 659 2 
Si...... gs eo Se ee Ge es " 8,198 300 
Trinidad and Tobago ~ ________-...--.~_ „ 2,379 136 1,561 65 
C ⁵ ]? é ˙d( 8 6,182 308 31,960 1,367 
Other rea ee ee Se heen es Crepe eee eis ae ett 8,441 1,042 5,146 863 
yp T Tr 119,317 6,773 125,320 126.645 
1Excludes 900 tons valued at $3,662,856 to Morocco not believed to be sulfuric acid. 
Data do not add to total shown because of independent rounding. 
Source: Bureau of the Census. 
Table 17.—U.S. imports of elemental sulfur, by country 
(Thousand metric tons and thousand dollars) 
1984 1985 
Country — ʒ—I’ͤ ĩ —— 
Quantity Value! Quantity Value! 
Cañada- ucc iu od ⁰ 1] A sca 1.812 117.776 1.354 110,231 
Mexico an EE 122 19,156 724 85,7 78 
// ²˙ mora su ee ME ee Sh ĩ 22 2.531 24 2,972 
))õͤõĩõĩõĩ[ ⁵«⁵ ² :: LK os ee 1 126 2 259 
77//õͤĩĩ ³Ü—¹Ü¾i ge Sp as a NER 2,557 200,189 2.104 199.240 


!Declared customs valuation. 
*Includes Belgium, China, the Federal Republic of Germany, Italy, PAPA. and Netherlands Antilles in 1984 and China. 
the Federal Republic of Germany, Italy, Japan, New Caledonia, and the United Kingdom in 1985. 


Source: Bureau of the Census. 
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Table 18.—U.S. imports of sulfuric acid (100% H,SO,), by country 


1984 1985 
Country tity Value! antity Value! 
metric (thou- metric (thou- 
tons) sands) tons) sands) 
e occ edu e E zi Get 38 $46 
JJ) ³¹¹ ͤ ͤ K 856,484 $15,175 426,909 17,871 
France. cc hie ote ĩð . se as 2 23 28 
Germany, Federal Republic o 13,672 929 46 30 
Mexico uen oor EE EE EE 15,105 184 Sm as 
Netherlands... 222222222 llc 2222 eee zn EN 4.475 429 
Norway o cru n ⁰ꝛx LE LL eet 6,464 568 ee Soe 
Spain cc 2l Ec uid ð .. ee ee 18,468 1,323 9,560 611 
Switzerland `... 15,513 595 MOT EA 
G ER ĩͤ TP FPE CUTEM S Fg T16 4 23 
Total; ekle aes lei ee CER 425,709 319,391 441,055 19,088 
"Revised. 
IDeclared c.i.f. valuation. 
Less than 1/2 unit. 
Data do not add to total shown because of independent rounding. 
Source: Bureau of the Census. 
WORLD REVIEW 


World production increased for the sec- 
ond consecutive year as recovery continued 
from the depressed levels of 1982 and 1983. 
Elemental sulfur production increased by 
nearly 2 million tons, and sulfur production 
in all forms approached the record-high 
level of 1980. Nevertheless, continued world 
sulfur demand in excess of production in 
1985 required stock withdrawals of nearly 2 
million tons, which was substantially less 
than had been required during each of the 
previous 2 years. 

International trade in elemental sulfur 
decreased by more than 1 million tons to 
about 16 million tons. Canada continued as 
the world's leading exporter, followed, in 
descending order of quantity, by Poland, the 
United States, Saudi Arabia, Mexico, the 
Federal Republic of Germany, and France. 
The United States was again the leading 
importer. Other nations that imported sig- 
nificant quantities of sulfur, in decreas- 
ing order of quantity, were Morocco, the 
U.S.S.R., Brazil, India, the United Kingdom, 
and Tunisia. 

International sulfur prices remained high 
for most of the year with a moderate in- 
crease in price for contract tonnage insti- 
tuted at midyear. Spot prices, which were 
about $150 per ton, f.o.b. Vancouver, British 
Columbia, Canada, and Persian Gulf ports 
for much of the year, declined in the final 4 
months to approach the contract price of 
$135 to $140 per ton. The spot-price decline 
was attributed to a weakening of demand 
and the decision by buyers for India to 


reduce reliance on spot sales and enter into 
long-term contracts with several major sul- 
fur suppliers. 

Canada.—Shipments of sulfur in all 
forms were about 8.66 million tons, or 1.9 
million tons greater than output, but 796 
less than 1984 shipments. Exports decreas- 
ed slightly to 7.54 million tons. Although 
exports through the Port of Vancouver, 
British Columbia, increased to a record- 
high volume of 6.14 million tons, exports to 
the United States fell about 500,000 tons to 
1.35 million tons. Canadian sulfur stocks in 
block located in Alberta Province and 
awaiting shipment at Vancouver declined 
to less than 10 million tons. Canadian block 
inventory, which had exceeded 21 million 
tons in 1978, had for many years been 
regarded by the industry as a buffer to 
accommodate changes in world demand and 
to provide a reasonably stable price envi- 
ronment. The fall in stocks through the 10- 
million-ton level signaled the world sulfur 
industry that this huge inventory was tran- 
sitory and that a search for new economic 
sources of elemental sulfur should be under- 
taken. 

Iran.—Sulfur production remained sub- 
stantially less than capacity because of the 
ongoing war with neighboring Iraq. Some 
sulfur exports were transferred overland to 
a port east of the Strait of Hormuz that was 
beyond Iraqi aircraft range. 

Iraq.—Sulfur exports continued to be 
routed overland through neighboring coun- 
tries because safe passage could not be 


940 


assured for Iraqi material in the Persian 
Gulf. Production remained relatively 
unchanged and well below capacity at natu- 
ral gas plants and the Mishraq Frasch 
mine. 

Mexico.—Increased Frasch sulfur output 
reflected efforts to bring the Patapa Mine 
up to its design capacity of 350,000 tons per 
year. Production also increased at Coachapa 
in the Salinas Basin. Engineering work to 
supply air, steam, and hot water to the 
Otapan deposit was well under way. Sulfur 
production from Otapan was planned to 
begin in 1986. Mexican sulfur exports con- 
tinued to decline because of growing domee- 
tic demand. Solid sulfur was imported from 
Canada and the United States because of 
difficulties in transporting sulfur to the 
Lázaro Cárdenas fertilizer facility on the 
Pacific coast from the mining areas near 
the gulf coast. 

Poland.—Frasch sulfur production de- 
clined because of severe winter weather, 
and in February, a force majeure declared 
that contract tonnages would be decreased 
by 896 during 1985. Sulfur exports decreas- 
ed nearly 200,000 tons to 3.9 million tons. Of 
this, 1.9 million tons was exported to East- 
ern Europe, and 1.1 million tons, to Western 
Europe; most of the remainder was shipped 
to Brazil, Morocco, and Tunisia. 

Saudi Arabia.—Sulfur production in- 
creased despite the low level of petroleum 
production because of increased output of 
nonassociated gas. Production of sulfur ex- 
cess to exports and internal consumption 
caused stocks to increase by nearly 200,000 
tons. Sulfur exports declined nearly 600,000 
tons to slightly over 900,000 tons. 

The Fletcher-process prilling plant was 
operated by the Saudi Sulfur Co. adjacent to 
the Berri natural gas plant. In December, 
the General Petroleum and Mineral Organ- 
ization, a Government agency and owner 
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of the nation's sulfur facilities, contracted 
with Saudi Sulfur's parent company, Devco 
International of the United States, to build 
a new three-unit Fletcher-process prilling 
plant at Jubail to replace the plant destroy- 
ed by fire in 1984. Plans were for Saudi 
Sulfur to continue operating the plant at 
Berri until the new facility was completed. 

U.S.S.R.—In April, a French consortium 
led by Lurgi S.A. won a $135 million con- 
tract to supply the process plant of the 
Tengiz oil and gas project in Kazakhstan 
northeast of the Aral Sea. Tengiz associated 
gas contains about 16% H.S and 5% carbon 
dioxide. The plant was designed to process 
the 1.5-billion-cubic-meter-per-day gas out- 
put and recover 1,600 tons per day of sulfur 
along with ethane, butane, and other 
condensates. In June, the Tengiz Field's 
development was complicated by a major 
blowout and fire. The fiery plume, about 200 
meters high, was reportedly visible 90 miles 
away. Extinguishing the fire was compli- 
cated by the high H,S concentration of the 
associated gas and the 12,000-pound-per- 
square-inch formation pressure. The fire 
was reportedly still burning at yearend. 

Technip of France was awarded a con- 
tract to install the second stage of the 
Astrakhan gas-processing complex in the 
Volga River Delta north of the Caspian Sea. 
Astrakhan II was designed to process up to 
6.9 billion cubic meters per year of gas in 
four trains and to recover 2.7 million tons 
per year of sulfur from the gas, which 
contained about 16% H,S. These design 
capacities were similar to those of stage 1. 
Contracts for stage 1 had been awarded in 
1983 to Creusot-Loire Entreprise of France 
and Mannesmann AG of the Federal Repub- 
lic of Germany.‘ The two-phase complex 
was planned to be the largest sulfur- 
producing facility in the world. 
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Table 19.—Sulfur: World production in all forms, by country and source’ 


(Thousand metric tons) 
Country? and source? 1981 1982 1983 1984P 
Algeria: Byproduct, petroleum and natural gas? |... 15 10 15 20 
. 
ative (from caliche) nn 10 oe a ($) 
Byproduct, all our ee „„ NA = BS ($) 
r ³ AAA 10 ET "E: (9 
Australia: 
Byproduct: 
Metallurgy --- ------------------------- 7142 146 170 190 
Petroleum c eet ee 14 17 13 13 
Total! 2n ee 7156 "163 183 203 
Austria: 
Byproduct: 
Metallurgy ]⁵˙ “. ĩð2⸗ ee ee edt 9 10 9 10 
Petroleum and natural gas 28 38 32 28 
7777 cd ⁰⁰⁰ ee ees 25 27 26 26 
Total EE 62 75 67 64 
Bahamas: Byproduct, petroleumn „„ 5 5 5 rg 
Bahrain: Byproduct, petroleum -------------------- *36 34 49 *50 
Belgium: Byproduct, all sources 44„4„ 210 210 250 240 
Bolivia: Native __---------------------------- 10 6 3 2 
Brazil: 
e EE SÉ P 1 1 
F ĩð—⅛wn v k ke ee 44 54 55 *55 
Byproduct: 
Metallu ggg 17 30 150 150 
Petroleum. ³˙ümiAAA ⁰³⁰ vy a I 102 100 110 110 
Total ounce Luces 8 163 184 316 *316 
Bulgaria: 
J ³ÜAiA ee 7300 1300 1300 1300 
Byproduct, all sources „„ 70 70 70 70 
S necu n ³Vwmꝛꝛ ⁊ r370 1970 1370 1370 
Canada: 
„ P e EunU i e bau 10 rg Tg "10 
Byproduct: 
Melt 78³ 627 678 875 
Natural gas_ - ------------------------—- 5,599 5,226 5,390 5,260 
Petroleum? T 160 160 170 165 
C!!! 247 259 330 296 
Total e cee ee —T—T—Z—ZFT ae 6,799 6,280 6,577 6,606 
Chile: 
Native: 
EJ a he 5 7 16 14 
From caliche . — s lulu ceu eu eu 110 98 83 40 
Byproduct, metallurgy - - - - - - -- - ---------------— 28 32 32 32 
Total, Soo ] md ees 143 137 131 86 
China:“ 
je cna TM ů ů́ ³u¹ßjik ]⅛ð⁊i7p ee 200 200 2 
ö. ĩ«?ꝰ́ ] y Mee 1,800 1,800 2,300 2,100 
Byproduct, all sources ___ ee 300 300 350 350 
Total o£ cuu ³˙ AAA bee Seat 2,300 2.300 2,850 2,650 
Colombia: 
Ct ꝛ²-! y LM E es 26 33 31 36 
Byproduct, petroleum 4 2 2 3 *3 
Total oe oe d nose ĩ7¾² a t s 28 35 34 39 
Cuba: 
LU S22 oc oe y) 14 20 "5 ($) 
Byproduct, petroleuuoↄomnnnꝛ „ 8 8 8 8 
zz p eet El LAE 22 28 "13 d: 
Cyprus: Pyrite : ꝛ ꝛ ꝛ 9 26 21 20 


See footnotes at end of table. 
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Table 19.—Sulfur: World production in all forms, by country and source’ —Continued 


(Thousand metric tons) 


Country? and source? 
Czechoslovakia:? 
N t sree hu ur aa ase e 
Portes cs n o LL ðͤ y ͤ ⁰⁰yſ v c EE 
By product f ⁰ 


Byproduct: 


Natural gas- ` 
Petroleum 


France: 
Byproduct: 


Natural gass 


— ——— —— mm mn mm — 


By product: 


Natural gas 
Petroleum 


Metallurgy? /') 


Total «oen 


NMI Du ye ie oe a DUET oes Se 


See footnotes at end of table. 


em — æ ie ia — mn —— — — em 


— ee em mm mm ep — — —— — 


— — — wm i pm mm ren mm om wem ve vm e mm vm 


- em e e em emm — mm — — — mmm 


— me vm zm vn — mm mm zem vm o e — wm 


- zm — e mm mm ms e rm e emm em mm mm eS a 


— — — o — — wm wm mm mm — o mm mm 


— — o ge o mm men mm —— zg em vm 


— = mm = — — mm pn o — mmm — — 


— ä em wm — — mm wem em em 


— æ m zem, — e em ei zm zem — zem zm 


— mm — — — — —— mm wm — — vm — 


— mm eae ——— — 


— — — mm mm vm c — me vn zm o mm — 


em mm — — — — — — — zs 


— — — — mm mm mm "em —— me mm vn me ze 


-— em m vm em — —— wm wm wm em em 


- — mm "mm mm — mm mm em zc zm mm mm ms 


- æ — — mm o — mm zen — — o 


— ——— —— — mm ms e e 


1981 1982 1983 1984P 1985* 
5 5 5 5 6 

60 60 60 60 62 
10 10 10 10 12 
15 75 75 75 80 

6 T r e9 11 7 
2 5 5 4 
5 5 5 5 5 
5 5 5 5 5 

12 15 15 15 14 
2 2 1 Ki 2 
184 177 224 211 210 
1268 270 264 265 260 
45 40 48 45 45 
7497 7487 536 521 515 


10 m T EE EN 
350 360 360 350 330 
360 360 360 350 330 
213 229 zug — es 
400 400 400 350 J 
834 872 632 r *900 1,000 
190 220 195 190 200 

95 100 95 90 89 


1,732 1,821 1,322 


T6 55 67 T8 78 
4 97 115 120 120 
7 8 5 *5 5 

87 160 r *187 r e203 203 
8 3 3 2 2 
9 9 9 9 9 
12 12 12 11 11 

23 22 25 18 25 

92 100 110 115 120 
4 9 4 *5 5 

119 127 139 "138 145 
l 1 3 6 5 

50 10 20 30 30 
6 10 25 30 18e 

20 45 60 210 


we 


VY 


X mon X iu 


NN 
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Table 19.—Sulfur: World production in all forms, by country and source! —Continued 
(Thousand metric tons) 
Country? and source? 1981 1982 1983 1984P 1985* 
Iraq: 
ef rasch 22 EL UAM UL Er M te ee ur die. 5200 300 300 500 500 
Byproduct, petroleum and natural gasse 540 40 40 70 70 
Total. si ete ape nue i EE EC 5240 340 340 570 570 
Ireland: Pyrites® _~_________________-__--_-_- lr 11 16 (4) (4) M 
Israel: Byproduct, petroleum and natural gas 10 10 10 10 10 
tay 
J//77%ͤ» !!!...... 4 8 20 10 9 8 wl 
7 mr x ELLE 261 269 271 192 5280 
Byproduct, all source?) 230 210 210 200 200 
Total" 6 oes est AA i es 511 489 1490 F400 481 
Japan: 
PY ue E etn Brie mr 8 293 276 272 259 5253 
uct: 
Metallurgy gz 1,236 1,268 1,239 1,191 1,192 
Pele. Rx E ERE 1,080 1,051 1,102 1,142 1,065 
Total. Louie ꝛ 0k dy 8 2.609 2.595 2.613 2.592 2.510 
Korea, North:* 
ü ³Ü¹ yk y ʒ RU 22⁵ 200 200 200 200 
Byproduct, metallurgy gu- 30 30 30 30 30 
Total Ee ee 255 230 230 230 230 
Korea, Republic of: 
NOB es be eae cR ds ex. (19) (19) NA 
Byproduct:ꝰ 
Metallurgy one mule eee ee eru 54 54 54 54 55 
Petroleum. occa m Boe 36 36 36 36 35 
f! ͤ 90 90 90 90 90 
Kuwait: Byproduct, petroleum and natural gas - ---------- 97 141 145 151 5198 
Libya: Byproduct, petroleum and natural ga? 16 20 20 20 16 
Mexico 
Lä Ti BEEN 1,652 1,391 1,225 1,364 1,555 
Byproduct: 
Metallurgy? `. 100 100 100 "160 160 
Petroleum and natural ga 426 425 377 461 5475 
Total! 22-5 om i ee ee 2,178 1,916 1,702 11,985 2,190 
Morocco: Dj s Len ⅛ĩ« v Aou M nt ete ee 22 s M 
Namibia: :::: TC OR S 8 58 81 104 100 
Netherlands:“ 
By product 
Mell; x e SE 90 100 100 90 85 
Piller . 55 65 105 105 95 
„ d tu Lu ecc 145 165 205 195 180 
Netherlands Antilles: Byproduct, petroleum *90 *90 87 63 25 
New Zealand: Byproduct, all sources (10) (20) 1 l l 
Norway: 
LEN ao eee EE eee 218 1213 179 209 210 
Byproduct: 
Metallurgy? _____-_-.___________________- 1987 1783 95 "58 60 
Petroleum- Gate a ee Ka 8 8 8 8 58 
Total p p LA LA d 263 304 282 215 5278 
eee ß EB Sch 11 31 31 
Pakistan: 
Native cu ecc E a ei 8 (20) 1 1 1 1 
By product. all sources s 14 19 26 26 26 
Total. P usc tee he eae 14 20 27 27 27 
Peru 
Native. occu . esse (2°) (19) éd (19) (19) 
Byproduct, all sources „ 20 58 65 70 70 
Total uns eue LO LRL ae 20 58 65 70 70 


See footnotes at end of table. 
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Table 19.—Sulfur: World production in all forms, by country and source! —Continued 
(Thousand metric tons) 
Country? and source? 1981 1982 1983 1984P 1985° 
Philippines: 
writes DE NITE aa ²ĩðVW ³o·¹ (y ³ A a 46 29 35 107 
GER metallurgy - —- - - - -- ----------------- ine aa 57 95 100 
Total -An een 46 30 86 130 207 
Poland:“ !! 
C m ET 4,295 "4,428 74,460 4,500 4,386 
Natives- os i ia ee 8 478 492 500 490 490 
Byproduct: 
Metallurgy’? __________.__________----- 1180 160 1170 7170 170 
Petroleum- - - -- - - ees eee ewes 30 30 30 30 30 
VO uu ß a es 20 20 20 20 20 
Total qp M 75,003 75,130 75,180 75.210 5,096 
Portugal: 
Pyrites oo a uo Oe DL UL LE: *135 116 124 140 145 
Byproduct, all sources _.________-_-.--.--.---- 2 2 5 4 $ 
Total et 137 118 129 144 150 
Qatar: Byproduct, natural gas „„ 6 5 5 83 33 
Romanii 
E ee CPU E E E EA EN ERR 300 200 200 200 200 
B arodu, all sources on --—------------------—- 150 150 150 150 150 
Total eieaa ß 450 350 350 350 350 
Saudi Arabia: Byproduct, petroleum and natural gas 600 900 695 5833 1.100 
Singapore: Byproduct, petroluoem mn (°) 15 4 6 5 
South Africa, Republic of: 
Pyrite o a ere EE 502 465 474 464 $474 
Byproduct:® 
Meteln 8 100 135 125 59] s85 
Pen! eect eee 27 25 32 30 35 
/ cute Ei gei ad ice 629 625 631 585 594 
Spain: 
7% ⁵o˙ A 1.118 1.029 1.073 1,094 51.133 
Byproduct: 
Coal Cite) gasification? LLL LL LLL. 8 8 3 3 2 
Metallurgy ---------------------------- 135 *125 *120 125 115 
Petrol aum 512 10 8 19 9 
„ ie Ba Uer DE Mo Nn 1,268 1,167 1,204 1.231 1.259 
Sweden: 
PY eet UU LEA LLL e 202 204 208 T *230 225 
Byproduct: 
Metallurgy? -------------------------—- t99 1111 7125 1132 130 
Fuer! 8 37 22 20 25 25 
| MM RM" (9 ($) 9 ($) i 
Total p ———— ³·.¹wmwr ⁊ĩð d T338 337 353 387 380 
Switzerland: Byproduct, all sources _._ s 3 3 3 3 3 
Syria: Byproduct, petroleum and natural gasse 6 22 *30 *35 35 
. 
——————Á—— M M— 9) -—- Eu — ak 
Byproduct, all sources ouo uoc Scd cnc 10 20 27 29 543 
Total cun 4 8 10 20 27 29 543 
Trinidad and Tobago: Byproduct, petroleum 44 13 8 Wi 5 
Turkey: 
Natives- EE e EE T29 32 85 41 45 
ZU MIC he w E 29 ^ r2 NI — 
Byproduct, all sources "73 175 75 "78 80 
Total® so eet oe e 1131 109 7112 1119 125 
U.S. S. R.: 
) ͤ˙Ü˙Üe¹dſſ wt ee 800 800 800 800 RSO 
EE 2.000 1.900 1,800 1200 1,700 
UO rs ak eg CC 3,600 3,500 3,400 73,400 3550 


See footnotes at end of table. 
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Table 19.—Sulfur: World production in all forms, by country and source! —Continued 


(Thousand metric tons) 
Country? and source? 1981 
U.SS.R.° —Continued 
Byproduct: 
|. Wee ise Se ee eo er ÀÓ———— (*) 
Metallurgy _.___.__.____. „„ 1425 
Nur k 2.650 
Petroleum. uut 8 7425 
111 h 8 79,900 
United Arab Emirates: Abu Dhabi 
Byproduct: 
Natural gassssssss „ d 
Petroleum... occ meom eee ek 
Total so ð³ ee a i oles ie EE ae 
United Kingdom: 
Byproduct: 
Metallurgy uuu eet 8 55 
Petroleum. ~ ~- oe ð⅛ðͤ en Ae 15 
pent oxides ee ----------------------- 4 
Ke EE 134 
United States: 
FF... ³ 6.348 
77 ĩ ͤ⁊ͤ ͤõſy y ĩ A 8 307 
By product: 
Metallurgy -- -- --------------------=---- 1,159 
Natural gas. 22 2 ee ĩ⁵ðDV/ ͥ⁰ͥ 1,971 
Petroleum. So y 2,288 
Unspecified ] ”˙1¹dE—. -~ - - --- ĩ . 72 
f at yn EE 12,145 
Uruguay: Byproduct, petroleum? __________________- 2 
Venezuela: Byproduct, petroleum and natural gas 85 
Y lavia: 
ites and i pyrrhotite 2322 0 ⁵ 7286 
Byproduct: 
Metallen ; 200 
Fee eee eS 4 
Total? no es sẽn "490 
Zaire: Byproduct, metallurgy’ g 25 
Zambia: 
J HON TORNEO PIENE (19) 
Byproduct, all sources ~- --------------------- 90 
Total cu Deo ð 90 
Zimbabwe: 
Pyrite Seo eo aea crue wether eee 25 
Byproduct, all source 5 
Total Loco ]5»ꝛwñ ß k Re eae, 30 


See footnotes at end of table. 
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Table 19.—Sulfur: World production in all forms, by country and source! —Continued 
(Thousand metric tons) 


— 2 — em sex wm wm wm om vm ce e Au mm m mg e m em wg 


UT 8 B 


sands 241 259 390 
Unspecified ur 71.898 1,985 2,198 218 | 


*Estimated. Preliminary. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary 
data; included with “Byproduct: Unspecified sources.” 
iTable includes data available through June 8, 1986. 
f arena ri pr age ie id limited quantities of either elemental sulfur or 


pra ieee ee Ge ri leum, natural gas, and/or metallurgical operations, but output, if 
any, is not . no basis is is Pallable for the formulation of reliable estimates of output. Countries 
Sita en uat t imay reae iy uct sulfur il refining i i i 


than 
pibe term Soares! reflects boti 771 ende type of raw materia Grafos latod irictude te 


figure. 
SE 
Case ent asa uct ical furnaces, 

et only the elemental sulfur e Byproduct: Uüepecified sources." 

*Includes recovery from gypsum, if any. 

VT ess than 1/2 unit. 

110fficial Polish sources report total Frasch and native mined elemental sulfur output annually, undifferentiated; this 
figure has been divided between Frash and other native sulfur on the besis of information obtained from supplementary 


"'ifFigures for Polish metall sulfur have been revised from 1977-84. Revised figures not included in the 
table ere, in thousand metric tons 1 Ke 1978—225; 1979—210; and 1980—205. 


TECHNOLOGY 


At the international conference Sulphur LA, refinery achieved an 85% increase in 
85, 50 papers were presented on sulfur capacity by virtue of enriching the process 
production, trade, forming, handling, acid air supply to 55% oxygen.‘ 
production systems, new product applica- ———————— 


: 1 tist, Division of Industrial Minerals. 
tions, and/or future sulfur supply and  „Ẹhysical scientist, Division of Industria] I 44, No. 1175, 


demand.* 1985, p. 
Conoco Inc. demonstrated that Claus sul- <The Oil 555 V. 84, No. 5, 1986, p. 29. 
fur recovery units can be economically srp, Steg ae Ltd. of United Kingdom 
expanded by 60% to 100% with the Claus e ot DUI ur—85. An International Conference 
(London ov. 10-18, 1985). 297 


oxygen-based process expansion technology. No. 30,1 8941. 
Two units at the company's Lake Charles, PPP 


Talc and Pyrophyllite 


By Robert L. Virta: 


Total domestic production of talc and 
pyrophyllite combined increased 13% from 
that of 1984, and sales of crude and process- 
ed ore increased slightly. Exports of talc 
decreased 7% in tonnage and 12% in value. 

Domestic Data Coverage.—Domestic pro- 
duction and sales data for talc and pyro- 
phyllite are developed by the Bureau of 
Mines from a voluntary survey of US 


mines and mills. Of the 98 mines and mills 
to which a survey request was sent, 80 
responded, representing 82% of the US 
production data shown in table 1. Produc- 
tion for the nonrespondents was estimated 
using reported prior year production levels 
adjusted by trends in employment and oth- 
er guidelines. 


Table 1.—Salient talc and pyrophyllite statistics 
(Thousand short tons and thousand dollars) 


1981 1982 1983 1984 1985 
United States: 
Mine production, crude: 

KEE OR 3 1,236 1,049 980 11.042 1.188 
Pyrophyllite -------------------------—- 107 87 87 85 81 
yr sme 1,343 1,135 1,066 71,127 1,269 

Value: 
17C;ö˖Ä˙ê 8 321.600 $19,540 $18,998 "$21,755 327.768 
Pyrophyllite. ----------------------- 1,016 1,131 1,282 1,412 1,420 
%%% ß ns a 22.616 20,671 20,280 723,167 29,188 

Sold by producers, crude and processed 

C cuc cut Qu ĩ AAA EE 1,115 915 1,038 71,101 1,067 
Pyrophyllitt! Ok.. 106 110 125 97 139 
r ĩð2A. dns aiu 1.221 1.025 1,163 71,198 1,206 

Value: 
Tale —— — — +--+ $95,354 382.104 $104,739 "$112,515 $114,542 
Pyrophyllite_ - - -------------------- 3,454 3,557 4,057 3,578 5,101 
Total oi t ðꝛ¾ AA ert E 98,808 85,661 108,796 "116,093 119,643 
Exports? (tal “))) 311 232 218 256 237 
e EE Be oe et ne die a $15,095 $12,957 $12,916 $16,162 $14,282 
Imports for consumption (talc) ------------------- 327 > 44 45 47 
S ³oðäͥ ³⁰ 1 tio A 35.834 36.264 $7,691 $9,156 $9,532 
Apparent consumptionnnZ⁊c＋ „„ 937 820 989 1,009 1,079 
World: Production LLL Le 78.012 17.777 7.795 P8,351 8.305 


*Estimated. Preliminary. Revised. 


Data may not add to totals shown because of independent rounding. 

Excludes powders—talcum (in package), face, and compact. 

3Does not include imported pyrophyllite. 

“Production, plus imports, minus exports, plus adjustments in Government and industry stock changes. 
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Legislation and Government  Pro- 
grams.—On July 8, the President approved 
National Security Council (NSC) recommen- 
dations for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. Although tier I and II stockpile re- 
quirements for talc and pyrophyllite have 
yet to be evaluated, the stockpile inventory 
was 1,081 short tons for block or lump talc 
and 1,089 tons for ground talc at yearend. 
The Department of Defense Authorization 
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Act, 1986 (Public Law 99-145), signed by 
the President on November 8, 1985, stated 
that no action may be taken before October 
1, 1986, to implement or administer any 
reduction in a stockpile goal in effect on 
October 1, 1984. 

The allowable depletion rates established 
under the Tax Reform Act of 1969 remained 
at 22% for domestic and 14% for foreign 
block steatite. 

U.S. import duties on talc minerals from 
most favored nations were crude and un- 
ground, 0.02 cent per pound; ground, wash- 
ed, powdered, and/or pulverized, 3.3% ad 
valorem; cut, sawed, or in blanks, crayons, 
cubes, disks, or other forms, free; and other 
not specifically provided for, 4.8% ad valo- 
rem. 


DOMESTIC PRODUCTION 


Talc.—U.S. mine production of crude talc 
increased 14% in tonnage and 28% in value. 
Talc, including soapstone, was produced at 
26 mines in 10 States. Eleven mines operat- 
ed in California. Montana, New York, Tex- 
as, and Vermont accounted for 9096 of 
domestic talc production. Montana led all 
States in the tonnage and value of talc 
produced. 

The largest domestic producers of talc, 
listed alphabetically, are Cyprus Industrial 
Minerals Co. and Pfizer Inc., Minerals, Pig- 
ments & Metals Div., with mines in Califor- 
nia and Montana; R. T. Vanderbilt Co. Inc. 
in New York; and Windsor Minerals Inc. in 
Vermont and California. 

The Montana Talc Co., a joint venture 
between NICOR Mineral Ventures and Me- 
ridian Land and Minerals Co., began con- 
struction of a $12 million mine and mill 
operation near Ennis, MT.? The mine, in the 
Madison River Valley and adjacent to Cy- 
prus Industrial Minerals’ Yellowstone talc 
mine, had an identified reserve of 1 million 
tons. Production of 20,000 tons was planned 
for the first year of operation, gradually 
increasing to 100,000 tons. 

Cyprus Industrial Minerals filed environ- 
mental impact statements with the State of 
Vermont for the construction of an under- 
ground talc mine and a processing plant 
near Chester. The operation would cost $10 
to $20 million and employ 50 to 60 workers. 
The designed annual capacity of the plant 
would be 40,000 tons. 

Pyrophyllite.—Pyrophyllite was mined 
by four companies operating seven mines in 
California and North Carolina. Total pro- 
duction decreased slightly from that of 


1984. 

Piedmont Minerals Co. Inc. increased the 
andalusite content of its refractory-grade 
products by adding a second heavy-media 
separation phase to the beneficiation 
process. The andalusite content was in- 
creased from 4096 to 5096, and the alumina 
content was increased from 29% to 35%. 
The addition of a flotation stage after the 
heavy-media separation in a pilot plant 
increased the andalusite content of the final 
product to 90%. 

R. T. Vanderbilt announced plans to im- 
prove its beneficiation facilities at the Rob- 
bins and Glendon deposits in North Caroli- 
na. The particle size distribution of its 
products will be controlled more precisely, 
allowing the company to market more prod- 
ucts. Coarse material from the process will 
be suitable for some ceramic applications 
and in textured paints. Fine material may 
be used as filler in plastics. 


Table 2.—Crude talc and ie wd 
produced in the United States, by State 


(Thousand short tons and thousand dollars) 


1984 1985 
State Quan- 

tity Value tity Value 
California 74 1.642 100 2.493 
Georgia (tal) 15 104 16 111 
North Carolina 87 1.587 Rb 1. 
Texas (talc)... 1240 14,125 261 5245 
Other! (talc) |... 711 "15709 807 19.73 

Total 11,127 "23,167 1.269 29.188 
TRe 


‘Includes Arkansas, Montana, New York, Oregon. 
Vermont, and Virginia. 
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CONSUMPTION AND USES 


Apperent domestic consumption of crude 
and processed talc and pyrophyllite increas- 
ed 7%. Sales of talc and pyrophyllite in- 
creased slightly in tonnage and value. 

End-use distribution of ground talc was 
ceramics, 32%; paint, 16%; paper, 14%; 
roofing, 11%; plastics, 8%; cosmetics, 5%; 
rubber, 3%; and insecticides, 1%. 

The largest portion, 58%, of domestically 
produced ground pyrophyllite was used in 
ceramics; 16% was used in refractories, and 
10% in insecticides. 

The paint industry is gradually shifting 
from solvent-based paints to alternative 
paint formulas because of production costs 
and environmental and safety problems.‘ 
Water-based paints are used more exten- 
sively, but high-solid paints and powder 
coatings are promising alternatives to 
solvent-based paints. All three of these al- 
ternatives use extenders to reduce the cost 
of paint production and to modify the char- 


acteristics of the paint. These extenders are 
selected by chemical composition, refractive 
index, particle size, particle shape, and 
particle size distribution. Calcium carbon- 
ate, kaolin, and talc are the major extend- 
ers used in the United States. Pyrophyllite 
is a minor extender used only in textured 
paints. 

Approximately 200,000 tons of talc was 
used by the U.S. paint industry in 1985. Talc 
is useful as an extender in high-solid paints 
because it is hydrophobic and disperses 
well in oleoresinous media, it reduces the 
amount of solvent required, and it has 
flatting and antisettling properties. For 
water-based paints, it is necessary to treat 
the talc with a deflocculant. Although most 
talc used is platy, fibrous talc is valuable as 
an extender because of the high oil absorp- 
tion properties, good rheological character- 
istics, and good antisettling properties. 


Table 3.—End uses for ground talc and pyrophyllite 


(Thousand short tons) 
1984 1985 
Use 
Talc Pyrophy I. Total Tale Pyrophy l- Total 

M et oe ee ee eee 858 T85 1448 296 72 368 
EEN 44 Le 44 46 8 49 
Insecticides 8 14 22 1 12 19 
— — S 7! im # 2 d 

EE SS 1 E 
Plastic 67 68 10 1 71 
Refrectogieg E 21 25 l 05 S T 
Bubber ILLI I LIII LL 29 "s 29 21 E 21 
Other? L. NUR NERONE 85 11 96 101 12 113 
Toti] scetur 8 910 7139 11,109 921 124 1,045 


"Revised. 
"Incomplete data. Some cosmetic talc known to be included with "Other." 
ludes art sculpture, asphalt filler and coatings, crayons, floor tile, foundry facings, rice polishing, stucco, and uses 


not specified 


Talc prices varied depending on quality ton of domestic ground talc, in carload lots, 


and on degree and method of processing. 
Prices, quoted by the Engineering and 


Mining Journal, December 1985, per short 


f.o.b. mine or mill, including containers 
follow: 
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meen re bags extra $18.50-$20.50 
Vermont: 
98% through 325 mesh, buliñlk 70.00 
99.99% through 325 mesh, bags: 
Dry processed. 147.00 
Water beneficiated `... 213.00-228.00 
New York: 
96% through 200 mess 62.00- 75.00 
98% to 99.25% through 325 mesh . ` 85.00-100.00 
100% through 325 mesh, 
fluid-energy ground --------- 165.00 
California: 
Standard ~- --------------- 130.00 
Fractionated _ - ------------- 37 00- 71.00 
Micronized `- - -------------- 150.00-220.00 
Cosmetic steatite _.___.___ ___ 44.00- 65.00 
91% through 200 meg 50.00 
99% through 325 mess 60.00 
100% through 325 mesh, 
fluid-energy ground ___.____- 100.00 


Approximate equivalents, in dollars per al Minerals (London), December 1985, for 
short ton, of price ranges quoted in Industri- talc, c.i.f. main European ports, follow: 


Australian, cosmetic (ex store! $182-$196 
Norwegian: 

Ground (ex storei))ꝰl __ 2 126- 140 

Micronized (ex store/?!·•˙ 154- 224 
French, fine ground 126- 238 
Italian, cosmetic-grade . - --------- 231 
Chinese, normal (ex store): 

UK 200 mes 186 

UK 325 meg 196 
New York, paint, minimum 20. ton lot 245 

FOREIGN TRADE 


Exports.—Talc exports decreased 7%, total, followed by Mexico with 31%. Fifty- 
while their value decreased 12%. Prices five countries imported U.S. talc. 
ranged from $27 to $440 per ton, averaging Imports.—U.S. imports for consumption 
$60 per ton. of talc increased 5%. Imports from Canada 

Mexico was the major importer of U.S. increased 20%. Canada was the leading 
talc, accounting for 46% of the tonnage source of imported talc with 63%, followed 
shipped, followed by Canada, 34%; Japan, by Italy with 12% and France with 11%. 
8%; and Belgium-Luxembourg, 3%. Canada Canada, Italy, and China accounted for 71% 
led in value of imports with 34% of the ofthe value of all imported talc. 


Table 4.—U.S. exports of talc! 
(Thousand short tons and thousand dollars) 
Belgium- Canada? J Mexi Other? Total 
Y Luxembourg span FICO 
ear er — ——— 
Quan Quan- Quan Quan- 
tity Value tit Value tity Value tity Value tity Value tity Value 

ISBDacz Se 17 1.364 79 4,632 9 500 164 4.256 42 4,343 311 15.093 
1982... — 18 1,263 63 4,208 9 439 102 3,083 40 3.964 232 12.857 
1938 1 55 74 4,629 16 1,077 86 2.805 41 1.350 218 12.816 
1984 11 722 76 5.265 22 1,518 107 3,696 40 4,961 256 16.182 
1985_-________ 6 373 81 4,864 18 1,422 108 4,492 24 3.131 237 «14.282 


Excludes powders—talcum (in package), face, and compact. 
Probably includes shipments in transit through Canadian ports. 
Includes 51 countries. 
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Table 5.—U.S. imports for consumption of talc, by country 


Crude and Ground, washed, Cut and Talc, Total 
pulverized sawed n. s. p. f. un manufactured 
EE e Valis "Quantity Value "Quantity Value Value Quantity Value 
short (thou- short (thou (short (thou- ( - (short (thou- 
tons) ) eech sands) tons) sands) sands) tons) sands) 
188838 20,922 2,271 21,701 8,615 1,871 853 952 43,994 7,691 
1984: 
Brazil T€ Te 116 23 1,215 482 7 1,881 512 
. 586 8,911 205 208 23 24,815 4,143 
China mM Ss ac 179 169 355 179 524 
India ar ne NA 98 18 86 417 18 546 
Italy - Republic s 9,315 1,706 137 48 zi MES "M 9,452 1,754 
orea, 
Of. cease as TM 2,484 798 104 50 i 2,538 848 
Ober)... 5,529 333 705 253 91 85 158 6,325 829 
Total 14,868 2,040 27,978 5,126 1,807 1,030 960 44,653 9,156 
1985: 
Brazil a= = 1 1,220 464 16 1,363 508 
Canada 10 2 29,524 4,111 181 180 29 29,665 4,322 
China ....-.- Zoe KS SN = 1,018 889 271 1,013 1,160 
France 4.217 240 838 1 s A os 5,055 370 
Italy --.---- 5,511 1,025 84 21 155 251 Sa 5,750 1,297 
Korea: Republic 
OF _------ 487 44 1,672 844 92 54 Sz 2,201 442 
Other 597 39 973 511 278 259 629 1,848 1,488 
Total 10.772 1,350 83,234 5,140 2,889 2,097 945 46,895 9,582 
NA Not available. 
includes 23 countries. 
*Includes 15 countries. 
Source: Bureau of the Census. 
WORLD REVIEW 


The United States remained the world’s 
largest talc producer, and Japan remained 
the largest pyrophyllite producer. The Unit- 
ed States, Japan, and China accounted for 
48% of the world’s talc and pyrophyllite 
production. 

Australia.—Westside Mines Pty. Ltd., 
which supplied almost 50% of the talc used 
by the United Kingdom’s cosmetic manu- 
facturers, closed its Mount Seabrook talc 
mine because legal ownership of the mine 
was being contested.’ 

Thames Mining NL, part of Keywest 
Investments Group, began exploration of 
the Livingston talc deposit, 4 miles from the 
Mount Seabrook deposit.* The talc deposit 
occurs in a deformed quartz-muscovite 
schist and was believed to be geologically 
related to the Mount Seabrook deposit. 
Preliminary drilling indicated substantial 
reserves of talc. 

Brazil.—Mineracéo Matheus Leme Ltda. 
began operating its Minas Gerais pyrophyl- 
lite processing facility in June.“ The rated 
capacity of the plant was 50,000 tons per 
year of pyrophyllite for use in the paint and 
rubber industries. 


Canada.—Steetley Talc Ltd. began a $3 
million expansion at the Timmins plant in 
Ontario to increase the capacity to 60,000 
tons per year and increase the number of 
talc grades produced.* The expansion was 
phase 2 of a three-phase program to in- 
crease production capacity to 120,000 tons 
per year. The improvements included refur- 
bishing the ball mill, classifiers, drum fil- 
ters, magnetic separators, and thickeners, 
and installing a micronizing plant, a Ray- 
mond mill, and concentrators. 

Tales de Luzenac S.A., a major French 
talc producer, acquired a 50% share of 
Broughton Soapstone and Quarry Co. Ltd. 
BSO. BSQ produced and marketed talc 
from deposits in the Thetford region of 
Quebec for roofing materials, the rubber 
industry, and other construction applica- 
tions. The company planned a $700,000 
expansion to double plant capacity to 50,000 
tons per year. High-grade products for the 
plastics and paper industry will be produced 
through selective mining. 

France.—Talcs de Luzenac, the largest 
talc-producing group worldwide, increased 
sales of talc to the British cosmetic industry 
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to approximately 3,500 tons. The increase 
in sales from France was partly attributed 
to the closing of Westside Mines’ Mount 
Seabrook Mine, which had supplied almost 
50% of the talc for the British cosmetic 
industry. The company also installed a laser 
selection process in its plant in the Ariége 
Pyrenees to supplement hand cobbing. 
United Kingdom.—The cosmetic industry 
consumed approximately 15,000 tons of talc 
valued at $45 million after sterilization." 
Talc was selected according to its end use. 
Properties such as macroscopic and micro- 
scopic appearance, chemistry, color, densi- 
ty, odor, and texture were important in this 
selection. For example, particle size and 
shape influenced the bulk handling proper- 
ties of the talc and its softness and absorb- 
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ency. Chemistry affected the color and the 
stability of tints and perfumes. Mineral 
impurities affected abrasiveness and color 
stability. The properties of talc were fre 
quently enhanced by adding other minerals 
or chemicals. 

Additives such as calcium carbonate, ka- 
olin, metallic stearates, and starch were 
used to improve absorbency, adhesion, col- 
or, density, and bulk powder characteris- 
tics. 

The comestic manufacturers changed talc 
suppliers following the shutdown of West- 
side Mines in May. Westside Mines supplied 
45% to 55% of the cosmetic tale to the 
British cosmetic industry. Belgium, Italy, 
and Spain were other major suppliers of 
talc. 


Table 6.—Talc and pyrophyllite: World production, by country' 


(Short tons) 

Country? 1981 1982 1983 1984” 1985* 
Argentina (talc, steatite, pyrophyllite) — 39,925 31,849 32,129 30,629 29.000 
Australien 91.476 168.424 204,964 r 276.000 276,000 
Austria (unground ole)... 128,336 129,072 134,623 147,722 143,000 
Brazil (talc and pyrophyllite d ___ 555,184 446,721 437,025 455,637 468,500 

HHH; ã mm 141 141 141 141 l 
Canada (shipment) 191.178 79.567 106,924 138,891 143,000 

Chile luu ee hee a 733 312 1702 4 ; 
Ehe 990,000 1,050,000 1,050,000 1,050,000 1,100,000 
Colombia: 8 6,669 6,878 1,318 7,479 7,400 
777.10. E pui. a 6,309 9,139 4,981 13,463 13.000 
Finland 339,418 358,251 351,009 360,976 364,000 
France (ground talſ))ꝰ; 840,911 304,723 315,812 322,315 $31,000 

Germany, Federal Republic of 
(marketable) _-_______________ | 17,021 16,789 15,773 215.000 15,000 
Greece (steatite) ) 2.788 2.973 2.388 r e, 400 2.400 
Hungary? ----------------—-- 19,300 18,700 18,700 19,300 18,700 
India (pyrophyllite and steatite) ___ __ 405,175 379,129 389.162 460,473 441,000 
Italy (talc and steatite? 180,106 180,746 175,239 157,329 4142.875 
C ol oct cr ee rU im 1,703,125 1,644,982 1,615,791 1,652,303 41.580.978 
Korea, North® _______________- 185,000 185,000 185,000 185,000 185,000 
Korea, Republic of (talc and pyrophyllite) 622,383 651,594 696,810 935,475 T12,000 
Mexico eoe celere rice 715,138 13,525 12,161 9,811 10,006 
Nepal” EEN 78 3,310 16,825 8,372 11,000 
Norway? EE 493,981 110,000 *110,000 7110,000 110,000 
Pakistan (pyrophyllite) ...._...__- 127,482 122,669 17.588 17.161 20,500 
Paraguʒ/ i. ue 165 165 132 165 140 
Peru (talc and pyrophyllite 10,000 9,500 9,500 9,000 9,000 
Philippines 492 1.111 968 442 1,100 
e ice 7,014 5.445 6,018 6,838 6,900 
Romania F 66,000 66,000 66,000 72,000 712,000 
South Africa. Republic of? |... 16,674 15,226 12,337 15,886 415,925 
Spain (steatite) _... ------------ 76.134 69,099 16,514 19.628 80, 50 
Sweden 17.175 19,569 23,210 22.046 22,000 
„ Lcd ERE DE 21,309 33,798 29,821 20.59] 20,000 
Thailand (talc and pyrophyllite _ . . 13,266 24,249 22,209 31,393 32 000 
n 550,000 560,000 560.000 570,000 70,000 
United Kingdon 19,800 21,000 17,600 17,600 19.500 
United States (talc and pyrophyllite) _ _ - 1,342,916 1,135,415 1,066,400 1,127,421 21.258.750 
CCC te ae EE er *1,900 1,262 155 *1,300 1.100 
p . tee 1.015 299 1.447 405 440 
Zimbabwe `- _--------------—- 425 298 607 314 330 
l/ 18,012,142 17,776,940 1,195,243 8,351.371 8,305 223 
*Estimated. Preliminary. "Revised. 


Table includes data available through May 27, 1986. 


In addition to the countries listed, Czechoslovakia produces talc, but available information is inadequate to make 


reliable estimates of output levels. 


Total of beneficiated and salable direct-shipping production of talc and pyrophyllite. 


*Reported figure. 
*Includes talc, pyrophyllite, and pyrophyllite clay. 


$Data based on Nepalese fiscal year beginning mid-July of year stated. 


"Includes talc and wonderstone. 
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TECHNOLOGY 


The cost of plastics is reduced by adding 
talc as a filler.'** Talc is one of the few 
minerals used by the plastics industry as a 
reinforcing filler. The platy nature of the 
talc provides a rigidity to the composite. 
Plastics with talc fillers exhibit a higher 
stiffness and creep resistance at ambient 
and elevated temperatures compared to 
plastics with particulate fillers such as cal- 
cium carbonate. For example, a polypro- 
pylene containing 4096 loading of talc filler 
has a stiffness 3 times that of polypropylene 
with no filler and 1.5 times that of polypro- 
pylene containing a 40% loading of calcium 
carbonate filler. Talc has additional advan- 
tages over other mineral fillers because it is 
soft, requires less energy to mine, and was 
less abrasive in processing. 

A major problem encountered when using 
high loadings of fillers is a reduction of 
impact strength. This is minimized for talc 
fillers by selecting the proper particle size 
distribution, treating the surface of the talc 
particles, and selecting the proper resin 
formulations. In 1985, the use of surface 
treatment increased approximately 15%." 
Particle surfaces were chemically altered 
using silanes, stearates, and organometal- 
lics to improve the bond between the filler 
and the resins. For siliceous fillers, such as 
talc, silanes offered an advantage over 
stearates and organometallics by contain- 
ing an organic to react with the resin and 
an inorganic to react with the siliceous 
filler. 

A mineralogical study of a fibrous talc 
sample from New York examined the phase 


relationships between the fibrous talc and 
amphiboles in the sample.“ Two amphibole 
phases were present. Nonasbestiform trem- 
olite occurred as a separate phase. Fibrous 
anthophyllite was intimately intermixed 
with the fibrous talc within single grains. 
The intermixing of the anthophyllite and 
talc within single grains was significant 
with regard to a provisional transmission 
electron microscopy (TEM) technique for 
identifying amphibole asbestos in talc. The 
provisional technique did not positively 
identify the anthophyllite because of the 
crystallographic relationship between the 
talc and anthophyllite. A more extensive 
TEM technique employing electron diffrac- 
tion and energy-dispersive X-ray analysis 
was recommended. 


1Physical scientist, Division of Industrial Minerals. 

Rocky Mountain Paydirt. Feb. 1986. 

Dickson. T. North American Pyrophyllite-Ceramics 
ic the Way. Ind. Miner. (London), No. 218, Nov. 1985, 
p. 57. 

“Toon, S. Minerals for Paint. Ind. Miner. (London), 
No. 219, Dec. 1985, pp. 49-75. 

5Industrial Minerals (London). Comment. No. 215, 
Aug. 1985, p. 7. 

s . World of Minerals. No. 218, Nov. 1985, p. 9. 

? . World of Minerals. No. 215, Aug. 1985, p. 9. 

*Page 10 of work cited in footnote 7. 

*Industrial Minerals (London). World of Minerals. 
No. 209, Feb. 1985, p. 9. 

ES . Fillers and Extenders. No. 218, Nov. 1985, 
P 


! Robbins, J. UK Cosmetics—Make-Up Minerals. Ind. 
Miner. (London), No. 216, Sept. 1985, pp. 7579. 
12Cliſton, R. Mineral Fillers Used In the Plastic Indus- 
try. Soc. Min. Eng. AIME preprint 85-62, 1985, p. 36. 
HHarben, P. Fine Particles and Fillers, A Conference 
Report, Ind. Miner. (London), No. 222, Mar. 1986, pp. 153- 


144Virta, R. The Phase Relationship of Tale and Amphi- 
boles in a Fibrous Talc Sample. BuMines RI 8923, 1985, 
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Thorium 


By James B. Hedrick: 


Domestic mine production of monazite, 
the principal source of thorium, increased 
in 1985 for the fifth successive year; howev- 
er, output was exported. Thorium products 
used domestically were derived from im- 
ported materials, existing company stocks, 
and thorium nitrate released from the Na- 
tional Defense Stockpile (NDS). W. R. Grace 
& Co.'s Davison Chemical Div. and Rhóne- 
Poulenc Inc., a subsidiary of Rhéne-Poulenc 
S.A. of France, were the principal proces- 
sors of thorium-containing ores in the Unit- 
ed States. Magnesium Elektron Inc. was the 
principal domestic supplier of thorium al- 
loys from its facilities in the United King- 
dom. 

Major nonenergy end uses were in aero- 


space alloys, mantles for incandescent lan- 
terns, welding electrodes, and refractory 
applications. The only energy use of thori- 
um in the United States was in the high- 
temperature gas-cooled nuclear reactor at 
Fort St. Vrain, CO. 

Domestic Data Coverage.—Domestic 
mine production data for thorium-bearing 
monazite are developed by the Bureau of 
Mines from a voluntary survey of US. 
operations, the "Rare Earths and Thorium" 
survey. The one mine to which a survey 
form was sent responded, representing 
100% of total production. Mine production 
data for thorium contained in monazite are 
withheld to avoid disclosing company pro- 


prietary data. 


Table 1.—Salient U.S. thorium statistics 
(Metric tons of ThO,, unless otherwise specified) 


Exports: Ores and metals 
Imports: Compounds, gas mantles, metals 
Shipments from Government bye ier excesses _ _ _ _ 
Apparent consumption, nonenergy applications 

Prices, yearend, eel a kilogram, ThO3:? 


Estimated. "Revised. 


1981 1982 1983 1984 1985 
6 4 4 11 $2 
33 23 46 45 69 
3 HE es Se 2 
30 19 42 34 89 
$9.50 $10.60 $10.60 $10.10 $10.10 
$21.20 $24.50 $31.00 $35.85 $35.85 


141] domestically consumed thorium was derived from imported metals, alloys, and compounds; monazite con 


3 been imported annually 
3Rhóne-Poulenc Inc. 
Legislation and Government Pro- 


grams.—Sales of materials held in the NDS, 
including thorium nitrate, were suspended 
in September because the $250 million limit 
imposed on the General Services Admin- 
istration’s (GSA) transaction fund was 
reached. Exceptions to the transaction fund 
limit include authority to sell materials 
held by GSA in non-NDS stockpiles and to 
trade NDS materials declared as excess in 
exchange for upgrading of materials speci- 


but has not been used to produce thorium Motos anti 


fied under the Presidential Ferroalloy Pro- 
gram. Thorium nitrate from the NDS that 
had previously been declared as excess to 
goal was sold in 1985 as authorized by the 
Department of Defense Authorization Act, 
1985 (Public Law 98-525), effective Septem- 
ber 30, 1984. A total of 4,536 kilograms 
(10,000 pounds) of the 22,680 kilograms 
(50,000 pounds) of thorium nitrate authoriz- 
ed for disposal under this law was sold 
before the transaction fund limit was 
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reached. 

Environmental Impact.—Radioactivity 
levels at the Bureau of Mines Albany Re- 
search Center were reportedly above the 
Federal limits owing to thorium, radium, 
and uranium contamination in the soil and 
the Center’s research laboratories. The con- 
tamination was discoverod in 1988 by offi- 
cials of the Oregon State Department of 
Environmental Quality and confirmed by 
subsequent studies made by Bechtel Nation- 
al Inc., under contract to the Government. 
The contamination was the result of by- 
product waste generated from research con- 
ducted during the 1940's related to process- 
ing various thori ing ores, metals, 
and alloys, for the Atomic Energy Com- 
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mission.* Cleanup of the contamination was 
expected to be completed by fiscal 1988. 
Teledyne Wah Chang Albany (TWO) con- 
tinued to experience problems resulting 
from environmental concerns over the stor- 
age of slightly radioactive process sludge 
containing thorium, uranium, iyd radium 
derived from naturally occurring minerals 
at its Albany, OR, facilities. TWC reported- 
ly applied for a license to allow it to retain 
the sludge at its plantsite and strengthen 
and cover the disposal pond.* Removal of 
the sludge to an out-of-State disposal site 
would reportedly cost the company an esti- 
mated $100 million, according to compeny 


DOMESTIC PRODUCTION 


Associated Minerals Ltd. Inc., a subsid- 
iary of the Australian-owned firm Associ- 
ated Minerals Consolidated Ltd. (AMC), a 
wholly owned subsidiary of Renison Gold- 
fields Consolidated Ltd. (RGC) of Australia, 
was the only commercial minerals sands 
operation in the United States to produce 


monazite in 1985. Monazite was produced as 
a byproduct of minerals sands mined for 
titanium and zirconium minerals at Green 
Cove Springs, FL. Associated Minerals was 
engaged in domestic exploration for addi- 
tional minerals sands to increase its re 
serves in the United States. 


Table 2.—U.S. companies with thorium processing and fabricating capecity 


See footnote at end of table. 


Plant location 3 
Plainview, NY ˖· Produces oxide, 
fluoride, metal. 
West Mifflin, AA Nuclear fuels; 
Government 
research and 
development. 
Milwaukee, WI. Produces ceramics. 
Santa Ana, CAA Produces advanced 
technical ceramics. 
Blue Island, I. F 
Wichita, KS... Produces thoriated 
l mantles. 
Madison, IL ium-thorium 
Plainview, NX Do. 
San Diego, CA Nuclear fuels. 
Chattanooga, TW Produces thorium- 
containing resi 
from monazite. 
Towanda, PA_________ Produces thoriated 
welding rods. 
South Bloomington, IN ium-thorium 
Cincinnati, OB Mü... Produces compounds 
and metals: 
DOE 555 
Bloomfield, NJ- ~~ ~~ ~~ Produces thorium- 
con 
Sad tecallic 
thorium. 
Lewiston, RE Produces thoriated 
welding rods. 
Freeport, XK Produces thorium 
nitrate from an 
intermediate 
compound of 
monaxite. 
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Table 2.—U.S. companies with thorium processing and fabricating capacity —Continued 


Company 


— ———————— o em — gg 


; rations 
Pomona, CA ` esium-thorium 
oys. 
Huntsville, Alu Produces thoriated 
dréi roe 
Oak Ridge, IWW. Nuclear fuels; 
test quantities. 
Creston, LA. _ esium-thorium 
oys. 


! Manager of U.S. Department of Energy stocks; will become Westinghouse Materials Co. of Ohio, effective Jan. 1, 1986. 


CONSUMPTION AND USES 


Domestic thorium processors reported 
consumption of an estimated 74 metric tons 
of thorium oxide equivalent in 1985, an 
increase of 23 tons above the 1984 level. 
Nonenergy uses accounted for about 69 tons 
of the total, and energy uses accounted for 
the remainder. The approximate distribu- 
tion of nonenergy thorium consumption by 
end use, based on information supplied by 
producers, primary processors, and several 
consumers, was as follows: refractory appli- 
cations, 75%; aerospace alloys, 11%; lamp 
mantles, 8%; welding electrodes, 2%; and 
other applications, including ceramics and 
lighting, 4%. 

Nearly all of the thorium used in metal- 
lurgical applications was alloyed with mag- 
nesium. Magnesium-thorium alloys used by 
the aerospace industry are lightweight and 
possess high strength and excellent creep 
resistance at elevated temperatures, proper- 
ties that are useful in aircraft applications. 
Small quantities of thorium oxide (thoria) 
were used in dispersion-hardened alloys for 
high-strength, high-temperature applica- 
tions. 

Thorium oxide has the highest melting 


point of all the oxides at 3,300° C, a property 
that contributed to its use in several refrac- 
tory applications, including high-strength, 
high-temperature ceramics; investment 
molds; crucibles; and research on heat- 
dissipative core-retention beds for nuclear 
reactors. 

Thorium nitrate was used in the manu- 
facture of mantles for incandescent “camp- 
ing lanterns and for oil lamps. Thorium 
nitrate was also used to produce thoriated 
tungsten welding electrodes. Thoriated 
tungsten electrodes were used to join stain- 
lees steels, nickel alloys, and other alloys 
that usually require controlled weld per- 
formance. 

Thorium was used in electron tubes, in 
bulbs to light airport runways, in special 
high-refractivity glass, in radiation detec- 
tors, in computer memory components, in 
catalysts, in photoconductive films, in tar- 
get materials for X-ray tubes, and in fuel 
cell elements. 

In energy applications, thorium was used 
as a nuclear fuel in the thorium-232/ura- 
nium-233 fuel cycle in one domestic com- 
mercial reactor. 


STOCKS 


Government stocks of thorium nitrate 
in the NDS were 3,230,400 kilograms 
(1,544,845 kilograms of equivalent thorium 
oxide) on December 31, 1985. The NDS goal 
at yearend was 272,155 kilograms of thori- 
um nitrate (130,153 kilograms of equivalent 
thorium oxide); remaining stocks have been 
declared excess to goal. However, the De- 
partment of Defense Authorization Act, 
1985, authorized for disposal only 22,860 
kilograms (50,000 pounds) of the thorium 


nitrate stocks held in the stockpile. Of this 
amount, 18,144 kilograms (40,000 pounds) of 
thorium nitrate remains authorized for dis- 
posal, but sales of the material were sus- 
pended in September 1985 as a result of a 
ceiling limit of $250 million placed on re- 
ceipts in the stockpile transaction fund. 

The U.S. Department of Energy’s invento- 
ry at yearend contained 1,242,868 kilograms 
of thorium oxide equivalent contained in 
ore, metal, and various compounds. 
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The average declared value of imported 
monazite decreased during 1985 to $349 per 
ton, down $40 from the 1984 value. The 
price range of Australian monazite, mini- 
mum 55% rare-earth oxide including thoria 
(f. o. b. -f. i. d.), as quoted in Australian dollars 
(A$) in Metal Bulletin (London), increased 
sharply from A$410-A$440 per ton at year- 
end 1984 to A$850-A$900 per ton by yearend 
1985. Changes in the foreign exchange rate 
in 1985, resulting from the continued eco- 
nomic strength of the U.S. dollar against 
foreign currencies, caused the correspond- 
ing US price to rise less sharply from the 
range of $340-$365 in 1984* to $580-$614 in 
1985.* 


The yearend price for monazite, based on 
a thorium oxide content of 7%, was approx- 
imately $8.29 to $8.78 per kilogram of thori- 
um oxide contained. 

Rhóne-Poulenc Inc. quoted prices for tho- 
rium oxide, per kilogram, net 30 days, f.o.b. 
Freeport, TX, or duty paid at point of en- 
try, effective January 1, 1985, were 99% 
purity—$37.65 and 99.99% purity—$57.75. 
Thorium nitrate at 99.5% purity (mantle 
grade) was quoted at $10.10 per kilogram of 
thorium oxide equivalent at yearend. 

Thorium alloy prices quoted from Magne- 
sium Elektron, Flemington, NJ, were $30.11 
per pound for thorium hardener alloy and 
$4.58 per pound for HZ-type alloy ingot. 


For the sixth consecutive year, France 
was the destination of all of the domestic 
exports of thorium ore, including monazite. 
Australia has been the principal domestic 
source of thorium-bearing monazite since 
1977. Until 1985, monazite was imported 
solely for its rare-earth content, and no 


thorium products had been produced from 
it. Thorium products processed and manu- 
factured domestically in 1985 were derived 
mainly from imported materials, primarily 
thorium compounds and rare-earth concen- 
trates from France and magnesium-thori- 
um alloys from the United Kingdom. 
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WORLD REVIEW 


Australia.—RGC announced its bid to 
takeover control of Allied Eneabba Ltd. 
Several offers by RGC to gain control of 
Allied through stock purchases had oc- 
curred by yearend. The final takeover offer 
was to close on January 23, 1986, at which 
time RGC was expected to have acquired a 
controlling interest. The corporate take- 
over, if successful, would make RGC the 
world’s principal minerals sands producer 
and the world’s largest producer of thorium- 
containing monazite.’ 

Allied, in a joint venture with Asahi 
Chemical Industry Co. Ltd., was studying 
the feasibility of building a rare-earth and 
thorium separation plant at Geraldton, 
Western Australia, to process monazite. 
Monazite concentrates produced to date 
have been exported for further processing 
and separation, with Australian companies 
reportedly foregoing the added revenues to 
be gained through secondary refining.‘ 
RGC's takeover bid was not expected to 
affect the proposed Allied-Asahi separation 
plant venture. 

Consolidated Rutile Ltd. (CRL) reportedly 
began minerals sands production at the 
Gordon Lease property on the southern end 
of North Stradbroke Island, Queensland. 
The property was acquired by CRL from 
AMC, a wholly owned subsidiary of RGC, in 
the first quarter of 1985. CRL also complet- 
ed an agreement with AMC for the acquisi- 
tion of all of AMC's holdings on the island.* 

A new company, TiO; Corp. NL, owned by 
Griffiths Bros. Ltd. (80%) and Spunthill 
Pty. Ltd. (20%), announced plans to mine 
minerals sands deposits at Jurien Bay and 
Cooljarloo in Western Australia. These de- 
posits were previously worked by Western 
Mining Corp. in the mid-1970's. Cooljarloo's 
reserves were given as 16 million tons 
proven and 42 million tons probable ore 
grading 3% to 5% heavy minerals including 
monazite. The Cooljarloo deposit's monazite 
content averages about 0.2% of the heavy 
mineral suite. Reserves at Jurien Bay were 
listed at 25 million tons proven and 1 mil- 
lion tons probable ore grading 6% to 7% 
heavy minerals including monazite at 0.7% 
(12,700 tons of thorium oxide equivalent). 
Production from Cooljarloo was planned for 
1988. 

Monazite production capacities for Cool- 
jarloo and Jurien Bay were estimated at 400 
tons (28 tons of thorium oxide equivalent) 
and 1,200 tons (84 tons of thorium oxide 


equivalent) per year, respectively." 

A joint venture by Strategic Minerals 
Corp. (SMC) and Rutile & Zircon Mines 
(Newcastle) Ltd. (RZM) was formed to ex- 
plore and develop SMC’s heavy minerals 
sands deposits at Byfield, Queensland. Re- 
portedly, RZM can earn an 80% equity in 
the project by either the expenditure of 
$2.05 million or by completing a final feasi- 
bility study leading to a decision to mine.” 

Bangladesh.—Reportedly, ` Bangladesh 
will spend $7 million on a 5-year plan to 
extract heavy minerals, including thorium- 
containing monazite from the Cox's Bazaar 
coastal area. The beach sands, 100 kilome- 
ters southeast of Chittagong, along the coast 
and on nearby islands, contain resources 
estimated at 5 million tons of heavy min- 
erals.'* 

Brazil.—Minerals sands production be- 
gan at Cumuruxatibe in Bahia State. Mona- 
zite along with ilmenite, rutile, and zircon 
were recovered at the mine. Concentrates 
produced at Cumuruxatiba were shipped to 
the Sáo Paulo processing plant, operated by 
the state-controlled Nuclebras de Monazita 
e Associados Ltda., where thorium and rare- 
earth compounds were produced. 

Production of crude monazite ore in 1984 
was 530 tons from the State of Espirito 
Santo, a decrease from the 915 tons pro- 
duced in 1983, and 3,635 tons from the State 
of Rio de Janeiro, a decrease from the 1983 
production level of 5,015 tons. 

According to Anuário Mineral Brasileiro 
1985, measured reserves of monazite were 
18,705 tons for 1984. Estimated thorium 
oxide equivalent content based on these 
reserves was 890 tons. Monazite reserves 
were in the States of Espirito Santo, Pa- 
raná, and Rio de Janeiro.'* 

France.—Rhóne-Poulenc S.À. announced 
it would invest 26.7 million in its two 
rare earth-thorium plants at La Rochelle, 
France, and Freeport, TX, in the United 
States. The additional funding would re- 
portedly be used to increase the existing 
separation and production capacities. Em- 
phasis on increased separation of neody- 
mium oxide and dysprosium oxide for use in 
high-strength permanent magnets was re- 
portedly the principal reason for the invest- 
ment. 

Germany, Federal Republic of.—Further 
studies of heavy minerals sands deposits at 
Cuxhaven, discovered during a drilling pro- 
gram in 1973-76, were concluded in 1985 by 
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the Federal Ministry for Research & Tech- 
nology. Reserves were estimated at 10 mil- 
lion tons of heavy minerals sands including 
ilmenite, rutile, zircon, and possibly mona- 
zite. The fossilized beach sands deposits are 
reportedly similar to those on the east coast 
of Australia and were deposited during the 
late Tertiary era. Additional reserves are 
thought to occur in the area, and further 
exploration was scheduled. 

India.—Indian Rare Earths Ltd.'s dredge 
and wet concentrator plant began operation 
at the Orissa Sands Complex in Orissa. The 
dry mill was also commissioned and trial 
runs were being conducted.'* Production of 
limited amounts of monazite concentrates 
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associated with an initial production of 
30,000 tons of ilmenite was reported. 
Zaire.—Several tin and gold deposits in 
the Kivu region also contain monazite. Re- 
serves of monazite in the Obaye mining 
sector, under the jurisdiction of the Zairian 
mining company Société Miniére et Indus- 
trielle de Kivu, occur in two separate depos- 
its. The Kabengelwa deposit contains 1,100 
tons of monazite (66 tons of thorium oxide 
equivalent) in ore grading 2.8 kilograms per 
cubic meter. The Mashabuto deposit was 
reported to contain 45 tons of monazite (3 
tons of thorium oxide equivalent) in ore 
grading 3 kilograms per cubic meter. 


Table 4.—Monazite concentrate: World production, by country! 


(Metric tons) 
Country” 1981 1982 1983 1984? 1985* 

Australia ~- ß . 13,282 9,562 15,141 16,702 15,000 
BHC ³ĩðͤ ĩðV2KA ĩé A 8 12,460 11,814 5.256 3.622 6.000 
/ ³⁰˙à½. ut e on s ee *3,704 4,000 4,000 4,000 4,000 
Malaysia ee Si ½7« y ß er aN eg 320 546 1,051 4,451 6,000 
Mozambique... 222 LLL L2 „„ 4 3 4 94 4 
Sri Lanka — ³ðVàk . ed Ee 60 304 *300 147 200 
Thailand c a es MEE di 107 162 211 298 250 
Unten 8 W W W W W 
7ͤͥõͤüũ y Ng aligns ERR 35 32 15 2 SN 

Total EE 119.972 "16,423 26,044 29,226 31,454 


eee PPreliminary. "Revised. W Withheld to avoid disclosing company proprietary data; not included in 


otal. 
1Table includes data available through Apr. 29, 1986. 
Pin addition to the countries listed, 
may produce monazite, but output, if any, is not re 
for formulation of reliable estimates of output leve 
Pata are for years beginning Apr. 1 of that stated. 
*Reported figure. 


China, Indonesia, North Korea, the Republic of Korea, Ni 
te ported quantitatively, and available general info 


ria, and the U.S.S.R. 
rmation is inadequate 


SThe 1981-83 figures are exports and the 1984-85 figures are production. 


TECHNOLOGY 


Researchers at the U.S. Geological Sur- 
vey continued to study data collected on the 
Atlantic Continental Shelf to delineate the 
potentially significant concentrations of 
heavy minerals sands off the coasts of 
Georgia and Virginia. Initial analyses indi- 
cate placer deposits on the Continental 
Shelf containing from 3% to 10% heavy 
minerals sands including thorium-contain- 
ing monazite. Reportedly, the deposits exist 
at depths accessible by existing mining 
technology using floating dredges and 
concentrators.” 

An updated study on thorium was pub- 
lished by Roskill’s Information Services Ltd. 
The report gives information on the ores, 
production, consumption, trade, and uses of 
thorium on a worldwide basis.?! 


Researchers at General Electric Co.'s Re- 
search & Development Center at Schenecta- 
dy, NY, determined that certain ancient 
thorium-rich and uranium-rich minerals 
containing long-lived radioactive isotopes 
apparently self-anneal, thus completely re- 
pairing any damage done by radioactive 
decay in less than 10,000 years. This would 
include such isotopes as uranium-234 and 
thorium-230. The long-term effect of radio- 
active decay in these minerals is reportedly 
a reduced rate of dissolution in water; 
consequently, the concern that solidified 
nuclear waste and other radioactive materi- 
als may eventually breakdown by dissolu- 
tion in water and be leached out may not be 
valid under certain geoenvironmental con- 
ditions.** 
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Physical scientist, Division of Nonferrous Metals. 

*Bechtel National Inc., Advanced Technology Div. Ra- 
diological Survey of the Albany Research Center, Geer 
Oregon. BuMines contract DE-ACO810R20722, Jan. 19 


15 pp. 

Ehe (Portland) Oregonian. New Initiative Takes Aim at 
Wah Chang Sludge. July 10, 1985. 

Free on board-free into container depot. 

valu have been converted from Australian dol- 

lars (A$) to U.S. dollars (US$) at the exchange rate of 
A$1.2070 = US$1.00 based on nd 1984 foreign ex- 
change rates published in the Wall Street Journal. 

1 have been converted from Australian dol- 

lars (A$) to U.S. dollars (US$) at the exchange rate of 
A$1.4652=US$1.00 based on nd 1985 foreign ex- 
change rates published in the Wall Street Journal. 
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Tin 


By James F. Carlin, Jr. 


For the fifth consecutive year, there was a 
substantial world tin excess supply, al- 
though world mine production declined and 
world consumption rose during 1985. In 
October, the International Tin Council 
(ITC), which had been buying tin on credit 
to support the tin price, exhausted its funds 
for this purpose. This occurrence disrupted 
the tin industry and caused a suspension of 
tin from London Metal Exchange (LME) 
trading for the duration of the year, and tin 


prices declined markedly during the last 2 
months of the year. 

Domestic Data Coverage.—Domestic pro- 
duction data for tin are developed by the 
Bureau of Mines from a voluntary survey of 
U.S. mines. Of the six mines to which a 
survey form was sent, all responded. Domes- 
tic production, which was negligible, was 
withheld to avoid disclosing company pro- 
prietary data. 


Table 1.—Salient tin statistics 
(Metric tons unless otherwise specified) 


United States: 
Production: 
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Stocks, yearend U.S. industry 
Prices, average cents per pound: 
New York markeeuee „ 
Metals Week composite? 
JJ ⁰⅛⁰m ĩð at 
Kuala Lumpur“ 
World: Production: 


- op vm am ve om vm we o mg "em mm mm mmm mm mo 


1981 1982 1983 1984 1985 
W W W W W 
2,000 3,500 2,500 4,000 *3,000 
15,438 14,293 14,205 15,417 *14,911 . 
2,361 5,769 1,340 1,429 1,478 
45,874 27,939 34,048 41,224 33,830 
232 1,961 969 3,272 1,636 
40,229 33.019 34.301 37.819 37.136 
14.144 13.276 11.246 11.622 12.590 
11.131 10.251 9.859 9.977 12.363 
648.40 586.85 601.28 567.80 525.90 
733.05 653.91 654.78 623.80 595.95 
649.53 580.50 589.19 556.55 556.26 
637.85 587.29 590.78 564.95 540.70 
"238,008 219.925 196.902 P198,432 191.108 
235.931 221.000 199,828 199.669 193,715 


“Estimated. ee e "Revised. W Withheld to avoid disclosing company proprietary data; U.S. mine 
egligi 


production for 1981-85 was n 
Exports (excluding reexports). 
on 10 months in 1985. 


e. 


Beginning in 1985, Kuala Lumpur replaced Penang as the reference market. 


Legislation and Government Pro- 
grams.—The General Services Administra- 
tion (GSA) continued its daily fixed-price tin 
sale program through October when it sus- 
pended sales for the balance of the year 
owing to the ITC disruption, since there was 
no reliable tin price available. A total of 


3,005 metric tons was sold in 1985; of that 
amount, 2,650 tons represented payment 
material for GSA's Ferroalloy Upgrading 
Program, which started April 11, 1984. 

At yearend, the National Defense Stock- 
pile inventory was 185,220 tons; the stock- 
pile goal was 42,674 tons. 
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On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict that would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, tin 
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would be categorized in tier II with a goal of 
150,000 tons, pending Government review. 
At yearend, this proposal was under consid- 
eration by the Congress. The Department of 
Defense Authorization Act, 1986 (Public 
Law 99-145), signed by the President on 
November 8, 1985, stated that no action 
may be taken before October 1, 1986, to 
implement or administer any reduction in a 
stockpile goal in effect on October 1, 1984. 

The depletion allowance for tin remained 
at 22% for domestic deposits and 14% for 
foreign deposits. 


DOMESTIC PRODUCTION 


PRIMARY TIN 


Mine Production.—Two mines, operating 
in Alaska and Colorado, produced tin con- 
centrates. Domestic mine production data 
were withheld to avoid disclosing company 
proprietary data, but total output amounted 
to only a small fraction of domestic tin 
requirements. 

Smelter Production.—The only domestic 
tin smelter, Tex Tin Corp., in Texas City, 
TX, and owned by Gulf Chemical & Metal- 
lurgical Corp., a subsidiary of Associated 
Metals & Minerals Corp., decreased tin 
metal output to an estimated 3,000 tons. 
The smelter treated imported and domestic 


concentrates, secondary tin-bearing materi- 
als, and its own stockpile of tin residues and 
slags. The smelter’s major source of tin 
concentrates was Peru. In August, Tex Tin 
announced it was ceasing production of 
refined tin for the balance of the year. 


SECONDARY TIN 


The United States was believed to be the 
world’s largest producer of secondary tin. 
Secondary tin from recycled fabricated 
parts was an important source of material 
for the solder and the brass and bronze 
industries. 


Table 2.—Secondary tin recovered from scrap processed at detinning plants in the 


United States 
1984 1985 

Tinplate scrap treated_ -- -- ---------------—---—------—--- metric tons. . 492,825 469,105 

Tin recovered in the form of: 
E ENEE do.... R24 931 
Compounds (tin content) LLL LL LL LLL LL Llc „„ do.... 301 1586 
Jͥĩͥ]³²¹⅛ ¹·¹¹. w M er a do- 1.125 1.117 
Weight of tin compounds produced -~ -2-2-2222 do- 1.498 3 
Average Jene of tin recovered per metric ton of tinplate scrap used ____ __ __ kil a 2.24 235 
Average delivered cost of tinplate scrap - -- ------------------—— per metric ton $68.01 $53 69 


1Recovery from tinplate scrap treated only. In addition, detinners recovered 366 metric tons of tin as metal and in 


compounds from tin-base scrap and residues in 1985. 
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Table 3.—Tin recovered from scrap processed in the United States, by form of recovery 
(Metric tons unless otherwise specified) 


Form of recovery 1984 1985 
Tin metal: 

At detinning plants ñ? ͥ᷑s?' j ¼ : eee eee oe eS 1.097 1.292 
At other plant ²ĩ²⅛ÜõͤQ ů ů x ::: eee eee Sees 10 10 
% ] PU ee eee E ͤ 6m Se EE 1.107 1.302 

Bronze and brass: 
From copper-base scrap. - - - - - - --- -------------------------------- 9,071 €8,800 
From lead- and tin base erap. sss: 44„b„ 75 47 
Toal ou calum eee ur E d eee Se REI REC 9,146 8.847 
Soldat. uos ]⅛˙Üw•w m ] ; g ] ͤ0⁰—A hd y ꝛ˙w mm 8? 3,653 3,565 
J ð MM EE ĩ Nat IS cea a 142 122 
HE eebe 123 88 
Antimonial lead `. 894 791 
Chemical compounds J DNE Or ĩðͤ v ĩͤ E 301 186 
eee, ß e cee seek 51 10 
Total c ccu i ĩ˙ dd 5,164 4,762 
Grand total: ee eee eee ee eee eas 15,417 *14,911 
Value (thousands? „ 132 12.021  *$195,907 

“Estimated. "Revised. 
1Includes foil and terne metal. 


Based on Metals Week composite price. 


CONSUMPTION AND USES 


Primary tin consumption remained about 
the same as that of 1984, and was well below 
the levels of the 1970's. Solder was the 
largest application of primary tin, with 
tinplate a distant second. 

Tinplate continued to lose markets to 
aluminum in container applications. Of the 
101.9 billion metal cans shipped, tinplated 
steel and tin-free steel accounted for 34% 


and aluminum accounted for 66%, com- 
pared with 97.8 billion metal cans shipped 
in 1984, when steel accounted for 35% and 
aluminum for 65%. Aluminum held an 
overwhelming segment of the beverage can 
market, while steel was still predominant in 
the food can and the general packaging 
markets.“ 


Table 4.—U.S. consumption of primary and secondary tin 


(Metric tons) 
1981 1982 1983 1984 1985 
Stocks, Jan. 17... 8,835 8,717 7,549 7,740 8,478 
Net receipts during year: 
Primary Lect ³ĩ³AAAA ⁵ Hd. aa dis 41,162 35,843 36,494 39,388 38,936 
Secondary EE 5,692 6,507 5,412 6,096 8,904 
Scrap EE d ENEE 8,050 7,830 7,435 7,323 7,917 
Total receipts... „ 54,904 50,180 49,341 52,807 55,757 
Total available 63,739 58,897 56,890 60,547 64,235 
Tin consumed in manufactured products 
Primary uec , wie e 40,229 33,019 34,301 37,819 37,136 
Secondary EE 14,144 13,276 11,246 11,622 12,590 
J ak he ĩð ae Se 54,373 46.295 45.547 49.441 49.726 
Intercompany transactions in cras ~~ 126 274 245 318 214 
Total process 55.099 46,569 45,792 49,759 49,940 
Stocks, Dec. 31 (total available less total processed). _ _ _ _ ___—_ 8,640 12,328 11,098 10,788 14,295 


Includes tin in transit in the United States. 
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Tale 5.—Tin content of tinplate produced in the United States 


Tinplate waste Tinplate (all forms) 
(waste, stripe. Groes Tin Tin per 
Year cobbles, etc., weight content? metric ton 
groes weight) (metric (metric of plate 
(metric tons) tons) tons) (kilograms) 
ROB Get ede aS ee 284,505 3,288,662 13,306 4.0 
NEEN 208,074 2,712,678 10,936 4.0 
19838. _ _. „ ³ð 8 166.186 2.586.810 9.328 3 6 
I/ ⁵(KT0TJTT0T0T0T00 . 8 152,093 2,500,945 8,659 3.5 
e, ee ue e uc E ELE 146,041 2,215,042 9,322 42 
‘Includes sr. «:' e of secondary tin and tin acquired in chemicals. 


able 6.—U.S. consumption of tin, by finished product 


(Metric tons of contained tin) 
1984 1985 
uct - 
Primary Secondary Total Primary Secondary Total 

Alloys (miscellaneous! ||... W W Ww W W Ww 
r ³˙ A 2.343 341 2,684 1,147 341 1.493 
Bin... AI. E 522 4 526 466 W 466 
Bronze and brass 1,686 3,312 4,998 1,672 2,657 4,329 
Chemicals W W 
Collapsible tubes and ſoililil W W Ww 
lde eo cr 8 13,450 3,799 17,249 13,301 5.315 18,616 
Tinning -~ ------------------—- 1,748 W 1.748 1.511 1.511 
Tinplate? c ee ee ete 8,659 166 8,825 9,322 wW 9,322 
Tin powder ------------------- 1,057 W 1,057 971 Ww 977 
Type metall W 7 w 1 
White metall... 881 77 958 876 61 937 
ö! ³ AAA 7,473 3.923 11.396 7.857 4.216 12.073 
Total... -G ent cee 37,819 11,622 49,441 37.136 12,590 49.726 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
Includes terne metal. 

*Includes secondary pig tin and tin acquired in chemicals. 

Includes pewter, britannia metal, and jewelers’ metal. 


Table 7.—U.S. industry yearend tin stocks 


(Metric tons) 
1981 1982 1983 1984 1985 
Plant raw materials: 
ig tin: 

KE EE 6,857 6,269 6,326 5,480 5.731 
Sen!!! ie est imi 411 265 732 1.562 2.342 
In process? d eee ee 1,449 1,015 682 1,164 1,387 
S t m re te ta te ae aan ede nt ce 8,717 7,549 7,740 8,206 9,440 

Additional pig tin: ` 
Jobbers-importers - - -- --------------------—- 1,943 1,386 608 761 1.642 
Afloat to United States 411 1,316 1,511 1,010 1.24 
Total uu lle ß iS ee EE S 2414 2,702 2,119 1,771 293 
rr K 11.131 10,251 9,859 9.977 12.363 


Includes tin in transit in the United States. 
*Data represent scrap only, tin content. 
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PRICES 


The price of tin metal remained relatively 
flat during the first 10 months of 1985, at 
about $6 per pound, as published in Metals 
Week. However, when the ITC exhausted 
funds to support the tin price in October 
and the LME consequently suspended tin 


were no reliable benchmarks to evaluate 
the tin price. Sporadic price quotations, as 
published in Metals Week, during Novem- 
ber and December, from New York and 
Asian markets, indicated a price of about 


$3.50 per pound. 


trading for the duration of the year, there 


Table 8.—Monthly composite price of Straits tin for delivery in New York 


(Cents per pound) 
MUR 1984 1985 
s High Low Average High Low Average 
January e ß VUE 625.60 622.20 623.74 586.44 566.26 573.67 
Februnrr7ß 634.77 622.13 627.88 568.27 552.37 562.62 
M 644.90 627.36 626.65 592.27 553.49 565.68 
Iii: ¼ r .. y ht 638.71 633.65 636.50 612.58 569.33 591.56 
Ys EREMO METEO SUN 641.05 632.36 636.32 601.38 561.43 588.61 
//;Äõ ⁵ x roue nr LUE UE 640.12 635.21 638.25 613.74 597.34 604.03 
16·WW—̃— 8 635.10 624.86 629.89 637.77 610.51 626.31 
August `- ) ß ciscus tais 632.50 619.23 626.00 631.25 617.73 626.49 
Septembert!k-r᷑- 22 cL LL cL ll - 623.70 607.27 618.08 627.36 §92.91 610.07 
77) deed 607.49 597.45 603.61 614.88 605.61 610.46 
November 615.98 600.82 609.94 NA NA NA 
December 604.30 591.88 598.76 NA NA NA 
Renee ee ee kas XX XX 623.80 XX XX 595.95 
NA Not available. XX Not applicable. 
41Based on 10 months in 1985. 
Source: Metals Week. 
FOREIGN TRADE 


Imports of tin concentrates in 1985 declin- 
ed sharply, indicating the reduced level of 
activity at the Tex Tin smelter. 

Imports of tin metal declined, with Brazil 
remaining the major source, followed by 
Thailand, Indonesia, and China. China has 


emerged in recent years as an important 
supplier. 

Imports of tin in all forms (ore and 
concentrate, metal, and waste and scrap) 
remained free of U.S. duty. 


Table 9.—U.S. imports for consumption and exports of miscellaneous tin, 
tin manufactures, and tin compounds 


Miscellaneous tin and tin manufactures Tin compounds 
Imports Exports Imports 
Tinfoil, : 
tin powder, m her 
ters, Dross, skimmings, Hin bearing 
Year neal scrap, coda material, Quantit va 
tin alloys, n.s.p.f. except ity alue 
manufac- SE tin 1855 (metric tons) (thousands) 
tures, P 
n.s.p.f. scrap 
Value Quantity Value Value 
(thousands) (metric tons) (thousands) (thousands) 
1988838 310.728 1.193 $1,219 $8,972 642 $4,120 
19bdll 3.292 1.211 1.318 12.494 838 5.301 
1985 Led AA ee Pe 3.290 877 2,804 18,357 827 5,164 


Source: Bureau of the Census. 
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Table 10.—U.S. exports and imports for consumption of tin, tinplate, and terneplate 
in various forms; exports of ingots, pigs, bars; imports of tinplate scrap 


Tinplate 
Ingots, pigs, bars Tinplate and terneplate scrap 
" Exports Exports! Imports Imports 
ear 
Quan- Value Quan- Value Quan- Value Quan- Value 
MER (thou- metric (thou- nonce (thou- . thou. 
tons) sands) tons) sands) tons) sands) tons) sands) 
19838 1,340 $17,305 171,121 $83,827 266,548 $168,413 2.144 $188 
1944 1.429 14.409 154.679 93.033 338,630 203,147 4,755 asd 
Me et 1,478 16,744 155,119 85,000 381,137 222,504 3.815 441 
1Tinplate circles, strips, and cobbles are included with exports of tinplate and terneplate. 
Source: Bureau of the Census. 
Table 11.—U.S. imports for consumption of tin, by country 
1984 1985 
Country Quantity Value Quantity Value 
(metrictons) (thousands) (metrictons) (thousands) 
Concentrates (tin content): 
Australia- egere CL ³. AAA " SEN a) $2 
Bolivia esse a he tet eet a ee k a 271 $1,782 22 7 
F/ eomm mmm RUNE m E umen te 1 1 24 102 
IMG KCC x mise y MU x LE d aU 17 78 32 102 
Peri canana a ³⁰˙⁰ uL EECH 2,502 14,308 1,506 9,966 
Singapore -_--------------------------— 46 475 ies oe 
South Africa, Republic o 3 28 32 251 
Thailand `- ---------->--------------—- 403 3,883 20 19 
// ^. EE 29 306 m EN 
Tir 3.272 20.862 1.636 10.659 
Metal? 
Australia creua f ³² A ³ AA 288 4.179 266 3.060 
Belgium-· Luxembounnn HA 137 1.688 ENS me 
BOlVIB tee dE Le 5,438 67,742 1,815 21.187 
BV 2C ns eee EE 10,220 126.190 11,021 127,128 
, e ee eee 64 776 San Se 
hh ðſ/ſ 8 66 18 233 
F“ eee ele eee eee eo eee eee "A ae 20 245 
Chiles ecc on . EE 218 3.713 673 1.392 
(S Tier ts ²˙²] et TP abr 8 1,640 20,596 4,513 60.12% 
Ell ³ĩðV¹A ³¹¹¹ ⁰ 40 489 Se ER 
RE NEE DS KS 167 LS 
Germany, Federal Republic of... Ta) 11 147 1.574 
Hong Kong ------------------------—---- m ud 258 2954 
1 ⁰.qu.“. y he el 8 z 450 5.612 
aene 22777 ð 8 4,985 62,224 4,586 53.753 
denota on MUERE RON M EH 20 242 188 2.141 
Korea, Republic oulns ! T e 3 41 
Malsy-eeee M 6,622 80,546 379 4.553 
Netherlands- - -----------------------—- 140 1,743 45 ay 
NIE 60 788 Sn ae 
NOWAY eer ne y eS ere ee — m" 149 1,838 
Paraguay `--------------2-----------—- 1 6 EE z 
Philippines eee 20 1258 Se EE 
3 aaa a Rt as ccc eRe ⁵⁵⁵¼ͤca 8 30 367 ue ! 
Singapore cuu cL c Cue te 781 4,128 1.886 22 15€ 
South pom Republic of... 10 121 105 1.222 
% ĩ ͤͤ AA nal et eee ee ee EE — 280 2.54 
Switzerland «Leu nuum bet naa a a ge D 50 + aky 
ll cR n tl ee a a Mw : 120 142i 
Fi...... ³ ae bodie 9,531 104,657 6.373 7.1 
United Arab Emirates S xm 129 Ee 
United Kingdom `... 583 7,253 48 e 
7Cüüõõã ⁵ ᷣͤ 0d le i Sa oh ere R9 TRT "n Ds 
, . Des DAR D Me 296 3.462 140 1233 
7777 :: AAA D dM a LE. " 41.224 492,030 33,830 400. 
Revised. 


1Less than 1/2 unit. 


Data may not add to totals shown because of independent rounding. 


2 Bars, blocks, pigs, or granulated. 


Source: Bureau of the Census. 
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WORLD REVIEW 


International Tin Agreement.—The 
Sixth International Tin Agreement (ITA), 
which commenced on July 1, 1982, contin- 
ued in effect throughout 1985. The United 
States was not a member of the agreement. 

The ITC continued to be heavily engaged 
in tin price support actions for most of the 
year to defend the ITC’s floor price by 
buying tin for its stockpile. The ITC retain- 
ed the same buffer stock floor price of 29.15 
Malaysian dollars (M$) per kilogram and 
the ceiling price of M$37.89 that were in 
effect since October 17, 1981. On October 24, 
1985, the ITC exhausted funds to support 
the tin price. This caused severe disruption 
of the world tin market. The LME and the 
Kuala Lumpur Tin Market immediately 
suspended tin trading while the ITC tried to 
reach financial settlements for debts owed 
to banks and trading firms for past tin 
purchases, and while the ITC attempted to 
reestablish its tin price support program. In 
the final months of the year, various propos- 
als were considered to enable the ITC to 
refinance its large debt, but the ITC could 
not reach agreement among its 22-nation 
member governments on any plan, and the 
year ended with the matter unresolved. 

Throughout the year, the ITC continued 
to maintain export controls on producer 
member countries at a level of 39.6% of the 
levels of tin exports prevailing before July 
1, 1982, which was the commencement date 
for the export control program. Despite the 
existence of export controls for over 3 years, 
industry sources estimated the world tin 
surplus at about 70,000 tons at yearend 
1985. 

Tin smuggling in Southeast Asia contin- 
ued to be a problem, although it declined at 

yearend with the sharp drop in tin prices. 
Tin smuggling was counterproductive to 
export contro] measures and was viewed as 
a significant factor in contributing to the 
world tin surplus. Industry sources indi- 
cated that Singapore continued to be the 
destination for considerable tonnage of 
smuggled tin concentrates from Indonesia, 
Malaysia, and Thailand. 

The Association of Tin Producing Coun- 
tries (ATPC) comprised of seven major 
producer nations—Australia, Bolivia, In- 
donesia, Malaysia, Nigeria, Thailand, and 
Zaire—completed its second year as an 
organization. ATPC viewed itself as being 
complementary to, and supportive of, the 
activities of the ITC, and the organization 
attempted to persuade non-ITA member 
countries to restrain tin production. 


Australia.—Aberfoyle Ltd. announced 
plans to halt tin production at its Ardlethan 
Mine in New South Wales. In recent years, 
mining at Ardlethan had been mostly from 
remnant areas that had raised the cost of 
production. Aberfoyle attributed the closure 
to depletion of reserves and to the sharp 
decline in tin prices that occurred late in 
1985. Tasmania was the source of about two- 
thirds of Australia’s tin production. The 
large Renison underground tin mine in 
western Tasmania accounted for about 40% 
of the country’s total output of tin. 

Domestic tin usage was estimated at 2,500 
tons, with the tinplate industry being the 
largest consumer. 

There were two primary tin refineries. 
The Associated Tin Smelters Pty. Ltd. (ATS) 
in Sydney, which was the larger of the two, 
obtained its tin concentrate from producers 
in eastern Australia, including Queensland 
and New South Wales. The other refinery 
was operated by Greenbushes Tin Ltd. in 
Western Australia and smelted the produc- 
tion from its own tin-tantalum mine. 

Bolivia.—The Corporación Minera de Bo- 
livia (COMIBOL) was the country’s largest 
tin producer. A significant proportion of 
mine output was from medium-sized mines. 
There were also many small mines and 
some mining cooperatives. The three largest 
mines were the Huanuni, the La Palca, and 
the Catavi. Bolivia remained a high-cost tin 
producer, largely because its mines were 
the hard-rock underground type and its tin 
deposits were of relatively low grade. Most 
of the tin concentrates produced were bene- 
ficiated in mills adjoining the mines. 

Strikes continued to hamper various pro- 
duction sites throughout the year. The 
European Economic Community (EEC) dis- 
placed the United States as the largest 
single customer for Bolivian tin. 

Brazil.—Brazil was not a member of the 
ITA and therefore not bound by the ITA’s 
export controls, and Brazilian tin mines 
significantly increased their output, as they 
have done in recent years. Brazil ranked as 
the world’s fifth largest tin producer. The 
three leading private tin mining companies 
in Brazil were Paranapanema S.A. Min- 
eracao, Industria e Construção, Brascan 
Recursos Naturais S.A. (BRN), and Min- 
eracáo Brumadinho S.A. 

The leading producer, Paranapanema, 
accounted for more than one-half of Brazil's 
total output, operating at least seven tin 
mines. Paranapanema reported sharply in- 
creased output from its new Pitinga oper- 
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ations in the Mapuere region in Amazonas 
State. The company shipped the entire out- 
put of its mines to its Mamoré smelter, near 
São Paulo, for conversion to refined metal. 

BRN, jointly owned by Brascan Ltd. and 
BP Mineração, was Brazil's second leading 
tin producer. It operated several mines, all 
in the State of Rondónia. BRN's tin concen- 
trates were shipped to its Cesbra smelter for 
refining. 

Brumadinho, the third largest tin produc- 
er, operated several alluvial tin mines in 
Rondénia and explored several tin proper- 
ties in Goids State. Brumadinho shipped all 
its tin concentrates to the tin smelter Bera 
do Brasil S.A., near Sáo Paulo. Bera was 
70% owned by Brumadinho and 30% by 
Paul Bergsoe and Son A/S of Denmark. 

St. Joe Minerals Corp. commenced pro- 
duction at its Mocambo Mine, an alluvial 
deposit situated near São Felix in the Xingu 
River area of Pará State. Production from 
the high-grade deposit was expected to be 
about 1,000 tons per year. 

Constructora Andrade Gutierrez S.A. 
started tin production at its Itaiutuba Mine 
in Pará State. The firm expected to produce 
about 500 tons of tin annually. 

Canopus S.A. started tin production at its 
Rhodia-Espeng alluvial tin depoeit located 
in the Iriri River region of Pará State. 
Production was expected to be about 800 
tons per year of tin. 

There were at least 10 tin smelters in 
Brazil, but none, except Mamoré, had suffi- 
cient feed to operate at designed capacity. 

Canada.—Late in 1985, Rio Algom Ltd. 
started production at its large open pit tin 
mine at East Kemptville, Nova Scotia. The 
operation was expected to produce about 
4,500 tons per year of tin concentrate, and 
rank as the largest tin mine in North 
America. All tin concentrates were shipped 
to the Capper Pass tin smelter in North 
Ferriby, the United Kingdom. 

Lac Minerals Ltd. announced the start of 
a l-year evaluation project on the Mount 
Pleasant, New Brunswick tin property own- 
ed by Billiton Canada Ltd. 

China.—Plans were announced by the 
Yunnan Provincial government to con- 
struct the Wenshan tin complex with the 
capacity to mine and smelt 3,000 tons of 
refined tin annually. 

Technomin Australia NL formed a joint 
venture with the Chinese Government's 
National Nonferrous Metals Industry Corp. 
to prospect for tin in China. Initial plans 
were to investigate areas near the recently 
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developed DaChang tin mine, which re- 
ported tin grades of almost 1%. 

A new tin smelter at Liepan in Guangxi 
Province was reportedly near completion, 
with expected annual capacity of about 
8,000 tons of refined tin. 

India.—India's Mineral Exploration 
Corp. (MEO) reported the discovery of a tin 
deposit at Tosham in Haryana Province. 
Tin grades were about 0.10%. Plans were 
announced to construct a tinplate facility 
near the Port of Goa. The London-based 
Caparo Group Ltd. was expected to provide 
financing. 

Indonesia.—Tin deposits were primarily 
offshore. P.T. Tambang Timah (P.T. Timah), 
the national mining firm, was the major 
producer. P.T. Koba Tin was the second 
largest producer, with its largest mine situ- 
ated on Bangka Island. Koba was jointly 
owned by Kajaura Mining Corp. (Pty.) Ltd., 
an Australian company, and by P.T. Timah. 

Preussag AG (Federal Republic of Ger- 
many) purchased the Kelapa Kampit tin 
mine from The Broken Hill Pty. Co. Ltd. 
(Australia). 

The new P.T. Latinusa electrolytic tin- 
ning line facility in Cilegon, West Java, 
began production. The plant was a joint 
venture of P.T. Timah and P.T. Krakatan 
Steel, both Government-owned, and P.T. 
Nusamba, a local firm. The facility was 
expected to reach full capacity of 130,000 
tons per year of tinplate in 1988 and to raise 
domestic tin ore consumption to 10% of the 
country's output. 

Malaysia.—Although Malaysia remained 
the world's leading tin producer, its tin 
mining activities continued the pattern of 
decline of recent years. There were 465 
mines in 1985, compared with 852 in 1980. 
The number of dredges declined from 54 in 
1980 to 25 in 1985, and the labor force 
declined from 39,000 people in 1980 to 
22,000 in 1985. 

Two large smelters continued operating 
at Penang, refining all of Malaysia's tin 
concentrates and considerable amounts of 
imported concentrates. The Malaysia Min- 
ing Corp. closed its New York, NY, sales 
office because of the low level of tin exports 
to the United States. The major destination 
for exported tin was Japan, followed by the 
EEC. 

Mexico.—Mexican tin mining occurred 
sporadically in the three adjoining States of 
Durango, Zacatecas, and San Luis Potosi in 
the north-central part of the country. Cia 
Minera Pizzuto owned Mexico's main tin 


TIN 


mine, the El Perro Mine, in San Luis Potosi. 
The country’s main tin smelter was oper- 
ated by Estano Electro S.A. de C.V. at Tlal- 
nepantla, near Mexico City, with a capacity 
of 1,200 tons of refined tin annually. Fundi- 
dora de Estano S.A. operated a tin smelter 
at San Luis Potosí with a 1,200-ton annual 
capacity. Both smelters treated mainly im- 
ported tin concentrates. 

Nigeria.— Five firms mined tin: Amalga- 
mated Tin Mines of Nigeria (Holdings) Ltd., 
Bisichi-Jantar Nigeria Ltd., Kaduna Pros- 
pecting Nigeria Ltd., Ex-Lands Nigeria Ltd., 
and Gold & Base Metal Mines of Nigeria 
Ltd. All tin concentrates were smelted 
domestically by Makeri Smelting Co. Ltd. 

Peru.—Tin mine output continued the 
pattern of steady increases of recent years, 
and Peru maintained its position as the 
major supplier of tin concentrates to the 
United States. The San Rafael Mine, owned 
by Minsur S.A., was the only tin mine. 
Situated near Juliaca, the mine was within 
the northern extension of the Bolivian tin 
belt. The mine reported tin grades of 1.8%. 

South Africa, Republic of.—Gold Fields 
of South Africa Ltd. was the parent firm of 
two moderate-sized tin producers, Rooiberg 
Tin Ltd. and Union Tin Mines Ltd. Both 
firms reported declining ore grades, cur- 
rently about 0.496 tin. Zaaiplaats Tin Min- 
ing Co. Ltd. was also a producer. 

Thailand.—Billiton Thailand Ltd., owned 
by the Royal Dutch/Shell Group's Billiton 
B.V., closed its 10-year-old tin dredging 
operation at midyear. The firm cited dwin- 
dling tin reserves in its Government-owned 
concession block along Thailand's southern 
coastline and the Government's refusal to 
grant it new acreage as the reasons for the 
closure. In recent years, this operation pro- 
duced about 1,300 tons of tin concentrates 
annually. Near yearend, the firm consid- 
ered a proposal from former employees of 
the defunct operation to purchase it and 
restart production with the aid of public 
capitalization. 

Throughout the year, Thai miners pro- 
tested various Government policies, includ- 
ing the high tin royalty system. In response, 
the Government suspended the issuance of 
any new tin mining licenses or concessions 
to lessen competition and reduced some fees 
and operational charges to aid the miners. 

The country's newest smelter, Siam Cha- 
roen Tin Smelting Co. expected to start 
production during the year. Situated near 
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Bengkok, the plant had an expected 360- 
ton-per-year capacity to supply the domestic 
solder, pewter, and bronze market. Thai 
Pioneer Enterprise Co. Ltd., which closed its 
3,600-ton-per-year tin smelter iu 1982, was 
negotiating for financing throughout the 
year, trying to reopen the smelter. The 
Thailand Smelting and Refining Co. Ltd., a 
Billiton subsidiary, operated the country’s 
largest tin smelter, at Phuket, with a 
38,000-ton-per-year refined tin capacity. 
Smuggling continued to be a problem, es- 
pecially in the Andaman Sea region. The 
Thai Mining Industry Council estimated 
that 7,000 tons of tin concentrates were 
smuggled from the country in 1985. The 
Government introduced several new anti- 
smuggling regulations. 

U.S.S.R.—Tin was one of only a few major 
metals for which the Soviet Union was 
significantly dependent on imports, al- 
though it was an important producer. Tin 
mining was concentrated in remote eastern 
parts of the country. The Deputatskiy tin 
mining and benefication complex in Yaku- 
tia was scheduled to commission the first 
stage of a lode mine and concentrator in the 
1986-90 period. In Soviet Central Asia, de- 
velopment of the Sary Ozhnz tin mining 
complex in Kirgiziya was scheduled for the 
1986-90 period. 

United Kingdom.—The Rio Tinto Zinc 
Corp. PLC (RTZ) controlled ahout 80% of 
the United Kingdom's tin output through 
its ownership of the Wheal Jane and the 
South Crofty Mines in Cornwall. A third 
major producer, Geevor Tin Mines Ltd., also 
operated a lode mine in Cornwall. Despite 
optimistic plans during most of the year to 
expand and modernize these three old 
mines, the tin price collapse near yearend 
made the continued survival of these three 
high-cost mines questionable. 

Zaire.—The major tin producer was 
Société Miniére et Industrielle de Kivu 
(Sominki) in Kivu. The company was 2896 
Government-owned and 7296 owned by 
Empain-Schneider Group of France. Tin 
concentrates were shipped to Europe for 
smelting. The second largest producer was 
Société Zairetain, with 50% Government 
ownership and 50% ownership by Geomines 
Cie. of Belgium. The third largest producer 
was Société Miniére de Goma (SMOG) 20% 
Government-owned and 80% owned by the 
Bureau de Recherches Géologiques et 
Miniéres. 
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Table 12.—Tin: World mine production, by country' 


(Metric tons) 

Country 1981 1982 1983 1984P 1985° 
Ak ⅛ð 413 304 291 274 270 
Australia «eee 12,267 12,126 39.275 1,699 7.000 
Bolivi s. oo o o⅛ ¹⁰ w.. ema uS ,830 26,113 25,218 19,911 18,000 
J ³⁰ÜA¹Aʃʃ ͤͤ TA 18. 297 78,218 13,215 19,957 
Burns. i. cuc Vd EE 1,438 1,681 1,642 2,028 21,751 
Eames. 721 15 (*) 14 15 
Canada 4 cns ecc m A re 239 135 141 211 250 
Chita se r˙].˙.ͥòn'md1 / uL La ee 15,000 15,000 15,000 15,000 15,000 
Czechoslovakia |. . LLL LL c2 ls 300 F200 250 250 
German Democratic Republic 1,600 1,700 1,800 1,800 1 
Indonesia 5 ——————— EE 35,392 83,806 26,553 23,223 222115 
/n 8 561 529 600 485 3510 
Korea, Republic of... „ ae e Ms 19 EN 

D. Mant NNNM CHER NUTUS 255 302 359 430 540 
Malaysia y mm ein eo ea tes 59,938 52,342 41,361 41,307 296 R84 
MG@RICO S hood a zi tie Los eee 28 21 384 416 400 
Nh 1.228 1,826 1, 400 906 3987 
„ 55 40 76 50 
iv DT EE cL LLL 3,172 2,355 1,560 1,700 1.700 
PCÜ·· q DONNER DNO 8 1.519 1.672 2,368 m 23.807 
Fl ³ĩð2ꝗſ ⁰ da 506 410 347 360 
Rwanda 1.790 1.655 1,526 1,561 1.200 
South Africa, Republic of 2.811 3,035 2,668 2,301 194 
SPAR c e ccu eee ee 8 564 518 444 438 465 
Tanzania ____________________--___ 9 6 r 6 
Thailand) .,... ³ðA eee ee 81,474 28,109 19,943 21,920 20,000 

BANOS eco E TE 8 ( 14 725 r 25 
USSR cet a 8 721.000 721,000 122 000 Tag 000 23,000 
United Kingdom 3,869 4,025 5,216 5,300 
United Stats Ww Ww 
Wein 8 3380 1500 550 500 600 
KEEN 12.452 8 2,168 2,708 2,810 
ö rinm % % dus uio 10 22 34 4 
Zimbabwe 1.600 1,600 1,650 1,700 1.750 
Total -- uses eee este nea ee F238 008 F219 925 196,902 198,432 191,103 


*Estimated. Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. 
Contained tin basis. Data derived in part from the Monthly Statistical Bulletin of the International Tin Council, 
London. Table includes data available through June 17, 1986. 
*Excludes tin content of copper- tin cathodes. 
* Reported figure. 
i es to "Not available” as available general information is inadequate to determine a reliable estimate of output 
evel, if any. 
5Revised to zero. 
*Nonduplicated total of content of concentrate plus smelter production. 


Table 13.—Tin: World smelter production, by country! 


(Metric tons) 
Country 1981 1982 1983 1984P 1985* 

Argentina - ucc che eec tt E 200 200 5 1200 200 
„„ - 4.286 8,105 2,913 2,899 99 683 
Belgium scc ⁵ꝙ” ³ nn e ELO Y di. dog e ies s2 
! n e 20,005 19,032 14,164 1 12.000 
Pf Ah a 7,789 9.298 12.950 18.887 21,000 
China uu at EE 15,000 15,000 15,000 15,000 15,000 
Czechoslovakia 289 295 307 425 490 
German Democratic Republic |... 222. 11,500 2.000 2.000 000 2.000 
Germany, Federal Republic of |... 1,815 608 417 400 400 
Indonesia . - - - - ⁰ mv 8 32,519 29,755 28,390 22,467 21.2300 
Apul o luo LL Lat UU. un Ead di I E 1,315 1,296 1,260 1,354 31,38] 
Malayma* Zen ˙¹rad kv ee eters: 10,326 62,836 53,338 46,911 47,000 
Mexico". o x ⁊ðò 838 944 1,216 1,581 1,500 
Netherlands bier 52325 ole ee eure 3,500 2,800 5,398 6,517 5,500 
II ͤ A 2.486 2.754 1.190 * 1,460 
Etude 900 400 200 180 200 
Rwanda. c ett a oe 8 fa 908 1,110 r . 000 800 
South Africa. Republic ol Ul „ 2.602 2,884 685 1,592 3) 366 
Spain Gees ere ⁵ð ² ² cL b M ee Ae 4,400 3,700 8,700 3.500 8.50 
RETTEN 32,626 25,491 18,467 19,979 19.009 


See footnotes at end of table. 
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Table 13.—Tin: World smelter production, by country' —Continued 


(Metric tons) 
Country 1981 1982 1983 1984P 1985* 
SS Res Seb he pretia é 123.000 124.000 124.000 125000 25,000 
United Kingdom. -~ - ---------------------——- T6,863 T8.164 6,467 6,830 7,200 
United States 2,000 3,500 2,500 4.000 3,000 
ͥĩÄ Ü]?5B[[009Unn! 88 NM *415 520 475 570 
JJJJöͤĩͥͤõĩö[ĩÜt0Ai0 Disi a e. E 450 352 201 170 150 
Zimbabwe ð 1.157 1.197 1.235 1.210 1.225 
17öĩöĩÜͤk⁵—õ¹lE ³⁰ ͤd my A NE 1235, 931 221.000 199.828 199.669 193.715 


*Estimated. Preliminary. Revised. 


Data derived in part from the Monthly Statistical Bulletin of the International Tin Council, London. Output reported 
throughout is primary tin only unless otherwise specified. Table includes data available through June 17. 1986. 


ported figure. 
May include secondary tin. 


Includes small production of tin from smelter in Singapore. 


5Primarily from imported tin concentrate. 
*Includes tin content of alloys made directly from ores. 


TECHNOLOGY 


Advances continued to be made in high- 
speed, high-quality wave soldering tech- 
niques and machinery to meet the rapidly 
changing needs of the printed circuit board 
industry. Wave soldering involved carriage 
of the printed circuit board by linear con- 
veyor through a fluxing stage to ensure 
solder wetting, a preheating stage to evapo- 
rate flux solvent and lessen subsequent 
thermal shock, and a soldering stage where 
the board passes over a molten solder wave 
made by continuously pumping solder up 
through a slot. Most recent developments 
occurred in Europe. A significant innova- 
tion was the development of a machine that 
permitted wave soldering of surface- 
mounted components fixed to the underside 
of a printed circuit board, by double wave 
systems.* 

Because of concerns about the harmful 
effects of lead, lead-free solders have be- 
come increasingly used, especially for 
plumbing applications. These solders were 
generally tin-rich solders, such as 97% tin- 
3% copper or 97% tin-3% silver, utilized as 
capillary plumbing solders. Studies by the 
British Association for Brazing and Solder- 
ing illustrated that capillary plumbing joint 
strengths of lead-free solders at ambient 
temperatures and at 100* C are equal to or 
greater than those of leaded solders.* 

A new compact machine was developed 
that used centrifugal force in combination 
with room-temperature vulcanizing sili- 
cones to create a combination mold making 
and casting machine. The machine could 


encourage growth of pewter usage.* 

The industrial use of sintered stainless 
stee] reportedly was restricted by the poor 
corrosion resistance of the materials in 
comparison to the wrought counterpart. A 
new alloy was developed that utilized 304-L 
stainless steel powder with additions of 
either 2% tin or 2% nickel plus 2% copper 
plus 1% tin. The resulting alloy exhib- 
ited significantly improved corrosion re- 
sistance.* 

A technique of electrolytic bronzing of 
aluminum was developed that used tin elec- 
trolytes. The process was reportedly provid- 
ing harder anodic films and less spalling 
than conventional bronzing methods.’ 

There are many applications requiring a 
fast, efficient method of joining copper con- 
ductors. A machine was developed to join 
insulated magnet wire to tinned wire and 
required no prior removal of the wire's 
insulation or additional filler metals to 
form a valid joint.* 

In the field of tin-canned foods, a new 
procedure was found to expedite processing. 
High vacuum flame sterilization of particu- 
late foods was a high temperature, quick- 
processing method that rolled preheated 
canned products on tracks over gas burners. 
Results claimed include better retention of 
original product quality, providing canned 
fruits and vegetables with color, taste, and 
texture very close to those of fresh. In 
addition, omission of most or all of the 
traditional covering liquid reduced pack 
weight, and thus ultimately could lead to 
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smaller cans.* inside of citrus juice containers. 
Also in the field of tin cans, a processing 

innovation called Pressure Fresh was 1Physical scientist, Division of Nonferrous Metals. 

announced. This was a system that combin- a Manufacturer's Institute, Metal Can Shipment 

ed deoxygenation in the can with the injec- Tin and Its Uses. No. 148, 1986, pp. 4-9. 

tion of liquid nitrogen to extend shelf life Pages 13-15 of work cited in footnote 3. 

and preserve color and flavor of canned 3 . * 

juices. In the process, oxygen levels were "Tin and Its Uses. No. 146, 1985, pp. 10-13. 

reduced from 9 parts per million to less 3———. No. 145, 1985, pp. 15-16. 

than 1 part per million, and eventually S m News. Tin-Novations. V. 34, No. 7, July 15, 1985, 

could eliminate the need for tin coating the !^Work cited in footnote 9. 


Titanium 


By Langtry E. Lynd: and Ruth A. Hough“ 


Domestic production of ilmenite, rutile, 
and synthetic rutile increased in 1985. Con- 
sumption of titanium concentrates also in- 
creased, and production and consumption of 
titanium dioxide (TiO,) pigment reached 
new record-high levels, reflecting continued 
strength in the homebuilding industry. Do- 
mestic production and consumption of tita- 
nium sponge and ingot declined somewhat, 
but net shipments of mill products were up 
slightly. During the year, there were a 
number of changes and proposed changes in 
the ownership of domestic sponge metal 
producers. Prices of titanium concentrates 
generally increased because of the high 
demand for TiO, pigment. Titanium sponge 
metal prices were lower because of relative- 


ly low demand and the availability of con- 
siderable excess production capacity in both 
the United States and Japan. Titanium 
dioxide pigment prices increased, reaching 
new high levels by yearend. 

Domestic Data Coverage.—Consumption 
data for titanium raw materials are devel- 
oped by the Bureau of Mines from a volun- 
tary domestic survey. Of the 38 operations 
to which a survey request was sent, 95% 
responded, representing 99.86% of the con- 
sumption of ilmenite, rutile, and titanium 
slag shown in tables 1 and 7. Consumption 
for the two nonrespondents was estimated 
using reported prior year consumption lev- 
els. 


Table 1.—Salient titanium statistics 
(Short tons unless otherwise specified) 


1981 
United States: 
Ilmenite concentrate: 
Mine shipment 523,681 
Value `. thousanda. . $37,013 
Imports for consumption ~. _ _ — _ — — _ - 236,217 
Consumption _.. ------------- 856,116 
Titanium sét i 
Imports for consumption 268,825 
Consumption _______..__. _-- 252,826 
Rutile concentrate, natura! and synthetic: 
Imports for consumption — - ------- 202,373 
ConsumptiiuiWdgdg LL Llc 285,371 
Sponge m 
ports for consumption... 6,490 
nsumptiona $1,599 
Price, Dec. 31, per pound $7.65 
Titanium dioxide pigment: 

üction mus er Se ee 761,190 
Imports for consumption 124,906 
Consumption, apparent.“ 806,040 

ice, Dec. 31, cents per pound: 
Anat aasee 69.0 
Mili ee E See 75.0 

World: Production: 

Ilmenite concentrate 4 020,733 
Rutile concentrate, natura! 7398673 
Titaniſerous alaggggsssss 1,244,864 


1982 1983 1984 1985 
233,068 w wW w 
119,093 W W W 
$48,366 259.928 409,605 506,804 
583,250 730,578 783.391 756.071 
247,845 138,708 209.839 291,828 
225,541 166,401 200,858 252.027 
163,325 111,578 180,508 179,668 
238,937 265,558 317,902 305,218 
1.354 1.199 12.667 11717 
17.328 16.072 24.713 21.606 
35.55 35.55 75.55 23.50-34.00 
659.710 760,385 1884. 889 848,627 
138,922 174.857 193.501 196.213 
741,065 853,008 7916.198 969,663 
69.0 69.0 69.0 72.0 
75.0 75.0 75.0 78.0 
rg 338.674 22.948.100 » 33,401,508 3.654.210 
373,449 342,081 B387 872 401,900 
1.157.445 1,160,000 — 91,260,000 — 1,410,000 


“Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 
2 Excludes sponge imported by the General Services Administration (GSA) for the national stockpile. 

3 Apparent consumption equals production plus imports minus exports minus stock increase. 

3 Excludes US. production data to avoid disclosing company proprietary data. 
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Legislation and Government  Pro- 
grams.—The Government's National De- 
fense Stockpile goal for titanium sponge 
metal remained at 195,000 tons.* The Gov- 
ernment stockpile inventory in December 
contained 25,965 tons of specification metal, 
including the 4,500 tons of sponge con- 
tracted for by the General Services Admin- 
istration in 1983, of which 139 tons was 
added to inventory in 1984, and 4,361 tons 
in 1985. The stockpile also contained 10,866 
tons of nonspecification material. 

The Government stockpile goal for rutile 
was unchanged at 106,000 tons. The total 
rutile stockpile inventory at yearend was 
39,186 tons. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict that would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, 
goals for titanium would be 3,900 tons in 
tier I and 21,100 tons in tier II. At yearend, 
this proposal was under consideration by 
the Congress. The Department of Defense 
Authorization Act, 1986 (Public Law 99. 
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145), signed by the President on November 
8, 1985, stated that no action may be taken 
before October 1, 1986, to implement or 
administer any reduction in a stockpile goal 
in effect on October 1, 1984. 

A final dumping margin of nearly 84% 
was found by the U.S. Department of Com- 
merce on 150,000 pounds of sponge import- 
ed from the U.S.S.R. between August 1, 
1982, and July 31, 1983. This decision means 
that the importers of that sponge will be 
assessed antidumping duties amounting to 
83.96% of the price paid, and that future 
imports of sponge from the U.S.S.R. will be 
subject to a deposit equivalent to the anti- 
dumping margin, until publication of the 
findings for the next annual review period, 
August 1, 1983, to July 31, 1984. No US. 
imports for consumption of titanium sponge 
from the U.S.S.R. have been reported since 
the third quarter of 1983. 

A U.S. Geological Survey press release on 
June 28, 1985, reported on potentially sig- 
nificant concentrations of ilmenite and zir- 
con in offshore deposits 5 to 10 miles off the 
southeastern coast from Georgia to Virgin- 
ia. Concentrations in some areas were at 
least 3% to 10% heavy minerals, compared 
with 3% to 5% heavy minerals in typical 
commercial onshore deposits. However, 
more work will be required to determine 
what commercial potential the deposits 
may have. 


DOMESTIC PRODUCTION 


Concentrates.—U.S. producers of ilmen- 
ite were Associated Minerals (USA) Ltd. 
Inc. (AMU) at Green Cove Springs, FL, and 
E. I. du Pont de Nemours & Co. Inc. at 
Starke and Highland, FL. 

As in 1984, AMU was the only producer of 
natural rutile concentrate. Kerr-McGee 
Chemical Corp. continued production of 
synthetic rutile at its 100,000-ton-per-year 
Mobile, AL, plant. 

Ferrotitanium.—Ferrotitanium was pro- 
duced by Ashland Chemical Co., Columbus, 
OH; Reactive Metals and Alloys Corp., West 
Pittsburg, PA; and Shieldalloy Corp., New- 
field, NJ. Most of the production consisted 
of the 70% titanium grades. 

Metal.—RMI Co., Niles, OH, the second 
largest U.S. titanium producer, built a $4 
million welded-tube mill in an effort to 
expand the sales of its titanium mill prod- 
ucts to the nonaerospace market. Tube sales 
for heat exchangers, water desalination 


equipment, and chemical processing sys 
tems were seen by RMI executives as the 
largest potential growth area for commer- 
cially pure titanium in the next decade. 
Initial capacity of about 1 million pounds 
per year of welded tubing was planned. 
Wyman-Gordon Co., Worcester, MA, took 
over management of titanium sponge pro- 
ducer International Titanium Inc. (ITD, Mo- 
ses Lake, WA, by increasing its holding in 
ITI to 80% from 41% at an additional cost 
of $8.4 million after investing $12.3 million 
in the company in 1984. Nearly all of the 
remaining shares in ITI are held by Mitsui 
& Co. Ltd. of Japan. Wyman-Gordon indi- 
cated it planned to become an integrated 
titanium producer and to expand later into 
titanium mill products, and earlier in the 
year had offered to purchase all of the 
shares of ITI held by Mitsui and Ishizuka 
Research Inc. of Japan; Titanium Industries 
Inc., Fairfield, NJ; and ITI founder Stephen 


TITANIUM 


Yih. 

Oregon Metallurgical Corp. was pur- 
chased by Owens-Corning Fiberglas Corp. as 
part of the sale of Armco Inc.’s aerospace 
and strategic materials group that included 
Ladish Co., a maker of forgings for aero- 
space and other industries, and HITCO 
Materials Div., a producer of high-perform- 
ance composite materials for aerospace, de- 
fense, marine, and other applications. The 
sale was part of an Armco plan to sell up to 
$800 million of assets to reduce debt. 

Titech International Inc., Pomona, CA, 
reportedly was investing $300,000 in a new 
vacuum annealing furnace and an expan- 
sion of its investment casting area, to be in 
operation by yearend. The company’s total 
sales increased from $7 million to over $10 
million in 1985, but growth in sales was 
expected to level off somewhat, with invest- 
ment casting demand rising faster than 
that for rammed graphite castings. 

A new company, the ALTA Group, Evans 
City, PA, was formed by three former em- 
ployees of the TIMET Div. of Titanium 
Metals Corp. of America (TMCA), and be- 
gan commercial production of high-purity 
titanium, primarily for use in the electron- 
ics industry. ALTA uses a molten-salt-bath 
electrolytic plating process, originally de- 


veloped by the Bureau of Mines, in produc- ` 


ing pure titanium in crystal, powder, or mill 
product form. The high-purity titanium 
product may be used in a variety of elec- 
tronic, prosthetic, or corrosion-resistant ap- 
plications, where standard titanium is not 
effective.‘ 

Plans for a leveraged buyout of the TIM- 
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ET Div. of TMCA by a TIMET manage- 
ment group were terminated. Allegheny 
International Inc. and NL Industries Inc., 
joint owners of TMCA, said that although 
the outlook for the titanium metal market 
is bright, they will continue to seek a buyer 
for TIMET in accordance with their strate- 
gy to divest themselves of companies out- 
side their core businesses. TIMET execu- 
tives and Kelso & Co., New York, which was 
arranging financing for the leveraged buy- 
out in return for a share in the company, 
entered into an agreement to purchase 
TIMET at yearend 1984, but the manage- 
ment group reportedly was unable to ar- 
range financing, partly because of lower- 
than-anticipated projected sales volume and 
profits for the division. 

Cabot Corp. announced plans to sell most 
of its alloys and metal businesses because 
they were not meeting the company's finan- 
cial performance objectives. The divestiture 
included its High Technology Materials 
Div., which produced titanium flat-rolled 
products and superalloys at its Kokomo, IN, 
plant and titanium tubing at its Arcadia, 
LA, plant. Cabot began producing flat-rolled 
titanium products at Kokomo in 1982, and 
had also planned to install titanium melt- 
ing capacity at that location. 

Colt Industries Inc. reportedly planned to 
sell its Crucible units, including Crucible 
Specialty Metals Div., which manufactured 
titanium rod, bar, and wire, as well as high- 
temperature alloys and other materials. 
The sale was to be a leveraged buyout by a 
management and employee group. 


Table 2.— Production and mine shipments of ilmenite concentrate’ 
from domestic ores in the United States 


Year 


— ep mmm em vm D gem e mm ep eg em mm mm em wm mm o mm e s 


mm en — mm vm — eg wm wg — wt vm wm wm mm o emm së ve vm we — Ae rm o vm. wm wm 


— 2 —ů— zm em om wm wm vm em zem wm vr em vm ven vm mm — mm mm ms ven wm om em 


W Withheld to avoid disclosing nen P proprietary da 


Production, Shipments 
gross weight Gross weight TiO, content Value 
(short tons) (ahort tons) (short tons) (thousands) 
542,357 523,681 810,854 $37,013 
263,391 233,063 145,725 19,093 
W W W W 
W W W W 
W W W W 


‘Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 
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Table 3.—U.S. titanium metal production capacity in 1985 


Capacity 
Company Ownership Plant location bort tons) ` 
Sponge Ingot 
oer Corp., Titanium Ingot Pechiney, France |... Whitehall, MI ..... — 5,000 
v. 
International Light Metals Corp Mart ee Mariana x 9 60%; Nippon Torranco. C T 6,000 
o K., : 
International Titanium Ine Wyman-Gordon Co., 80%; Mitsui & Moses Lake, WMA 2,500 me 
. Ltd., Japan, nearly 20%. 
A. Johnson Metals Cor Axel Johnson Group, Stockholm, Lionville, A — 11,500 
Lawrence Aviation Industries TT e Port Jefferson, Nx bës 1,500 
nc. 
Oregon Metallurgical Corp iino Fiberglas Corp., 8096; Albany, OR _____-- 4,500 8,000 
„// ðͤ 
RMI Co - -------------- United States Stee! Corp., 50%; Ashtabula, OH... 9,500 de 
National Distillers & Chemical Niles, Ill -- 18.000 
Corp., 5096. 
Teledyne Alivac. `... Teledyne Ine Monroe, NM — 4.000 
Teledyne Wah Chang Albany VVV Albany, kk 1.500 1.000 
Titanium Metals Corp. of NL Industries Inc., 50%; Allegheny Henderson, NV `... 14,000 17.000 
America. International Inc., 50% 
Viking Metallurgical Corp Quanex Corp... Verdi, NV______-- -- 15,000 
Western Zirconium Ine Westinghouse Electric Corp den. UT ia 500 500 
Wyman-Gordon Co... Ball —— a EE orcester, MMX Cs 2.500 
tags se es a ML EA E 32,500 70.000 


!Single melt only; commercially pure ingot and slab. 


Pigment.—Titanium dioxide pigment pro- Kemira Oy of Finland purchased Ameri- 
duction increased for the third consecutive can Cyanamid Co.'s TiO, pigment plant at 
year, and in 1985 was about 98% of nominal Savannah, GA, for about $100 million. The 
capacity. Modifications of existing plants purchase brought Kemira's total capacity to 
were in progress to increase capacity utili- nearly 200,000 tons per year, making 
zation and ease the tight supply situation mira the world's fifth largest TiO, producer. 
that has resulted from record-high demand. 


Ns 


Table 4. - Components of U.S. titanium metal supply and demand 


(Short tons) 
Component 1981 1982 1983 1984 1985 
Production 
„ p or a ee 126,400 115,600 13,966 24,326 23,257 
TEE 46,236 26,536 26,439 39,964 35,902 
Exports 
jor. NUR REPRE EUST 58 36 39 171 $1 
Other unwrought LL LLL LL LLL LLL Lll ll 251 173 258 204 179 
Bas eee fuu. ek i T8 3,280 4,287 5,379 4.109 160 
Inor slab, sheet bar, ttktktdcdclauklk. „ 4,203 2,196 1,871 2,071 2248 
r wrought. - -------- eee mere eL uim E 1,846 1,404 783 778 1.146 
CJ a ĩð d 9,644 8,096 7,830 7,333 10.384 
Imports 
Spongé ola ³·¹³ A acil 6,490 1,354 1,199 22,667 21.717 
EP ⁰—¹˙¹ A aa niei eua de e ee 3.787 1.277 1.572 1.850 2134 
Ingot and billet `. „ 244 212 81 176 179 
Mill productn3ss 1,116 870 935 840 1,449 
Total Ec Re ae Oe ea ee? usa uin wd 11,637 3,713 8,788 5,533 5.478 
Stocks, yearend: 
Government: Sponge (total inventory) ) 82,331 32,331 82,331 32,470 36,831 
Industry: 
Sponge cou oe om Le I sue S 8,720 3,350 3,136 3.147 4.785 
Sera proc cana ³ ðͤ u ĩ 8 10.484 11.073 12.635 12.489 11.686 
! ³ ee Se ee Re 3,592 2,534 3,273 4,526 4.000 
JJ) õͤõͤĩↄ ³ↄÄ ³ ³ A E e 7 3 22 18 34 
Total industrꝶqü U PH „ 17.803 16.960 19,066 20,180 20.473 


See footnotes at end of table. 
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Table 4.—Components of U.S. titanium metal supply and demand —Continued 


(Short tons) 
Component 1981 1982 1983 1984 1985 
Reported consumption: l 
Sr 88 81.599 17.828 16.072 24.718 21,606 
EE 14,795 8,528 10,467 15,549 14,720 
JJ ³Ü¹¹oꝛ»asA y M a ad eee Te 743,195 21,580 26,232 89,062 37,174 
Mill products (net s GE E 25,492 18,281 15,949 22,808 23,253 
Castings (ahipmentꝶũPP!dddʒ 209 260 240 268 411 


M "an equals l 
a sponge metal production sponge consumption minus sponge imports plus sponge exports and 
p; airi for Government and industry stock changes. 
udes sponge imported by the General Services Administration (GSA) for the national stockpile. 
*Data may not add to totals shown because of independent rounding. 
*Bureau of the Census, Current Industrial Reports, Ser. DIB-991 and ITA-991. 


Table 5.—Capacities of U.S. titanium dioxide pigment plants on December 31, 1985 


Pigment capacity (short tons per year) 


Company and t locati 
T sna plant location Sulfate process Chloride process 


E. I. du Pont de Nemours & Co. Inc.: 


Antioch, CA ↄꝙõö xe epa oA E Erie m 85,000 
TC ³⁰ nA ĩ m ðͤ ar adis A 150,000 
Edge Moor, DE... RR Retired ise i -n Mb 110,000 
ew Johnsonville, TN |... A 228,000 
Kemira Inc., Savannah, GA 2 „„ 64,000 46,000 
Kerr-McGee Chemical Corp., Hamilton, [lsnmWům! 2.22 ads 63,000 

SCM Corp., Glidden Pigments Group: 
Ashtabula, OH... 22S 222222222 ee "T 98,000 
Baltimore NK e . ele 66,000 50,000 
Total: ͥͥ oua ud EEN 130,000 780,000 


Table 6.—Components of U.S. titanium dioxide pigment supply and demand 
(Short tons unless otherwise specified) 


1981 1982 1983 1984 1985 
Component gros Gross, — Grm — TO, ^ Grm TO, "Ges 0. 
weight) weight weicht content weight content weight content 
5 07777 761,190 659,710 760,385 707,158 "834,889 "711,031 848,621 188,961 
ipments: 
uan 6 778.116 707,075 813,958 762,818 905,383 844,901 950,637 884,758 
ue 
thousands. . $947,881 $927,517 $950,515 $950,515 $1,106,898 $1,106,898 $1, 105 131 $1,275,181 
Exports 61,104 12,823 91,702 83,372 106,124 96,740 101,954 92,434 
Imports for consump- : 
tion 124.906 138,922 174,857 162,600 193,501 *180,091 196,213 182,417 
Stocks, yearend. ... 102,189 86,933 77,465 72,085 83,533 77.74 56, 756 53,765 
Consumption, 
apparent 806.040 741.085 853,008 791,816 1916. 198 854.673 969,663 902,923 
Estimated. Revised. 
S Includes interplant transfers. 


3 Apparent consumption equals production plus imports minus exports minus stock increase. 
Sources: Bureau of the Census and Bureau of Mines. 


CONSUMPTION AND USES 


Concentrates.—The total domestic con- Metal.—Demand for titanium was rela- 
sumption of titanium in concentrates in- tively soft for both aerospace and other 
creased about 2%. Slight decreases in con- industrial applications, and consumption of 
sumption of ilmenite and rutile were more sponge and ingot decreased, although net 
than offset by a 25% increase in titanium mill product shipments were up slightly. 
slag consumption. Mill product shipments were 5596 in the 


980 


form of billet; 30% sheet, strip, plate, tub- 
ing, pipe, extrusions, and other; and 15% 
rod and bar. 

Bar and billet were the major forms used 
for aircraft engines and airframes, while 
the other forms were used mainly for non- 
aerospace industrial applications. Mill prod- 
uct usage was estimated to be 75% for 
aerospace and 25% for other industrial 
applications. 

Current use of titanium in large commer- 
cia] aircraft represents about 6% of empty 
aircraft weight. Titanium is utilized where 
high-strength toughness, heat resistance, 
and high structural efficiency are required. 
Typical military aircraft uses are for A-10 
ballistic armament; structural forgings and 
wing skins for F-14 and F-15 aircraft; rotor 
parts for helicopter blade systems; B-1B 
fracture-critical forgings and wing support 
sections; and rotor discs, blades, and com- 
pressor blades on various engines. Major 
nonaerospace industrial uses are those re- 
quiring superior resistance to corrosion, 
such as surface condensers in powerplants, 
heat exchangers, and chemical industry 
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equipment. 

The Titanium Development Association 
(TDA) continued its efforts on the dissemi- 
nation of information about titanium appli- 
cations and potential new markets for tita- 
nium. One example of such activities was 
the production of a 4-foot-high model of an 
offshore oil rig highlighting current and 
potential areas of titanium use, including 
compressor coolers, desalination units, and 
seawater intake piping and valves. The 
model was displayed at the Offshore Tech- 
nology Conference in Houston, TX, in May 
1985. 

Pigment.—Consumption of TiO; pigments 
rose to a new peak for the third consecutive 
year, because of continued economic expan- 
sion and increased demand from the home- 
building industry. The proportion of ship- 
ments used for paper and plastics increased, 
with corresponding decreases in the re- 
maining categories. 

Ferrotitanium.—Consumption of ferroti- 
tanium and titanium scrap in steel and 
other alloys decreased, mainly because of 
lower steel production. 


Table 7.—U.S. consumption of titanium concentrates 


(Short tons) 
i es Rutile 
1 Titan 
s Ilmenite jum slag (natural and synthetic? 
Gross TiOs Gross TiO; Gross TiO: 
weight content? weight content weight content 
ISBI hed ds SE 856,116 511,022 252,826 186,020 285,371 265.596 
I nca x a ares tana ee 583,250 352,393 225,941 168,433 238.937 225,113 
J; ek aaa eo MES 730,578 474,285 166,401 127,267 265,558 250.418 
1984: 
Alloys and carbidg 3) 3) (9 ($) LIE "nS 
Pigments ~- ---------------— 775,477 492.658 200, 858 152,534 245,927 231,808 
Welding-rod coatings and fluxes _ _ __ (3) (3) me " 4,165 3.911 
Miscellaneous 7,914 6,319 MN A 67,810 62.330 
Total emen 783,391 498,971 200,858 152,534 317,902 298.639 
1985: 
Alloysandcarbide |... 3) (è) (*) (*) = De 
igwennsnsnss eee 747,897 414,561 252,027 199,610 254,831 239,893 
Welding-rod coatings and fluxes ___ _ 3) (3) Am un 5,192 4.881 
Miscellaneous 8,174 6,450 s sa 45,249 41,714 
„ ose oo aca eia 756.071 481.011 252.027 199.610 305,278 286,483 
*Estimated. 


Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 


Ancludes synthetic rutile made in the United States. 


*Included with Miscellaneous to avoid disclosing company proprietary data. 
“Included with “Pigments” to avoid disclosing company proprietary data. 
Includes ceramics, chemicals, glass fibers, and titanium metal. 
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Table 8.—U.S. distribution of titanium pigment shipments, titanium dioxide content, 


by industry 
(Percent) 
Industry 19817 1982" 1988" 1984" 1985 
8 varnish, lacquer .------------------------------ 47.0 48.1 48.9 54.8 54.3 
ee EE 25.9 27.4 27.3 19.9 20.5 
Plastic (except floor covering and vinyl-coated fabrics and textiles) _ — ET 126 13 5t We: 
EE 14 1.0 ll 1.2 1.0 
MEL I eee LL IL CI t eee 8 1.5 1.2 1.0 1.0 7 
OUR o ͤ dddd»y ⁰⁰ es 9.4 7.0 6.7 5.1 5.6 
Total duco ⅛˙ͤꝛ; ĩͤ v wm a tL EM E 100.0 100.0 100.0 100.0 100.0 
"Revised. 


(Short tons) 

1981 1982 1983 1984 1985 
Carbon $ed. 5 anche eee E eee E EE 641 420 144 659 483 
Stainless and heat-resistingsteel _. ____________-_-_-_-_--- 1,552 1,289 1748 1,851 2,104 
Other EE steel (includes % 903 664 749 677 491 
EE ANS IU ao OE EAE ROR SEE Rae 8 W W W W w 
rr 3,096 2.373 3.241 3.187 3,078 

Cant Don ĩ⁵˙0r.——BA ]ĩð2 mr Pe at 47 6 
Su / ee ee E 645 409 535 622 657 
oys, other than above ______________._______-______- 254 200 252 473 357 
and unspecified_ ____________-.-.---------- 26 10 12 18 18 
Total consumption - ~- )) „„ 4,084 3,039 4,078 4.362 4,133 


W Withheld to avoid disclosing company proprietary data; included with N and unspecified.” 
‘Includes ferrotitanium containing 20% to 70% titanium and titanium metal scra 
Excludes data withheld and unspecified; included under Miscellaneous and iech Ss s 


STOCKS 


The total TiO, content of industry stocks 31,000 tons, or 60%. The overall increase in 
of concentrates increased 2396 from the concentrate stocks in 1985 followed rather 
yearend 1984 level. The largest increase was substantial usage from stocks in 1983 and 
in stocks of titanium slag, which rose about 1984. 


Table 10.—U.S. stocks of titanium concentrates and pigment, December 31 


(Short tons) 
Gross Ti 
weight content? 
Ilmenite:! 
e dd ß a a a 398,884 254,237 
77/öͥ.ͤ ⅛ . ]ð 8 201,091 128,507 
- 1985 i J. ðxdidd ZZZ ĩͤ 231,430 147,351 
tanium 
SEENEN 18,318 61,026 
//; MU TETTE 66,599 52,391 
ge Y ue SER dd ĩ Usted E 105,919 83,711 
tile: 
|l Pet TR ahs ee a TOURS 130,035 122,189 
jor RAE LTD ð v y ae Sn any, 102,128 96,186 
- 1985 ~- ~~~ -4-------------------------------------------- 115,973 109,319 
tanium pigment: 
PRONUS TERI E S eel hes ae eR OA Ne REO ER EE REN 11,465 72,000 
Do EE 83,533 11,100 
JA aa ͥͤ ³¹˙ͤ%· w 0 0 » ⁰mm.t ⁊ v yt M e ad 56,756 52,800 


I Producer, consumer, and dealer stocks. 
Bureau of the Census. Producer stocks only. 
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Concentrates.—Published prices of tita- 
nium concentrates were generally higher by 
the end of 1985. However, published list 
prices of domestic ilmenite and rutile, in 
other than bulk lots, were suspended the 
entire year. 

Metal.—Reported sales prices on sponge 
were lower by yearend. Prices on Japanese 
sponge under contract and spot prices were 


not published during 1985. 

Pigment.—List prices for titanium dioz- 
ide pigment remained unchanged until the 
fourth quarter of 1985 when they increased 
3 cents per pound and closed the year at the 
higher rate. Because of the high demand, 
there was very little discounting of list 
prices. 


Table 11.—Published prices of titanium concentrates and products 


Concentrates: 


Ilmenite, f.o.b. eastern US. porte 


Ilmenite, f.o.b. Australian ports 


Ilmenite, large lots, bulk, f.o.b. U.S. east coat 
Rutile, f.o.b. eastern US. ports 

ed, f.o.b. Australian porte 
k, f.o.b. Australian ports 
S. east coat 
Synthetic rutile. fob. Mobile, Above ceed edere 
Titanium slag, 80% TiOs, Lob Sorel, Quebec® _______ 


Rutile, 
Rutile, bu 
Rutile, large lots, bulk, f.o.b. 


Titanium slag, 85% TiOs, f.o.b. Richards Bay, Republic of South A Africa 


Metal: 


Sponge, reported sales 


Sponge, Japanese, under contract, c.i.f. U.S. ports, including import duty 


Titanium dioxide pigment, f.o. 
Titanium dioxide pigment, f.o. 


eo 
cc 
mn 
EE 
& 

d 

E 

e 


1984! 1985 
per metric ton 70 00-875. 00 mem 
FFC do 36.00. 38.00 $38.00-$42 00 
33 do 44.00 45.00 50.00 56.00 
ber short ton. . 460.00-490.00 
MUSS ONE: do... 339.00-359.00 371.00-386 00 
5 do 319.00-335.00 315.00-328.00 
S do- 320. 00-340. 00 350.00-360 00 
5 do- 350.00 350.00 
NN r metric ton 185.00 196.00 

HUE 200.00 212.00 
SIS r pound 4.00- 425 3.50- 4.00 

Baas No quotation No quotation 
3 do 79.77 9.77 
. do... . "8 35 8.35 
EE do.... 710.64 10.64 
C do- 712.73 12.73 
. do 713.45 13.45 
RR do 69 72— n 
dme Sh do- 75 


List price suspended effective Jan. 1, 1985. 


Sources: American Metal Market, Industrial Minerals (London), Metals Week, and industry contacts. 


FOREIGN TRADE 


Exports of TiOs pigments decreased for 
the first time since 1980, while imports of 
pigment continued the upward trend that 
began in 1981. 

Substantial increases in exports of most 
titanium metal categories occurred during 


1985. Exports of sponge metal decreased 
70%, and imports of sponge dropped 36%. 

Imports of ilmenite, slag, and synthetic 
rutile increased 24% to 50%, much more 
than offsetting the 7% decrease in imports 
of natural rutile. 


Lë 
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Table 12.—U.S. exports of titanium products, by class 


1983 1984 1985 
Class Quantity Value Quantity Value Quantity Value 


(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 


Concentrates: 
Fr 865 326 3.807 3151 Ae ioe 
Rute. o iaa aaa ee emu a oe 3,526 980 4,844 1,784 27,759 $6,953 
I... 4.391 1.006 8,651 11.936 27.759 6.953 
Metal: 
SJ æ AAA ĩ ee e Eur 39 203 171 967 51 338 
Other Ust 8 258 1,896 204 1,224 181 2,604 
))) 8 5,379 7,074 4,109 7,168 6.760 14.533 
in ou. billets, slabs, etc... 1,371 29,232 2,071 40.993 2.248 40.942 
er wrought | LL LLL LL LL „„ 783 22,965 778 . 20,509 1.147 29,481 
%. 8 7.830 61.370 7.333 70.861 110,388 87.898 
Pigment and oxides: 
Titanium dioxide pigments _ - - - ------------ 91,702 86,900 106,124 97,804 101,954 108,384 
Titanium 5 except pigment- grade 1.819 5.232 2,123 5,024 1,247 4,486 
TEOMA c ca eL ß Lu 8 93,521 92,182 108,247 102,828 103,201 112,870 


Pata do not add to total shown because of independent rounding. 


Source: Bureau of the Census. 


Table 13.—U.S. imports for consumption of titanium concentrates, 


by country 
1983 1984 1985 
Concentrate and country Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Ilmenite: 
Australian 259,328 $9,262 409,605 $11,063 506,539 $14,060 
Indonesia. 2... 2222-22 ---- Si PM eus pags 265 530 
Toti. co St oko Ee 259,328 9,262 409,605 11,063 506,804 14,590 
Tan slag: 
Canada ______________-__- 127,691 18,533 160,155 25,081 195,230 36,350 
South Africa, Republic of... 11,016 1,628 49,685 1,102 96,598 15,881 
Total o exstet 138,708 20,161 209,839 32,183 291,828 52,231 
Rutile, natural: 
Australia. ~~... __ 80,096 16,450 93,871 25,046 66,055 19,062 
Canada _____~_ 22222-2222 es SR 219 55 258 43 
Sierra Leone NS "n 48,436 13,326 82,994 10,822 
South Africa, Republic of |... 10,817 3,365 15,939 2,674 44,146 10,094 
Other s. a Imc 79 21 Wë: ae 3,150 488 
Total! o »A 90,992 19,836 158,465 41,100 146,602 40,509 
Rutile, synthetic: 
Australia `- --------------— 11,118 1,767 22,043 3,810 33,061 3,458 
France -ecra aa e 127 112 p a Je E 
An. ce ee eee 617 235 zb EES LL es 
Taiwan nnn 8,723 1,583 d NN, EES e 
Total" EE 20,586 3,696 22,043 3,810 83,061 3,458 
Titaniferous iron ore:? 
ada oor eee I DL SAL 2,124 107 1,966 77 858 38 


Data may not add to totals shown because of independent rounding. 
"Includes materials consumed for purposes other than production of titanium commodities, principally heavy 
aggregate and ateel furnace flux. 


Source: Bureau of the Census. Data adjusted by the Bureau of Mines. 
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Table 14.—U.S. imports for consumption of titanium dioxide pigments, by country 


1983 1984 1985 

Count Quantit Value Quantity Value Quantity Value 
8 (short 7 (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
AISI ANIA ß e 5,591 $5,824 5,277 398 5285 $5,967 
Belgium-Luxembourg __.-........-.---~--- 14,456 11, 10,840 9,824 16,459 15,508 
nada EE 25,563 27,396 26,212 29.388 26,658 30,019 
Finland. un ume Se ee eee ete 4,829 4,678 6,079 5,954 5,799 6,200 
FCU nne A a ea ee a 31.195 30,032 47,801 45,107 39379 42.167 
Germany, Federal Republic of... „ 36,659 35,804 34,980 34,156 39,7723 38.955 
lll!!! ce 8 8 1.082 1.078 1.032 1.520 1,855 
RN a eL eene ee ee E e 4,888 4,870 4,546 4,900 5.378 6.287 
„ . e E e ed e E 67 1,668 1,201 3,289 4,050 
Netherlands... ~~. L2 c2 lll .2- 254 211 189 198 1.238 1,120 

/ ³·¹w̃w ⅛˙üAwu Z le toS RC nen 6,428 5,638 6,931 6,304 6,978 
South Africa, Republic ook SE E = 551 634 
"ram 23,006 18.784 22.129 20, 21,283 2.659 
United Kingdom ee yt eite i e 19,761 19,135 22.847 20.857 21.242 22880 
Füge Oe IAE at ee 155 115 2,597 1447 516 508 
Other ac succ oe Sen eee LL 1781 1577 329 322 913 1,054 
KEE 174,857 165,495 193.501 186,952 196,213 206,809 

"Revised. 


Includes Algeria, Austria, Brazil, China, Denmark, Dominican Republic, Hong Kong, India, Ireland, the Republic of 
Korea, Macao, Poland, Singapore, Sweden, Switzerland, and Taiwan, in one or more of these years. 
*Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


Table 15.—U.S. imports for consumption of titanium metal, by class and country 


1983 1984 1985 
Class and co Quantity Value Quantity Value Quantity Value 
eonun (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sanda) 
Unwrought: Sponge 
INO lai ee ae 1 $4 E 8 e Se 
Japan eet ee 976 6,761 12,662 $15,789 31,689 $10.007 
Korea, Republic of. . - ns a ae dom 28 156 
USSR o eS lo oo eee oe 193 913 AS Wë ai SO 
United Kingdom 30 177 15 26 (*) 1 
rr 1.199 7,856 12,667 15,815 11,717 10,164 
Ingot and billet: 
Canadlʒ zz „ 7 102 6 62 2 241 
China. oum o ce dte cL. DS -— à 1 oe eis 
ͤĩÄ5[ oe Ze 38 162 (*) 15 
Germany, Federal Republic ff 19 405 30 561 46 844 
C111 ˙ En ca eren in erm 44 546 Tl 1,321 101 950 
USSR a or ot ER 4 38 Lu 22 xd 
Den Kingdom 6 133 26 328 2 49 
SSS —— (?) 4 a 5 wl 26 
ll! ees 81 1,228 176 2,447 179 2.131 
Waste and scrap: 
Austria cece Ee 39 55 217 390 €: x. 
Belgium. - ----------------— 66 89 28 11 47 61 
Canadod⁊ um 451 2.240 190 320 117 155 
TUM 7ͤ 22 19 68 168 872 &39 
) alles et ren 62 95 149 451 122 498 
Geriany, Federal Republic of 166 365 294 851 87 316 
apan uU a ee ritate e See 44 130 117 522 352 1.175 
p coc a ers Sree 90 168 100 301 90 311 
E Mie Get 117 184 ee "- 162 318 
77 P VPE 2o ace 90 270 78 194 
United Kingdom 463 1.036 544 2.215 595 2.001 
Other .------------------- 52 80 53 202 111 
eee. 1.572 4,461 1,850 5,703 2,134 6.075 


See footnotes at end of table. 
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Table 15.—U.S. imports for consumption of titanium metal, by class and country 
—Continued 
1983 1984 1985 
Quantity Value Quanti Value Quantity Value 
Class anc. country (short (thou- ter (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Wrought titanium: 
8 V y^ ne SC $3,701 390 Ven 
„Federal Republic off 140 (^ 1 
5 8 JJ ⁵⁵-4ͤä ; 605 8.842 529 6,091 987 13,128 
United Kingdom 8 258 68 1,130 55 1,254 
acm es ͤp EL EE 5 33 25 441 18 845 
Total c. cos cus E t 935 14.354 840 11,504 1,449 21,038 


1Excludes sponge imported by GSA for the national stockpile. 


than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


WORLD REVIEW 


World production of titanium concen- 
trates rose for the second consecutive year 
because of the continued increase in TiO; 
pigment production and demand. World 
prices of concentrates and pigment increas- 
ed in response to the high demand. World 
demand for TiO; pigment in 1985 was about 
2.6 million tons. 

Titanium sponge metal production in the 
market economy countries rose to about 
49,000 tons because of increased production 
in Japan, despite somewhat reduced output 
in the United States and the United King- 
dom. 

Australia.—Australia again was the larg- 
est producer of titanium minerals with 
exports of ilmenite, in order of decreasing 
volume, mainly to the United States, the 
United Kingdom, Spain, the U.S.S.R., Ja- 
pan, Brazil, and France, and exports of 
rutile, in order of decreasing volume, main- 
ly to the United States, the United King- 
dom, and Japan. 

Because of strong demand for ilmenite, 
rutile, monazite, and zircon, the Australian 
mineral sands industry planned to increase 
its production capacity of mineral sands 
and synthetic rutile. Mineral Deposits Ltd. 
planned to begin a new operation in August 
that would bring its production rate to 
33,000 tons per year each of rutile and 
zircon by early 1986. In August-September 
1985, TiO; Corp. was introduced as a major 
new mineral sands operator on Australia's 
west coast and by 1988, planned to exploit 
deposits acquired from Western Mining 
Corp. at Cooljarloo and Jurien Bay north of 
Perth. Westralian Sands Ltd. planned to 
build a 110,000-ton-per-year synthetic rutile 


plant at Capel, Western Australia, by mid- 
1987. Associated Minerals Consolidated Ltd. 
(AMC) was to add to its existing synthetic 
rutile capacity of 66,000 tons per year, at 
Capel, by building a 120,000-ton-per-year 
plant near Geraldton, Western Australia, 
also to be completed in 1987. Total Austra- 
lian synthetic rutile capacity by 1987 was 
thus expected to increase from the current 
level of 66,000 tons per year to about 300,000 
tons per year. 

Du Pont reportedly agreed to sell its 50% 
share in Allied Eneabba Ltd., a producer of 
ilmenite and zircon in Western Australia, to 
Renison Goldfields Consolidated Ltd. Reni- 
son's subsidiary, AMC, is Australia's largest 
producer of ilmenite, with mining and proc- 
MSN operations in the Eneabba and Perth 


"Bellus E Ltd. reportedly reached 
an agreement for Inco Alloy Products Ltd. 
(IAPL) to acquire a $2.5 million share in 
Titech Europe, a titanium castings compa- 
ny that was in receivership following the 
withdrawal of the parent company, Titech 
International Inc. A new company was to be 
formed, jointly owned by IAPL (60%) and 
the Walloon regional development authori- 
ty, known as the Société Regionale d’Inves- 
tissement de Wallonie (40%), according to 
reports. An extensive program of capital 
investment and research and development 
was planned to increase the product range 
of the new company, to be known as the 
Société de Technologie du Titane et des 
Alliages Speciau. 

Brazil.—Du Pont was considering a joint 
venture with Cia. Vale do Rio Doce (CVRD), 
owned by the Government of Brazil, to 
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construct a 66,000-ton-per-year TiO; pig- 
ment plant in Brazil. CVRD would supply 
Du Pont with 220,000 tons per year of 
anatase concentrates from a $100 million 
plant that CVRD was to begin building in 
1985 in the State of Minas Gerais, and Du 
Pont would supply technology for producing 
TiO, pigment from the anatase concen- 
trates. The TiO, plant would also cost about 
$100 million and begin preduction in 1989. 
CVRD reportedly began operation of a 
15,000-ton-per-year pilot plant to produce 
anatase concentrates in 1983.“ 

International Minerals & Chemical Corp. 
(IMC), Northbrook, IL, reportedly signed a 
letter of intent with the Goids State govern- 
ment indicating the company’s interest in 
investing in a titanium concentrate plant 
that would be built in Catalao, Goiás, in the 
next 2 years. The proposed agreement ten- 
tatively called for IMC to invest up to $200 
million in a plant with an estimated capaci- 
ty of 330,000 tons per year of anatase con- 
centrate containing up to 90% TiO, The 
project would be in a new market area for 
IMC, which is a major worldwide supplier of 
fertilizers, ferroalloys, and industrial min- 
erals. Anatase ore reserves are controlled 
by a Brazilian State company, Metais de 
Goiás S.A., and would be leased to IMC for 
25 years.* 

Canada.—NL Industries planned to build 
a 40,000-ton-per-year chloride-process TiO, 
plant at Varennes, Quebec, to be completed 
by mid-1987 at a cost of $50 million. NL 
Industries’ subsidiary, NL Chem Canada 
Ltd., operates a 40,000-ton-per-year sulfate- 
process TiO, plant at Varennes. 

Chemetics International Co., North York, 
Ontario, announced a project for recovering 
spent acid from sulfate-process TiO; produc- 
tion. Chemetics, Tioxide Canada Inc. (Dor- 
val, Quebec), NL Chem Canada, and QIT- 
Fer et Titane Inc. (Sorel, Quebec) agreed in 
principle to build a unit for processing 110 
tons per day of waste acid at Tioxide Cana- 
da's Tracy, Quebec, TiO; plant. The procees, 
reportedly patented by Chemetics, involves 
total evaporation of sulfuric acid in strong 
acid waste, followed by separation of the 
Solid metal sulfates from the vapor phase, 
and production of 93% to 96% sulfuric acid 
by partial condensation.’ 

China.—China reportedly contracted to 
buy a vacuum arc melting furnace for the 
manufacture of titanium ingots. The fur- 
nace was to be installed in the Baoji metal 
plant in Shaanxi Province, to improve qual- 
ity as well as increasing output to 1,800 tons 
per year. 
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Finland.—The Otanmaki underground 
mine, operated by Rautaruukki Oy, was 
closed in April 1985 because of high oper- 
ating costs. Besides ilmenite, the mine pro- 
duced magnetite, pyrite, and vanadium pen- 
toxide. 

Germany, Federal Republic of.—NL In- 
dustries began operation of its new 44,000- 
ton-per-year chloride- process TiO, plant at 
Leverkusen, which replaces some of its 
older sulfate-process capacity at that loca- 
tion. NL Industries’ total annual TiO, pro- 
duction capacity in the Federal Republic of 
Germany was about 88,000 tons of chloride- 
process and 40,000 tons of sulfate-procees 
capacity at Leverkusen, and 66,000 tons of 
sulfate-process capacity at Nordenham. The 
company planned to build acid recycling 
plants for both the Nordenham and Le 
verkusen facilities by 1989, the year permis- 
sion was scheduled to end for dumping 
waste acid into the North Sea. 

India.—Mining was scheduled to begin in 
1985 at the Orissa Sands Complex. Indian 
Rare Earths Ltd. planned to mine 3.2 mil- 
lion tons of raw sand annually to provide 
240,000 tons of ilmenite, 33,000 tons of 
sillimanite, 11,000 tons of rutile, 4,000 tons 
of monazite, and 2,000 tons of zircon.* 

Italy.—Elettrochimica Marco  Ginatta 
(EMQ) reportedly was building a 1,300-ton- 
per-year electrolytic process titanium 
sponge, crystals, and powder plant in Tri- 
este, in partnership with Instituto par la 
Reconstruzione Industriale, the state hold- 
ing company that owns the major steel 
company, Finanziaria Siderurgica S.p.A. 
EMG hoped to have the plant in production 
by early 1987 and was also seeking partners 
for a 10,000-ton-per-year titanium sponge 
plant elsewhere in Europe.* 

Japan.—Toho Titanium Co. Ltd. expand- 
ed its ingot capacity to about 9,000 tons per 
year from 3,300 tons per year, through the 
purchase of a new vacuum arc melting 
furnace from Consarc Corp., Rancocas, NJ. 
In December 1985, Toho was planning to 
start deliveries of titanium ingots weighing 
16.5 tons. 

Total annual Japanese sponge production 
capacity at yearend was about 34,800 tons, 
distributed among the four producers as 
follows: Osaka Titanium Co. Ltd., 17,000 
tons; Toho, 13,200 tons; Nippon Soda Co. 
Ltd., 2,400 tons; and Showa Titanium Co. 
Ltd., 2,200 tons. 

In November, Osaka and Nippon Soda 
reportedly reduced their production rates 
because of lower-than-expected demand 
from the aerospace industry and a drop in 
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sales prices of about 20% caused by the 


increased strength of the Japanese yen 


relative to the US dollar. However, Toho 
and Showa continued to operate at levels 
reached earlier in the year, so that overall 
utilization of Japan’s sponge capacity in the 
fourth quarter was about 62%. Total 1985 
titanium sponge production in Japan was 
24,500 tons. 

Norway.—The Central Bureau of Statis- 
tics estimated Norway’s titanium reserves 
to be sufficient for 60 years of operation at 
the current production rate, indicating total 
reserves of 49 million tons of ilmenite con- 
centrate containing about 22 million tons of 
TiO, The K/S Ilmenittsmelteverket A/S 
(KSI) plant, being built in Tyssedal to smelt 
385,000 tons per year of ilmenite and recov- 
er 220,000 tons per year of 75% TiO, slag, 
was expected to start trial runs in Septem- 
ber 1986 and be in full production in 1987. 
KSI is a limited partnership between state- 
owned DNN Industries A/S (83.3%), Kronos 
Titan A/S (7.5%), Titania A/S (7.5%), and 
shipowner Atle Jebsen (1.67%). Estimated 
total cost of the project was about $160 
million. 

Saudi Arabia. —A private sector Saudi 
industrial group, IDI Ltd., was planning to 
build a 55,000-ton-per-year TiO, plant at Al- 
Jubail on the Persian Gulf. The plant prob- 
ably would use chloride-process technology 
and would cost about $140 million. The 
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plant would supply domestic and export 
markets." 

South Africa, Republic of.—Richards 
Bay Minerals planned to spend about $68 
million over the next 2 years to expand its 
heavy minerals mining and smelting oper- 
ations in the Republic of South Africa. The 
smelter capacity reportedly will be increas- 
ed 50% to about 720,000 tons per year of 
85% TiO, slag by building a third furnace. 

Taiwan.—Du Pont obtained permission 
from the Government of Taiwan to build a 
66,000-ton-per-year TiO; pigment plant. 
Estimated cost of the plant was about $150 
million, with a 1988 startup date. Du Pont 
estimated that worldwide TiO, demand was 
growing at 1.5% per year, but that demand 
in the Asian-Pacific and Latin American 
regions was growing at double that rate. 

U.S.S.R.—Production of titanium sponge 
metal was estimated to be 47,000 tons. 
Annual production capacity was estimated 
to be about 53,000 tons. Imports of ilmenite 
from Australia declined 40% to 69,000 tons. 

United Kingdom.—In September, Billiton 
(UK) Ltd. sold its 62.5% share of Deeside 
Titanium Ltd. to Rolls Royce Ltd., bringing 
Rolls Royce's share in Deeside to 82.5%. IMI 
Titanium Ltd. owns the remaining 17.5%. 
Deeside was reportedly operating its 5,500- 
ton-per-year sponge plant at a 1,500-ton-per- 
year rate, the estimated level required to 
supply the needs of Rolls Royce. 


Table 16.—Titanium: World production of concentrates (ilmenite, leucoxene, rutile, 
and titaniferous slag), by country! 


(Short tons) 
Concentrate type and country 1981 1982 1983 1984P 1985* 
Ilmenite and leucoxene:? 

Australia: 
limenite 2.222222 22222222 1,456,303 1,266,788 i 1,260,224 1,380,000 
Leucoxene 2... 2222222222222 21,232 21,758 14.725 17,509 19,000 
Brazil: : 2. 62214 A eA 117,478 712,480 33,568 45,134 50,000 
China* Z cum Rcs tu ³ é 0 ĩ ld 150,000 150,000 154,000 154,000 154,000 
r ß 178,023 184,968 180,669 *184,000 150,000 
[Indiat ce wee eS chs ce eee m e 179,141 168,585 148,234 154,323 187,000 
Malaysia 190,432 111,556 245,509 259,025 303,000 
e -22 a ee AA ee "121,088 608,215 612,826 729,027 810,500 
Portugal. 36 ce oe SC e wees 1441 1645 298 181 160 
Sri Lanka ce a le ͤ k 88,197 15,268 90,145 112,489 110,000 
Thailand e . ncm 41 20 591 550 
SS eL p eua a 470,000 475,000 480,000 485,000 490,000 
United States §42,357 263,391 W W 
rr ci ed cr 14.020.733 F3 338,674 2,948,100 8,401,503 3,654,210 

Rutile: 

Australia. LLL LL LL LL LLL LLL 254432 243,777 174404 ` 200048 225,000 
Brazi— „ 7190 725g 510 4 500 
Ir LEE 7,397 16.374 r 6,100 T 66,600 7.700 
Sierra Leone nh ee 55.992 52.590 79,146 100,641 89,000 
South Africa, Republic PPP cvm 55,000 52,000 62,000 62,000 61,000 
fr et eS eae as 14,662 7,950 8,921 7,129 7,700 


‘See footnotes at end of table. 
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Table 16.—Titanium: World production of concentrates (ilmenite, leucoxene, rutile, 
and titaniferous slag), by country! —Continued 
(Short tons) 
Concentrate type and country 1981 1982 1983 1984P 1985* 
Rutile —Continued 
USSR a — tue 11,000 11,000 11,000 11,000 11,000 
United States.. W W W W W 
Total i aen gen Se "398.673 373,449 342,081 387,872 401.900 
Titaniferous slag: l 
ada! cre E EE EAE AE ATA 836,864 137,445 700,000 800,000 930,000 
South Africa, Republic off $... 408,000 420,000 460,000 460,000 480,000 
Total 1,244,864 1, 157,445 1.160, 000 1,260,000 1,410,000 


*Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 
Table excludes production of unbeneficiated anatase ore in Brazil, in short io as follows: 1981—3,208,185; 1982— 
8,136,054; 1983—2,610,028; 1984— 2,943,538; and 1985— 3,000,000 (estimated). This material reportedly contains 20% TiOs. 


Table includes data available through June 24, 1986. 
zIlmenite is also 


produced in Canada and in the Republic of South Africa, but this output is not included here because 


an estimated 90% of it is duplicative of output reported under . and the rest is used for purposes other 


than production of titanium commodities, principally as steel furnace flux 


*Data are for fiscal year beginning Apr. 1 of year stated. 
*Exports. 


heavy aggregate. 


5[ncludes a mixed product containing ilmenite, leucoxene, and rutile. 


Contains 96% TiOs. 


"Contained 72% TiOs in 1981-82, 74% TiOs in 1983, and 80% TiOs in 1984-85. 
TiOs. 


Contains 85% 


TECHNOLOGY 


The Bureau of Mines issued a report on 
contract research in which engineering pro- 
files and cost data were obtained on foreign 
titanium mineral properties. Capital and 
operating costs were estimated for all 
reported currently operating and poten- 
tial future projects in market economy 
countries. The Bureau also investigated 
the recovery of titanium from perovskite 
(Ca TiO,) concentrates by using sulfuric 
acid-CaTiO, reactions at atmospheric pres- 
sure. Under some conditions, over 9896 of 
the titanium was rapidly converted to 
water-soluble sulfates.'* A U.S. patent was 
developed based on this work.'* In other 
Bureau research, titanium diboride (TiB,) 
was used as a 0% to 12% stoichiometric 
constituent of an iron-base alloy system 
being investigated as a potential replace- 
ment for cobalt-base alloys for some uses. A 
range of TiB, contents resulting in most 
promising properties was determined for 
further research.'* 

New evidence was published indicating 
that the Trail Ridge mineral sands deposit 
in Florida formed mainly as a great sand 
dune or dune complex, rather than as a 
beach deposit, as previously thought. The 
new evidence, consisting of high-angle 
crossbeds diagnostic of an aeolian dune 
environment, was revealed in 1968 and 
again in 1985 when the dredge pond at Du 


Pont's mining operation was lowered to 
reach some deep ore. The high water table 
had previously prevented direct examina- 
tion of the ore structure. Since exploration 
for heavy minerals in the Southeastern 
United States has been aimed almost en- 
tirely at ancient shoreline placers, some 
dune deposits may have been overlooked.'* 

The role of titanium minerals and pig- 
ments in welding fluxes was discussed in an 
article examining the industrial minerals 
used for coated electrodes, flux-cored wires, 
and granular fluxes. A description of rele- 
vant welding processes was included. 

U.S. Navy officials reported that the Sea 
Cliff, one of the Navy's three Turtle class 
deep-diving submarines, had made an ocean 
dive of 20,000 feet off the coast of Central 
America. The 31-foot Sea Cliff had been 
refitted with a special titanium hull and 
silver-zinc batteries, allowing independent 
operation at 20,000 feet for more than 16 
hours. The original design of the Turtle 
class submarines specified a standard op- 
erating depth of 6,500 feet. 

Recognizing the need for a single, compre 
hensive, concise, up-to-date source book on 
titanium, TDA published in book form a 
compilation of articles on various aspects of 
titanium technology. Most of theee articles 
have already appeared in print, mainly in 
the “Journal of Metals." However, a major 
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new chapter was included on the history of 
titanium, written especially for this book.!* 

In response to a need for improved per- 
formance of gas turbine aircraft engines, 
the U.S. Air Force worked on projects that 
could result in radically new materials for 
engine components. An important part of 
the Air Force Wright Aeronautical Mate- 
rials Laboratory program at Wright-Pat- 
terson Air Force Base, Dayton, OH, is to 
develop low-density, high-strength, and 
high-temperature titanium alloys, using 
rapid solidification technology. Significant 
quantities of rapidly solidified titanium 
may be produced by a melt spinning tech- 
nique by the end of 1986. Low density may 
be achieved by alloying with lithium, beryl- 
lium, or silicon, and the Air Force applied 
for a patent on such a process. An Air Force 
objective is to use new high-temperature 
alloys in a new fighter aircraft engine in 
1992. Development of such improved al- 
loys is expected to increase titanium de- 
mand in the 1990’s. 

The properties and advantages of patent- 
ed Lockheed Missiles and Space Co. tita- 
nium alloys Transage 175, (2.7 Al-13V-7Zn- 
2Zr) and Transage 134 (2.5Al-12V-2Sn-6Zr) 
were described. In aerospace applications 
tests, Transage 175, a high-temperature al- 
loy, was used to produce jet engine compo- 
nents that were found to be structurally 
superior to components made with the 
standard Ti-6Al-4V alloy and were lower 
cost. Transage 134 is a high-strength alloy 
that can be press forged at temperatures as 
low as 1,200° F, compared with 1,650° F to 
1,800° F for the Ti-6A]-4V alloy. 
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Physical scientist, Division of Nonferrous Metals. 

Mineral data assistant, Division of Nonferrous Metals. 

*Weight units used in this chapter are short tons unless 
otherwise specified. 
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Bonds Google 


Tungsten 


By Philip T. Stafford! 


Consumption of tungsten concentrate 
decreased 20% and imports fell 18% from 
those of 1984. Mine shipments decreased 
16% from those of 1984, remaining lower 
than those of any year since 1934. Prices of 
concentrate from domestic mines remained 
at a relatively low level, decreasing 19% 
from those of 1984. 

More than 95% of domestic production 
came from three mining operations in Cali- 
fornia and Colorado. Most mines, mills, and 
ammonium peratungstate (APT) plants 


were closed all or part of the year. 

Domestic Data Coverage. Domestic pro- 
duction data for tungsten are developed by 
the Bureau of Mines by means of three 


3 voluntary surveys. These surveys 
“Tungsten Ore and 5 


“Tungsten Concentrate and Tungsten Prod 
ucts,” and “Tungsten Concentrate.” Of the 
43 operations to which surveys were sent, 
all responded, representing 100% of the 
total production shown in table 1. 


Table 1.—Salient tungsten statistics 
(Metric tons of tungsten content unless otherwise specified) 


Consumption e 
SE from Government stock 
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Legislation and Government Pro- 
grams.—The General Services Administra- 
tion (GSA) Office of Stockpile Transactions 
continued to sell excess stockpiled tungsten 
concentrate on the basis of monthly sealed 
bids. Regular offerings of excess concentrate 
were made at the disposal rate of 136,078 


1981 1982 1983 1984 1985 
3,605 1,521 1,208 996 
3,545 1,515 1,016 1,178 983 

$62,231 222.062 310,528 — $13,409 $9,143 
9,839 4,506 5,181 8,577 6,838 
958 344 259 1,368 902 
79 305 1 129 124 
5,831 8,528 2,861 5,801 4,146 
108 54 47 46 60 
671 1,765 1,085 959 1,077 
8,855 4,914 5,021 7,839 6,527 
9,165 5,878 5,655 8,808 7,941 
699 748 970 1,191 1,056 
9,960 6,441 6,020 9,799 8,219 
9,613 6,349 6,523 10.216 8,096 
1,472 1,477 1,433 1,850 1,968 
936 933 1,446 1,585 1,206 

150,289 746,921 40,821 46478 48.989 

147.988 742170 42.705 50,072 47,288 

kil of tungsten content per month, of 


which 102,058 kilograms was for domestic 
use and 34,020 kilograms was for export. 
Additionally, supplemental offerings were 
made at the rate of 90,719 kilograms per 
month, of which 68,039 kilograms was for 
domestic use and 22,680 kilograms was for 
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export. As a result of the regular and 
supplemental offerings, concentrate sales 
totaled 694,370 kilograms of tungsten, of 
which 611,587 kilograms was for domestic 
use and 82,783 kilograms was for export. 

Actual shipment of excess concentrate 
from the stockpile totaled 902,401 kilograms 
of tungsten content in concentrate. 

All stockpile sales of tungsten concen- 
trate were discontinued as of October 1 
until further notice because the transaction 
fund had reached its legal limit ceiling of 
$250 million. Hence, no sales were made 
after September. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
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into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, 
tungsten would be categorized in tier II, and 
the goal would be 23,682 metric tons of 
tungsten metal equivalent. At yearend, this 
proposal was under consideration by the 
Congress. The Department of Defense Au- 
thorization Act, 1986 (Public Law 99-145), 
signed by the President on November 8, 
1985, stated that no action may be taken 
before October 1, 1986, to implement or 
administer any reduction in a stockpile goal 
in effect on October 1, 1984. 


Table 2.—U.S. Government tungsten stockpile material inventories and goals 


(Metric tons of tungsten content) 
Inventory by program, Dec. 31, 1985 
Material Goals National DPA! Total 
stockpile inventory 
ten concentrate: 
tockpile grade a A 44 25,152 24,670 72 24,742 
Nonstockpile grade... 4444 aoe 11,846 46 11.892 
Totals en cu ⁵⅛¾5.5].³ꝛ m0 AAA A gus 25,152 36,516 118 36,634 
Ferrotungsten: 
Stockpile gr sl.... un 381 H5 381 
Nonstockpile gradooz··᷑··· MR 537 mee $31 
EE So 919 Sa 919 
Was Gees EE 726 711 SR 711 
Nonstockpile grade... - ------------------— = 150 ER 150 
Total. mau vue Eam A A LE tote 126 861 a 861 
dun carbide powder: 
tockpile grade _ o Eme ee 907 871 TE 871 
Nonstockpile grade... Ge 51 ES 51 
Total- lsc ait d ee 907 922 ous 922 


! Defense Production Act (DPA) of 1950. 


*Data may not add to totals shown because of independent rounding. 


DOMESTIC PRODUCTION 


Mine production and shipments decreas- 
ed 17% and 16%, respectively, compared 
with those of 1984. Production totaled 996 
metric tons of tungsten content in 1984, the 
smallest amount since 1934, except for 1983. 
Shipments totaled 983 tons, the smallest 
amount since 1934. Although four mines in 
two Western States reported production, 
three mines provided more than 95% of the 
domestic tungsten production. No mine op- 
erated continuously. However, the Straw- 


berry Mine and mill of Teledyne Tungsten, 
a subsidiary of Teledyne Inc., near North 
Fork, Madera County, CA, produced tung- 
sten concentrate except during the winter, 
when it was closed owing to weather condi- 
tions. 

The Climax Mine and mill of Climax 
Molybdenum Co., a division of AMAX Inc., 
at Climax, CO, produced tungsten at one- 
quarter capacity for most of the year. The 
Climax Mine, in Lake County, principally 
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produces molybdenum. Union Carbide Corp., near Bishop, CA, was 
The Pine Creek Mine and APT plant of closed or operated at a reduced capacity 
Umetco Minerals Corp., a subsidiary of during most of the year. 


Table 3.— Tungsten concentrate shipped from mines in the United States 


Reported value, f.o.b. 


Quantity mine 

Year Metricton Tungsten Total Average Average 

units of E (thou- per unit La Pe nof 
WO. tons) sands) of WO3 tans 2 70 
198l ³ĩð28Au ³ð2 88 447,028 3,545 362.231 3139.21 317.55 
1/õÄ0§% ] ũ mD. h ĩð . ay EE. 198,652 1,575 22,062 111.06 14.00 
T983- uu n EE 128,130 1,016 10,528 82.17 10.36 
1/öÜ donc ͤ Kk y d UR s 147,958 1,173 13,409 90.63 11.43 
CL Eu rp 123,944 983 9,143 73.77 9.30 


! Values apply to finished concentrate and are in some instances f. o. b. custom mill. 
2A metric ton unit equals 10 kilograms of tungsten trioxide (WOs) and contains 7.93 kilograms of tungsten. 


Table 4.—Major producers of tungsten concentrate and principal tungsten processors in 


the United States in 1985 
Location of mine, mill, 
Company or processing plant 

Producers of tungsten concentrate: 

Climax Molybdenum Co., a division of AMAX Inc 22222222 -- Climax, CO. 

Teledyne Tungtem N c22 2222s 222222222222 22- North Fork, CA. 

Umetco Minerals Corp., a subsidiary of Union Carbide Cord Bishop, CA. 
Processors of tungsten: 

AMAX Inc., AMAX Metals Grouhuõ kk Fort Madison, IA. 

FahsteelInGo vna EE North Chicago, IL. 

General Electric Co ooo „ Euclid, OH, and Detroit, MI. 

GTE Products Corp ------------------------------- Ee Towanda, PA. 


Kennametal EE 
North American Philips Lighting Corp 
Teledyne Firth Sterli 
Teledyne Wah Chang 


Latrobe, PA, and Fallon, NV. 
Bloomfield, NJ. 
Pittsburgh, PA. 
Huntsville, AL. 


mma 2 —— — ae — — — — em 


— en a zm em em mm mm vm vm zs re zm em mm mmm — e o o mm vm ren "em e mem o ee vm 


"e — — rm mm mm — — — rm mm — — mm a — — mm on mn — 


CONSUMPTION 


Domestic consumption of tungsten in pri- 
mary products decreased 20% from that of 
1984. The major end use, 62% of the total, 
continued to be in cutting and wear-re- 
sistant materials, primarily as tungsten 
carbide. Other end uses were mill products, 
23%; specialty steels, 5%; and miscella- 
neous, including superalloys, welding and 


hard-facing rods, chemical and ceramic 
uses, and other tungsten materials, 10%. 

Consumption of tungsten products used 
directly to make end-use items was distrib- 
uted as follows: tungsten carbide powder, 
63%; tungsten metal powder, 24%; schee- 
lite, 5%; tungsten scrap, 3%; ferrotungsten, 
2%; and other, 3%. 


Table 5.—Production, disposition, and oa of tungsten products in the United States in 
5 


(Metric tons of tungsten content) 


Hydrogen- 

uced 

metal 

powder 

Gross production during earn 7,269 
Used to make other products listed here 3,911 
Net production ____________________ 3,358 
Producer stocks, Dec. JJ! 839 


Tungsten carbide 
powder 
Made Crushed Chemicals Other! Total 
from and 
metal crystal- 
powder ine 
3,883 800 2,413 65 14,430 
6 126 2,168 SCH 6.211 
3,877 674 245 65 8,219 
622 362 120 25 1,968 


? [ncludes ferrotungsten, scheelite (produced from scrap), nickel-tungsten, and self-reducing oxide pellets. 
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Table 6.—Consumption and stocks of tungsten products in the United States in 1985, by 


end use 
(Metric tons of tungsten content) 
Tung: Tung- ; d Other 
End use FF. (natural, vi tungsten ` Tota 
ungsten : e synthetic) scrap! ma als? 
Stainless and heat-resisting __ _ _ _ 34 a SC 42 W w 76 
Alloy - --- Reed 19 Zis NN w W W 19 
Ten] zl ccnl 86 122 —.— "y 204 W W 326 
Superalloys ---------------- W W W wW W 18 18 
Alloys (excludes steels and superalloys): 
tting and wear-resistant 
materials „ ae W 5,033 EM Ww W 5,083 
Other alloy WwW 1 W PS 5 W 12 
Mill products made from metal powder aoe 1,858 w RS ids W 1,858 
Chemical and ceramic uses -— — Ss Sei ae. 85 85 
iscellaneous and unspecified |... 4 86 55 125 216 128 674 
Total oo ooo eee 179 1,951 5,088 371 281 226 8,096 
Consumer stocks, Dec. 31, 198 36 31 990 28 61 60 1,206 


W Withheld to avoid disclosing company proprietary data; included with ‘Miscellaneous and unspecified.” 
Does not include that used in making primary tungsten products. 

*Includes melting base, self-reducing tungsten, tungsten chemicals, and others. 

*Includes welding and hard-facing rods and materials and nonferrous alloys. 


The average value of tungsten concen- 
trate shipped from domestic mines and 
mills, as reported to the Bureau of Mines, 
decreased 19% to $73.77 per metric ton unit 
of WO,, compared with the 1984 value. 
Excess tungsten concentrate was purchased 
from GSA during the year at prices ranging 
from $56.24 to $76.35 per metric ton unit for 
domestic use and from $61.16 to $67.52 per 
metric ton unit for export. 

The following price quotations showed 
similar price trends: European prices of 


tungsten concentrate as reported in Metal 
Bulletin of London, the U.S. spot quotations 
as reported in Metals Week, and the Inter- 
national Tungsten Indicator. Differences in 
the monthly and annual averages resulted 
from differences between the scheelite and 
wolframite concentrate prices for the same 
period of time. For 1985, prices decreased 
1796, compared with those for 1984. 

Prices for intermediate products were not 
announced because of their competitive 
ness. 
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FOREIGN TRADE 


Exports of tungsten in concentrate and 
primary products increased 58% from 1,700 
tons in 1984 to 2,692 tons in 1985. Imports 
decreased 12%, from 8,092 tons in 1984 to 
7,118 tons in 1985. Tungsten in concentrate 
had a net import decrease of 19%, from 


5,678 to 4,622 tons, but tungsten in ammo- 
nium tungstate had a net import increase of 
10%, from 1,164 to 1,279 tons. Other tung- 
sten intermediate products had a net export 
increase of 229%, from 451 to 1,485 ounces. 


Table 8.—U.S. exports of tungsten ore and concentrate, by country 


1984 1965 
content’ r content Vara 
metric 
tons) sands) tone) sands) 
Austria So coc eU eg 29 $279 1 $15 
Brad. EEN 25 161 ae "en 
Frajt- o ͤ⁰˙¹¹⁰ mum cea EE 6 93 bes m 
Germany, Federal Republic oůů ß 48 571 10 85 
$ Ff ee eae ee ee T te ($) 3 5 Se 
RUE EE EE t 2 
öÄ AA AAV EI D etra 21 133 18 108 
Netherland „ Sie Es 54 2 
WSS Roos ß et ie cr CP UE bes Soe 1 9 
United Kingdom ⅛? !“ ß. mE ue "E MUN a) 1 
vd EE 129 1,240 124 831 
! Less than 1/2 unit. 
Source: Bureau of the Census. 
Table 9.—U.S. exports of ammonium paratungstate, by country 
1984 1985 
Gross Gross 

Country weight content! Value weight content! Value 

i (thou- : (thoe- 

(metric sands) (metric ( sands) 

tons) tons) tons) tons) 

Australia e ----------------- (*) (*) $1 zz PN "A 
Belgium-Luxembourg. - - ---------- ia PM Tm 87 26 sul 
CM cand SEM 8 8 2 89 12 8 133 
|j. MIENNE 2 1 9 1 1 9 
Goren Federal Republic off 1 1 9 1 1 2 
JC nani 0 e 6 S: Se Se 
Mexico IR E eras eer as ee? m 8 4 51 
Netherlands -~ ----------------- BS St ei 22 15 251 
Singapore Sts - 2 (*) ($) 1 
South Africa, Republic of 5 4 56 ns JA "n 
United Kingdom zc m 8 24 11 me 
„ 11 8 119 102 72 1,159 


Tungsten content estimated by multiplying gross weight by 0.7066. 


Less than 1/2 unit. 
Source: Bureau of the Census. 
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Table 10.—U.S. exports of tungsten carbide powder, by country 


1984 1985 
Tungsten Tungsten 
Country content M content Ms ue 
(metric 3 (metric ‘as 
tons) tons) sands) 
Argentina - —--------------------------------- 8 $285 (3) $11 
Australia -— ul. y 2 161 
AT aT A ree ar et EE 48 973 32 787 
Belgium - Luxembourg „„ 15 396 25 511 
Brasil- 5-2 df ela e EE 7 198 14 451 
WT, TEE 121 2.671 143 8,437 
, , re LU A EE 8 205 8 
Elli.... ⁵] b Li LE 1 27 10 174 
Germany, Federal Republic ol 88 902 71 1.629 
/ööõõͤ ³ðÄ / ³oW¹0m ³ ſüĩ ͥ E ð 1 48 5 117 
//)! Ä“... yt 11 1.185 5 337 
TTT BEE ĩ ðͤi () 4 135 2,246 
I ͥͥ RP iL eed pU E 48 1,715 40 1,524 
Japan oeoo aoaaa a 61 1,193 18 
MéXICÓ EE 14 439 17 627 
Netherlands 6 367 15 640 
CC TM i ee Kr TEN E NES 1 15 
Philippines _ - -— --------------------------- a 6 18 "S M 
AIOE p Land xum ß eis Le 2 47 EN 
South Africa, Republic oo s Js 19 428 
WEE dE SE M 1 3 38 
Switzerland. -= a me 10 189 
United Kingdom... 2222222222222 222222222 49 1,496 63 1 
Venezuela... -ħħ 2 54 1 17 
— ae E 8 (3) T30 23 504 
Total eue UL Colts t Mes: 448 12,415 661 15,734 
"Revised. 
! Lease than 1/2 unit. 


Source: Bureau of the Census. 


Table 11.—U.S. exports of tungsten and tungsten alloy powder, by country 


1984 1985 
Gross Tungsten Gross Tungsten 
Country em content? ue mehr content! Kai 
metric (metric metric (metric 
tons) tons) sands) tons) tons) sands) 
Australia |... ek 7 6 3121 tc EN 
Autre 23 19 400 23 19 $525 
Belgium-Luxembourg. - - ---------- 5 4 109 6 5 135 
Bratil.. 2-22: TH 3 61 5 4 129 
C7777 eege 20 16 491 17 14 486 
Finland _________________-_-_ 4 6 5 112 
Germany, Federal Republic ob = Dp a 121 97 2] 
See 1 
Israel oi Sa ee 520 416 8,880 1,172 937 21,567 
Italy- a ee 8 (?) (?) 4 3 260 
Japan EEN 61 49 1,834 12 10 496 
México — EE 2 7 5 179 
Netherlanddss 242 193 2,218 338 270 4,443 
Singapore 3 6 4 101 
Switzerland. e 1 1 62 21 17 222 
United Kingdom 23 18 279 15 12 385 
"UTE 8 T4 13 197 57 46 1.193 
1P1J%§˙ĩ³Ü 1.020 816 17,329 1,811 1,449 83.331 
Tungsten content estimated by multiplying gross weight by 0.80. 
Lees than 1/2 unit. 


Source: Bureau of the Census. 
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Table 12.—U.S. exports of miscellaneous tungsten-bearing materials 


1984 1985 
Product and country content Value content 
(metric (thou- (metrie (ton 
tons) sands) tons) sands) 
and tungsten alloy wire 
DUM TEL Tr PP 1 (3) $200 
Brażil- 222-2 eu ee Se ee eee 1 1,161 5 879 
Canadá. eom Reo A e qe teen ees 19 3,179 22 3.561 
357 8 ME o 19 
rmany, Federal Republic aannnnnnnnn”nnnnnnnnnnn”nnnnnnn ; 
Hong Kenn ð ᷣ Eme 1 108 1 209 
II ccc d Late o cnt QE E ac EE 8 261 8 355 
e J 2 481 2 339 
))) E De As Re eae nie ales E 9 1,229 4 916 
Korea, bree: Pic G)...“ ETE E tae 2 297 3 339 
e EE 10 1,258 6 1248 
Poland 32 CDS RP on Eee 3 201 1 118 
E np ED REI EE E AO. 1 155 2 181 
! ³ —GfkfGGGGG00ſ00ſ vA 8 6 446 Te M 
United Kingdom -` ~ - - - - - ----- ---------------- 2 506 3 689 
JJ ⁵ ] ⁵ ⁵ ⁵ a Shearer wees cree S 2 71,019 8 1,106 
Total M" ——Á— S 77 12,437 62 11,988 
P61᷑n and alley inicrude EE ; 8 
Aue JJ ³ EH 77 $47 1 48; 
Belgian Lebens ———————— y — E 128 1,106 56 45 
E p ⁵ð dd ⁵V0¾w ae Se Se 28 33 55 
— —— ffn EARN 1 OC) 4 
Germany, Federal Republic o... 219 1,611 281 2,099 
G ˙àAA!!ͤãͤãĩ2;w ocu Qe p LE 1 30 Boc x» 
/ 22 menus ut EE 50 987 1 29 
/ ee ĩ d aN E LUE 1 130 2 A 
TT EE NS PR 13 16 
Ci!!! x Ee 1 11 (È) 18 
A erand Ee 28 221 301 
Baud Arabia .—— om eee cv ac uL 1 14 2 
South Africa, p ß 26 602 em = 
United Kingdom LL LLL LLL IIZI III 2 856 13 m 
ni DEC S neo aud iL Li LUE LL rt 
U...... eee mt ß EE 1 122 1 12 
S ͥͥ ⁰ r A —ÉO— Sl 606 5,899 514 4330 
Other metal 
ECC ³o AAA 2 202 1 183 
AUSTR. i ah ks bec ree Ee a i e 1 17 * 9 
J%Jõõõĩr...k.k.õ.˖v⁵rñ ⁰dyms 8 2 1,692 29 2,008 
gll. MeL LR MOST 5 2 668 
Germany, Federal Republic o... 30 1,178 15 1,275 
ie) GENEE 10 1 $19 Ge 154 
apan: usu e ; 
Net 8 260 4 637 
Netherlands... e Ge 9 17 
GA el aah 8 106 NI 6 
South Africa, Republic o... us aris 8 al 
)) ee Peer eh rS ERES 1 49 * 4 
Switzerland e UI eR ee 6 805 1 wi 
JE11̃ĩ˙¾-mᷣ̃ ⅛˙0Ü ]ͤ ßß ea mt Se 2 150 1 103 
United Kingdom JJ. . 16 1.277 9 1273 
n 1 31 (1) 3 
‘Other n Pn ³⁰³-w. a dotes ae se el ays E 2 309 1 536 
Total cce runc tci es ey es Bo 112 8,108 89 9.798 
Other tungsten compounds: 
zii d oe ee p c d o oi 2 77 NM 2) 
Belgium-Luxembourg k EE (1) (1) 3 e 
CPC ⁵ ⅛ůwU......d 8 2 34 4 18 
E TTT p ñ a eee aay LEE 8 280 1 E 
Lë, TE EE P 8 4 52 
La EE 6 152 21 14 
Germany, Federal Republic o... 4 78 2 12$ 
Hit s dd Ema d 19 60 PEN Eod 
Gl eir eee (5 16 1 e 
Ü ZZZ E RE 6 148 2 87 
J/ö§.õ ee ñ]ð•dß k y 8 75 1,340 1 3 
Italy AE DE e E 2 91 2 10˙ 
Japan- « xß eu ee 10 201 5 177 


See ſootnotes at end of table. 
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Table 12.—U.S. exports of miscellaneous tungsten-bearing materials —Continued 


1984 1985 
Product and country content Value — Value 
(metric — (metric — 
tons) tons) 
Other tungsten compounds —Continued 
Bde NOE WE Liu ee de ai pa n tpe ett en dé (!) $2 54 $117 
"TT i ¹ eꝛjnm Suc i mm EE ee 13 243 84 605 
TT" RS ARTES ER ER FUGERE inn Tct ae ee, GE 790 33 548 
SN ² ̃ͤ A.. E tiia e EE 1 : E 8 299 
PCC EO E en AAA ces ee 
— SS. ] -A E EES es 1 25 1 172 
Li ` ` EE EE EE 1 24 8 SA 
JJ). w AA EE gue 1 72 3 110 
PP EE ee oe a PES 220 3,977 235 8,198 
"Revised. 
!Less than 1/2 unit. 
Source: Bureau of the Census. 


Table 13.—U.S. imports for consumption of tungsten ore and concentrate, by country 


1984 1985 

Country —.— Value content Value 

(metric It. (metrie (thou. 

tons) tons) sands) 
TT HT RE UCM T, SPI ²˙ AA SEN AAS MUT JT 133 $1,166 414 $3,107 
RE Ep ERBEN DS ip ERIE NE Pe 1,302 12,694 627 5,270 
| EEE RA S ei A Da oa OH Te TL eRe Ce 149 1 69 503 
DPT ⁰ WAA MM AA AUC TUR PIRA eee EE 841 55 643 
T TE EE E ye re ene 1,464 12,645 1,871 10,364 
.d dem dcm ³˙·—w˙ . w ĩᷣ 288 9 161 = ANS 
T ISIE EE HEE > ———. CHER $1 221 558 3,391 
CFF... ˙ A 7ĩ ˙• ÜÜ˙O . eg 16 140 4 36 
Germany, Federal Republic c“ zg eg 24 218 
MED Sa ie ceca EE WE M o do C aia asi 10 92 ‘athe 5 
NU ᷣ n ͤ ß A ³ꝛ . s . Sedi ret 16 98 shies We? 
EE EE 25 214 12 167 
BENE. A o E mim ³ -V · E 196 1,610 183 1,825 
oa. i ct HN D E, SIEGEN IU Ee 605 5,258 282 2,093 
e H NEE ET CECI eee er ee Tee? 606 5,504 555 4,525 
TT PERTENECER cde wo) ay cle nah clo das tena ve 6 55 9 76 
P / TT:: AA 13 90 87 797 
„JJ ⁵⅛ꝛn ᷣͤ K ³»W.¹.A A Mag ne ere 220 11 124 
JJ —„ !!!!!! EE ee 774 7,088 472 8,948 
duis Tiet 25 114 e ss 

O PEN NEN EEEE WE Ee EE EE Gb ax M 
075 EEE TELE ORE DY EL ie» e 13 124 
MONO AAA ⁵˙ AA ¾ 5 atk a use dk OR AUD ek aaa 6 "Pen FSK 
U... a nta COE ⁰¹ 0A ⁰¹·¹ -m gn Seah iiid a 5,807 51,715 4,746 86,706 
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Table 14.—U.S. imports for consumption of ammonium tungstate, by country 


1984 1985 
Tungsten Tungsten 


tons) 

Australia EE 44 $466 =a 
e C C Cc 120 8,215 1,126 $13,229 
Germany, Federal Republic of UU— „ 26 397 
IIIb ee ee ee et C 24 235 63 1240 
Korea, Republico[ Lune Ennius 356 8,999 116 1,391 
Netherlands — ------------------------------—— 2 42 si P 
ITI ⁰—ͤu TT. Sie se 182 
United Kingdom- ~~ ~~ ee (3) (3) 1 19 

Ji) Nor a) tt a ee 1,172 13,414 1,351 16,460 

Lees than 1/2 unit. 


Source: Bureau of the Census. 


Table 15.—U.S. imports for consumption of ferrotungsten, by country 


1984 1985 

Country content Value content Value 

(metric (thou- ( : (thou- 

tona) sands) tons) sands! 
E» ]ĩꝛ˙m; ñ ͤé : y -:-; :; 93 31.135 27 $263 
! ncc et es te 26 319 c. t 
LOL EN EE ay Pe eal PE ae aes Ee 8 90 219 
FFI ³oW¹¹¹. an RE NC ERECTO eee 10 115 C En 
Germany, Federal Republic oſfſ— „ 38 425 1 12 
Netherlands `... 8 92 Gs ene 
Portugal... nonc oc a eee eei pa 65 803 41 435 
Swèden EE? 32 369 2 2 
United Kingdom -` ~- - - - 2. ~~~ -22222222222222 5 12 E T" 
TOM A occum mee Se eee ea i. rerit: 285 8,420 93 951 


Source: Bureau of the Census. 
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Table 16.—U.S. imports for consumption of miscellaneous tungsten-bearing materials 


Product and country 


Other metal-bearing materials in chief value of tungsten: 


Waste and scrap con over 50% 
redire p containing tungsten: 
Belgium-Luxembourg 

ada 


| 
— —— — mm mm mm zm mm mm oco ee mmm mm 


United Arab Emirates 
United Kingdom 


Es E 


Unwrought tungsten, other? 


— ——m rm rm rm mm mm mm mm — — 


—— — mm — —— mm mn e en rem mm rm em mm —ũ ; e —— mm 


—— — — — — em mm em — mm mmm mm rm mm M M M : e e mm rm em rn mm e mm 
— em em em e — mm em mm mm mm mm rm em em mm d 
—— em e rr — — — mm mr rm mmm mm mn mmm mm „ 
LI wm wm wm mn mm zm mm —— mm mm e — wm oe 
mm wm mm mm mm mmm — — — ! mm mm mn mm mm vm PPP 


:!: Ed EE 
United Kingdom 
Other 


— e ee ee mm mm mm mn — ——! ee mm mm mm mm om e —3᷑ 


— mm mm mn S rm D oos. mm mmm mm vm mm mm mn mm rn mm mm e mm mm 2 


— rs mm o mm rm LS LS — em — ſ——ʒ———''ſ em ———ꝛ mm . —— 2 


See footnotes at end of table. 


1984 1985 
Tungsten Tungsten 
content Lan Content Ee 
(metric conde) (metric Vers 
tons) tons) 
AL "T 4 $24 
"v ER 82 220 
SES 2 36 244 
1 $5 1 5 
3 80 (7) x 
9 44 - 
13 135 E d we 
IW 3 1 T 
26 217 2 20 
2 23 (!) 5 
4 35 2 24 
35 359 23 253 
18 206 21 231 
14 148 5 44 
240 2,526 27 378 
496 5,716 331 3,550 
6 102 15 231 
1 9 10 106 
131 782 125 617 
29 636 19 394 
12 122 15 166 
48 518 12 142 
2 31 6 82 
18 101 "A "A 
2 17 Ke Pë 
104 898 20 242 
1,162 12,229 631 6,471 
4 50 1 42 
— iam 5 45 
14 431 17 461 
3 T9 3 122 
3 47 9 174 
2 40 5 37 
(?) 21 2 44 
26 668 42 925 
(!) 5 2 45 
(7) 25 1 45 
14 190 (!) 17 
6 368 2 149 
38 160 3 184 
19 425 17 365 
1 25 eti ae 
(3) 31 NM 12 
78 1,799 26 727 
7 542 9 987 
12 932 6 501 
4 28 OI 110 
inte o 11 390 
9 1.788 25 2,853 
1 61 2 171 
r5 1402 3 222 
38 3,753 56 5,234 
192 1,742 158 1,148 
1 10 WM 1 
198 1,752 158 1,149 
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Table 16.—U.S. imports for consumption of miscellaneous tungsten-bearing materials 
—Continued 


1984 1985 
Product and country hei aum * content Mota 
(metri : 
tons) sands) pad d sands) 
Calcium tungstate: 
Germany, Federal Republic o.. 6 $236 5 $155 
77): ULL A ee o bu y 1 81 NI 2 
————ÉR— EERE 7 267 5 182 
Potassium tungstatſ «4441 „„ SE E 2 4 
Sodium tungstate: 
TT e Tc z E 131 1,181 
Germany, Federal Republic oi... (7) 4 
50h; EE E -- 17 26 
Total. ao do c ½:œ ͤ̃r˙7˙Xbn. 7˙ .... . ( 4 150 1.221 
Tu carbide: 
JJ. ⁵ 0 2 24 (*) 7 
EE EMEN 1 31 4 115 
Belgium Luxembourg... 83 921 $7 1,075 
Ee 2 74 1 29 
EE 4 98 50 1,020 
Germany, Federal Republic oi... 317 6,551 257 5125 
pin ooo ee eee M RERUPER 2 53 (2?) 6 
Korea, Republic . 47 TT9 89 101 
th Africa, Republic oll) 1 1 ee Si 
United Kingdom... - - -- - -- -- -- ---------------- 42 695 31 495 
M aD UO E TE ⁵(u ²mw; 8 (?) 6 3 75 
CTP na ee Steel Bot 451 9,233 422 9.255 
Other tungsten compounds: 
—Á——— T — 1 83 2) 13 
CHING) NN EM za 256 
LUE ⁊ d anes acuario i aie (3) 18 () 3 
JJ ⁰¹A a tt alee 1 51 20 so? 
Mixtures, organic compounds: chief value in tungsten 
EE 28 51 RON ges 
reen ¼ 14 7118 7 22 
f / A 32 169 1 2 
Revised. 
‘Leas than 1/2 unit. 
*Estimated from reported gross weight. 


Source: Bureau of the Census. 
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Table 17.—U.S. import duties on tungsten | 


Rate of duty effective Jan. 1, 1985 


TSUS Item 
No. Most favored nation (MFN) Non-MFN 
601.54 Tungsten ore. - ------------------ 17 cents per pound on . 50 cents per pound on 
tungsten content. tungsten content. 
603.45 Other metal-bearing materials in chief value 10 cents per pound on 60 cents per pound on 
of tungsten. tungsten content and tungsten content and 
4.8% ad valorem. 40% ad valorem. 
606.48 Ferrotu n and ferrosilicon tungsten 6.9% ad valorem... ..- 35% ad valorem. 
629. Waste and scrap containing by weight not 5.6% ad valorem 50% ad valorem. 
over 50% tungsten. 
629.26 Waste and scrap containing by weight over 4.2% ad valoree mm Do. 
50% tungsten. 
629.28 Unwrought tungsten, except alloys, in lumps, 12.1% ad valorem |... 58% ad valorem. 
grains, and powders. 
629.29 Unwrought tungsten, in and shot. 7.5% ad valoremm 50% ad valorem. 
629.30 Unwrought tungsten, other .6% ad valorem... 60% ad valorem. 
629.32 Unwrought tungsten, alloys, containing 5.3% ad valor em 35.5% ad valorem. 
by weight not over 50% tu n. 
629.33 Unwrought tungsten, alloys, containing 8.6% ad valorem . — — — 60% ad valorem. 
by weight over 50% tungsten. 
629.35 Wrought tu Beet oe ee eee 8.0% ad valorem Do. 
416.40 Tungstic acid... c 11.6% ad valorem ...... 55% ad valorem. 
411.40 Ammonium tungstate __._._...----- 10.8% ad valorem .....- 49.5% ad valorem. 
418.30 Calcium tungstate. - - - ------------- 10.3% ad valorem ...... 43.5% ad valorem. 
420.32 Potassium tungstate A -. 13.8% ad valorem 50.5% ad valorem. 
421.56 Sodium tungstatt k 10.7% ad valorem . 46.5% ad valorem. 
422.40 Tungsten carbide -~ ---------------- 11.5% ad valorem — _ _ ~~~ 55.5% ad valorem. 
422.42 Other tungsten compounds 10.5% ad valorem ...... 45.5% ad valorem. 
423.92 Mixtures of two or more ino ic „ AA Do. 
compounds in chief value of tungsten. 
WORLD REVIEW 


The Committee on Tungsten (COT) of the 
United Nations Conference on Trade and 
Development held a meeting in Geneva, 
Switzerland, during November in an effort 
to resolve a 22-year deadlock between pro- 
ducing and consuming countries concerning 
the stabilization of the world tungsten mar- 
ket. No agreement was reached by COT, but 
a sessional working group reviewed and 
assessed the current market situation and 
short-term outlook. Recommendations were 
made to complete studies of the scrap recy- 
cling industry in Japan and the United 
States, and to update previous studies on 
pricing indicators and trade in intermediate 
products. 

Australia.—The two main mines in 
Australia, the King Island scheelite mine of 
Peko-Wallsend Ltd. and the Mount Carbine 
Mine of Wolfram Pty. Ltd., produced at 
about 50% of capacity each because of 
depressed world tungsten prices. Five of the 
six smaller Australian mines remained 
closed. 

Canada.—The mine and mill operated by 
Canada Tungsten Mining Corp. Ltd. at 
Tungsten, Northwest Territories, produced 
2,949 tons of tungsten in concentrate, the 
most from the mine since 1980 and the most 
of any mine in the market economy coun- 


tries during 1985. Its shipments were 2,740 
tons. Production capacity is 3,500 tons per 
year. Ore reserves at a grade of 1.24% 
totaled 14,000 tons at yearend. A large 
amount of lower grade ore is also present. 

The Mount Pleasant tungsten-molyb- 
denum mine and mill, in Charlotte County, 
New Brunswick, operated at a reduced ca- 
pacity until it was forced to close in July 
because of depressed tungsten prices. The 
joint venture between Billiton Canada Ltd. 
and Brunswick Tin Mines Ltd. had an 
annual production capacity of 1,500 tons of 
tungsten in concentrate and 600 tons of 
molybdenite (MoS,) from a 2,000-ton-per- 
day mill. Minable ore reserves were placed 
at 25,000 tons of tungsten in ore, grading 
0.39% WO, and 0.204% MoS,. 

At yearend, AMAX through its subsid- 
iary, AMAX of Canada Ltd., continued to 
delay development of the MacTung tung- 
sten deposit near MacMillan Pass along the 
Yukon-Northwest Territories boundary un- 
til world tungsten market conditions im- 
proved. Reserves were placed at 57 million 
tons of ore, grading 0.95% WO; or 430,000 
tons of tungsten, the largest known deposit 
in the market economy countries. 


1Physical scientist, Division of Ferrous Metals. 
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Table 18.—Tungsten: World concentrate production, by country' 


(Metric tons of tungsten content) 

Country 1981 1982 1983 19849 1985 
Aieniinins Se ee 11 17 37 96 
RE LTE 3,517 2,618 2,015 1.772 1,912 
Austria donc e uoles ee m Lr 71,616 71,465 1,408 1,632 1.565 
II zs Rasa %⅛³ 2,119 2,534 2,449 1,893 1,551 
Ill ⁰ 8 1.576 11.524 1,026 1,087 1.175 
Burma demas ↄↄ A 25 844 1,096 945 
Canada `- 1,993 2,842 328 3.715 3.100 
China ³ꝛ¹¹1] ˙•ma 7ð— md a 13,500 12,500 12,500 13,500 15.000 
Czechoslovakia 50 50 50 50 50 
7 ocu uc ut xu 591 121 832 T96 *100 
III... eL EE 18 25 15 21 2 
JBpal mo / ͤ te du 8 631 604 415 4Tl 526 
Korea, North 2,200 2,200 500 1,000 1,000 
Korea, Republic of... 2,739 2,420 2,480 2,702 2.572 
MalaysiagaiKn. nn 35 43 81 25 *30 
Ä ee ee Re ale T8 263 194 186 214 291 
Mf ³ðV6WWsW E 1.000 1.500 1.500 1.500 1,500 

ew Zealand_______________ ___ 2l2l 1 7 5 
Eege 521 1692 123 154 870 
Pert, ec NE eie 1,395 1,358 1,183 1,493 1.751 
Rwanda d oe eee 281 324 281 310 
JJVö§ÜO(é e ⁊ð 8 437 545 517 565 530 
Sr... 8 312 268 365 S23 
§ͤ§ĩ¹? 1.209 855 562 141 5586 
Türkey ———— oae ic cute o ee ieee 153 150 325 350 350 
Uganda EE 1 4 4 *4 "i 
USSRU e uc ee 8 8,850 9,000 9,100 9,100 9.200 
United Kingdom- ~- -- -------------------- 50 ue =a — em 
United Stats 3,605 1,521 980 1.203 996 
/); cL ³ ³ A C 46 38 44 30 18 
Zimbabwe. e *55 62 15 29 10 

7777õÄ˙ð ⅛˙. A 150, 269 146,921 40.821 46,478 46,989 


*Estimated. Preliminary. "Revised. 
1Table includes data available through Aug. 8, 1986. 
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Table 19.—Tungsten: World concentrate consumption, by country! 


(Metric tons of tungsten content) 
Country? 1981 1982 1983 1984P 1985¢ 
Reported consumption 
NU p oes eat ee 100 145 160 *100 100 
(/ eae Re itum ee ee 1,850 1,304 1,629 2,096 2,000 
ek TE TEE 21 18 15 12 12 
eee cuia c m ae P Edi e Am ee eae T663 1653 520 730 500 
"NIORT ET nm hee 2.238 1,826 1,977 2,302 2,500 
Korea, Republic oo: „„ 71,898 71,7142 1,555 2,070 2,048 
. ³ĩðVẽ——j ⁰⁰ʒ eee Se 40 19 22 261 50 
Portugal d ek 227 183 174 159 150 
Sweden usu Loa mie mm elec ewe eee 1,432 994 174 784 800 
United Kingdom. -~ - P - -- ---------------- 879 T660 560 610 600 
United States `... „„ 9,839 4,506 5,181 8,577 46,838 
Apparent consumption:* 
M 20 29 41 *30 30 
Belgium-Luxembourg --------------------- 9 *9 *10 142 200 
Brasil era mca e ire 480 454 450 593 550 
Bulgaria? $... 100 100 100 100 100 
f EE 75,500 76.000 6,500 7,000 7,500 
Czechoslovakia __-___________.________ _-- 1,300 1,300 1,300 1,300 1,300 
German Democratic Republicc0Cc 270 270 250 270 270 
Germany, Federal Republic oL. 2n ee iene 1,348 1 ¿541 2,030 3,934 2,000 
Hübgary uin eeu e uu 8 600 400 400 500 500 
. cu S Uu td Ed 459 454 *400 *400 400 
;ö·Üẽ ˙—ͥh⁰ ͥ k et LE 40 40 27 78 100 
Korea, North? ? PTT TTT“ 1,600 1,600 1,000 1,000 1,000 
Netherlands 400 300 300 400 
ö; . 427 1.312 1.073 594 1.000 
South Africa, Republic o)) 250 250 250 250 250 
EE "96 16] 107 80 100 
. ·¹Ü 1A ee ne ceci e 15,900 15,900 15,900 16,000 16,000 
%% % AAA S dE 147,986 742, 170 42,705 50.072 47.298 


Estimated. Preliminary. Revised. 

iSource, unless otherwise specified, is the Quarterly Bulletin of the UNCTAD Committee on Tungsten: Tungsten 
Statistics. V. 20, No. 1, Jan. 1986. 

?[n addition to the countries listed, Denmark, Finland. Israel, Norway, Romania, Switzerland, and Yugoslavia may 
consume small amounts of tungsten concentrate, but consumption levels are not reported, and available general 
information i is inadequate to permit formulation of reliable estimates of consumption levels. 

Estimated by the Bureau of Mines. 
Reported figure. 

sie plus imports minus exports. For a few countries where data were available, variations in stocks were used 

in determining consumption. 
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Vanadium 


By Peter H. Kuck! 


For much of the vanadium industry in 
the market economy countries, 1985 was a 


African rand against the U.S. dollar permit- 
ted Highveld Steel and Vanadium Corp. 
Ltd. and Transvaal Alloys Pty. Ltd. to 
escape most of the upheaval. Highveld com- 
missioned its second iron plant in July and 
strengthened its position as the leading 
producer of vanadium in the face of domes- 
tic economic and political difficulties. 

In July 1984, Union Carbide Corp. an- 
nounced that it wanted to sell its Umetco 
Minerals Corp. subsidiary as pert of its 
corporate restructuring program but was 
unable to find anyone willing to buy the 
entire operation. At the end of 1985, Union 
Carbide, faced with a hostile takeover bid 
from GAF Corp., decided to sell Umetco in 
parts. General Mining Union Corp. Ltd. 
(Gencor) agreed to purchase Umetco's chro- 
mium interests in the Republic of South 
Africa, while a Umetco employee group 


Table 1.—Salient vanadium statistics 
(Short tons of contained vanadium unless otherwise specified) 


1981 1982 1968 1984 1986 
United States: 

Ore and concentrate: 
wanadium’__________________ 5,126 4,098 2,171 1,617 W 
Valus... --------- ur thousands . $71,496 $90,015 1 Ww 
Vanadium oxides recovered oe... 6,968 4,901 2,488 2, Ww 
Vanadium oxides from petroleum residue*.. _ _ 1,900 1,513 898 71,701 2,695 
Ee E nee eec dS UNDE 6,868 8,496 3.277 4.761 4,888 
(gross weiht 435 826 775 469 454 
KEE vw 1 268 2472 BST 
ge EE FFC 61 361 95 805 $22 
Ferrovanadium (gross weht v 1,296 856 846 1,461 * 
Ores, slags, residues sss 2,485 1,112 58 633 808 
Vanadium pentoxide, anhydride  . . . ----------- 854 129 408 149 68 
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took steps to acquire the subsidiary's vana- 
dium and tungsten assets in the United 
States. These latter assets included the 
vanadium mill and open pit mine at Hot 
Springs, AR; the underground tungsten 
mines at Bishop, CA, and Tempiute, NV; 
and the vanadium and tungstan processing 
facility at Niagara Falls, NY. The employee 
group also wanted to purchase the vana- 
dium mine and mill near Brits in the South 
African Transvaal Province. Gencor, Union 
Carbide's joint venture partner in Tubatse 
Ferrochrome (Pty. Ltd. would acquire 
Umetco's 49% interest in Jagdlust Chrome 
Co. (Pty.) Ltd., Chrometco Minerals (Pty.) 
Ltd., and Chrome Corp. (South Africa) (Pty.) 
Ltd. The purchase of these South African 
operations would make Gencor a major 
force in the international ferroalloys indus- 
try, rivaling Middleburg Steel & Alloys 
Holdings (Pty. Ltd. as one of the world's 
major ferrochromium producers. Union 
Carbide was negotiating with other organi- 
zations for the purchase of Umetco's tung- 
sten interests in Brazil and Portugal, as 
well as its chromium mines and smelter in 
Zimbabwe 


In the United States, the beleaguered 
vanadium industry was completing a major 
restructuring in order to better compete in 
international markets against products de- 
rived from Chinese and South African mag- 
petite Ce. O) ores. The restructuring was 
triggered by (1) the sharp decline in ferrova- 
nadium consumption by U.S. steel produc- 
ers during the 1982-83 recession, and (2) 
continuing depressed prices for coproduct 
uranium oxide. Umetco resumed full pro- 
duction of vanadium oxides at its Hot 
Springs mill in Arkansas to compensate for 
the shutdown of its uranium-vanadium op- 
erations on the Colorado Plateau. Atlas 
Corp., however, kept its Moab uranium- 
vanadium mill in Utah on standby and 
switched resources to the company's gold 
operations in Nevada. The uranium-vana- 
dium industry was at a complete standstill 
throughout the first 8 months of 1985 be- 
cause of the lowest spot market prices for 
yellowcake (natural U;O, concentrate) in 
more than a decade. Only 43 uranium 
mines on the Colorado Plateau reported ac- 
tivity in 1985, compared with 198 mines in 
1980. Several of the larger shippers in 1985 
mined high-grade uraninite deposits with 
no significant vanadium mineralization. 

The weak and slow recovery of the U.S. 
Steel industry gave only minimal encour- 
agement to the remaining hard-pressed pro- 
ducers and converters of vanadium oxides. 
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The decelerating rise in ferrovanadium con- 
sumption represented a modest recovery 
from the 20-year low of 1983, rather than an 
overly optimistic outlook for the vanadium 
Sms? Some ferrovanadium consumers 

remained concerned about the deteriorating 
sociopolitical situation in the Republic of 
South Africa. The first purchases of vana- 
dium materials since 1961 for the National 
Defense Stockpile (NDS) were completed in 
August 1985. 

Domestic Data Coverage.—Domestic pro- 
duction data for vanadium are developed by 
the Bureau of Mines from four voluntary 
surveys of U.S. mills and processing facili- 
ties. Of the 18 plants or mills canvassed in 
1985, 17 responded. Supplemental informa- 


um-bearing ores i 
1984, compered with 35 in 1983 ndn more 
than 55 in 1982. In 1984, 26 uranium-vane- 
dium mines on the Colorado Plateau perme- 
nently closed or were placed on standby 
F 


1988 to upgrade and increase the stocks of 
vanadium materials held in the NDS was 
slowed by growing budgetary restrictions. 
The NDS goals of 1,000 short tons of vana- 
dium contained in ferrovanadium and 7,700 
tons of vanadium contained in V,O, remain- 
ed in effect throughout the year. These 
goals were established by GSA on May 1, 
1980. 

Contracts for a total of 180 tons of vana- 
dium contained in pentoxide meeting Grade 
À purchase specifications were awarded to 
Gulf Chemical & Metallurgical Co. in 1983 
and to Umetco in 1984. Grade A material 
must contain at least 98.0% V. O. by weight 
on a dry basis and have a total alkali con- 
tent of less than 0.7596. The grade is intend- 
ed to be used as feed material for ferrovana- 
dium conversion plants. The last lots, which 
contained 79 tons of vanadium, were accept- 
ed by GSA in August, bringing total re 
ceipts for 1985 to 112 tons. This completed 
the first large-ecale acquisition of vanadium 
materials by the U.S. Government since the 
former Atomic Energy Commission halted 
its vanadium credits p in 1962. 

As of December 31, 1985, the U.S. Govern- 
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ment inventory consisted of 721 tons of that continued closure of the plateau mines 
contained vanadium in the form of V. O. i 

However, the 541 tons in the inventory that imports of vanadium from China and the 
were purchased between 1947 and 1955 Republic of South Africa. In conjunction 
contain excessive amounts of alkali and with this finding, the Secretary (1) author- 


The Interagency Working Group was ed uranium into the enrichment Planta, and 
established in 1982 to und quality (3) asked the US. Trade Representative to 
asseesment studies mandated by the Na- carry out a 3-month study of uranium 
tional Materials and Minerals Policy, Re- imports and their effect on the domestic 
search and Development Act of 1980. Both uranium industry. According to the DOE 
the National Academy of Sciences and the Energy Information Administration, urani- 
American Society for Metals (ASM) were um imports totaled 16.4 million pounds of 
advising the group. All of the stockpile U,0, in 1985, compared with 12.5 million 
purchase specifications and special instruc- pounds in 1984 and only 8.2 million pounds 
tions pertaining to vanadium were still in 1983. Reported utility enrichment feed 
being reviewed in 1985 by the Interagency deliveries in 1984 were 20.6 million pounds 
Working Group. A joint industry and Gov- of U:O.* Unless current trends are re- 
ernment panel was formed by the U.S. versed, uranium imports could account for 

t of Commerce and ASM in more than 65% of all U.S. requirements by 
December 1984 to specifically assess the 1990. The US. Trade Representative's 
quality of the V,O, held in the NDS and was still in progress at the end of 1985. 
recommend other suitable forms of vana- Environmental concerns about the stabi- 
dium for future acquisition. lization and long-term control of uranium- 

On July 8, the President approved Na- vanadium mill tailings continued to attract 


Council 

tions for modernizing the strategic and States. At least three Federal agencies, a 
critical materials stockpile. Under the NSC variety of State regulatory agencies, and 
Proposal, the stockpile would be structured most mill operators on the Colorado Pla- 
into two tiers. Tier I would contain materi- teau were involved in tailings stabilization 
als required by military, industrial, and Projects, environmental hearings, and/or 

essential civilian users during a military lengthy litigation. 
conflict, which would not be available from The Environmental Protection Agency 
ic or reliable foreign sources. Tier II (EPA), the American Mining Congress, and 
would contain a supplemental reserve of the Environmental Defense Fund remained 
material already possessed by the Govern- locked in litigation over EPA's final stand- 
ment. According to the NSC guidelines, ards governing the long-term disposal of 
vanadium would be categorized in tier II uranium mill tailings. EPA issued the 
and the existing goal would be lowered to standards in late 1983 under the authority 
721 tons of vanadium metal equivalent. At of the Uranium Mill Tailings Radiation 
yearend, this proposal was under consider- Control Act of 1978 (Public Law 95-604). To 
ation by the Congress. The Department of help alleviate this situation, the Nuclear 
Defense Authorization Act, 1986 (Public Regulatory Commission (NRC) amended its 
Law 99-145), signed by the President on existing regulations governing the disposal 
November 8, 1985, stated that no action of uranium mill tailings so that they now 
may be taken before October 1, 1986, to conform with the 1983 standards (40 CFR, 
implement or administer any reduction ina part 192) issued by the EPA. Under the 
stockpile goal in effect on October 1, 1984. revised regulations (10 CFR, parts 40 and 
On September 25, the Secretary of Energy 50), the earlier requirement for a minimum 
made a formal finding that the domestic of 3 meters of cover over mill tailings to 
uranium mining and milling industry was limit dispersal of radon has been replaced 
not viable in 1984. A significant fraction of by the EPA’s more stringent standards for 
the vanadium produced in the United longevity and radon control. The new NRC 
States since 1950 has been a coproduct or rules require that permanent mill tailings 
byproduct of the uranium mined on the and waste disposal areas be designed so that 
Colorado Plateau. Some analysts warned they provide reasonable assurance of con- 
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trol of radiological hazards for 1,000 years, 
to the extent reasonably achievable, and, in 
any case, for at least 200 years. The design 
must also provide reasonable assurance 
that releases of radon from the tailings to 
the atmosphere will not exceed an average 
of 20 picocuries per square meter per sec- 
ond. The new regulations, which took effect 
on November 15, should eliminate some of 
the legal inconsistencies and jurisdictional 
conflicts that have handicapped uranium- 
vanadium mill operators on the Colorado 
Plateau and should simplify long-range 
planning for the hard-pressed industry. 

In early February, the families of 24 
miners who developed cancer after working 
in southern Utah uranium mines were 
awarded almost $2 million in partial settle- 
ment of a court suit against Foote Mineral 
Co. of Exton, PA. The miners worked at the 
Vanadium Corp. of America (VCA) oper- 
ations near Marysvale, UT, from 1949 to 
1968. VCA was merged into Foote Miner- 
al in 1967. Negligence claims were also 
brought against the Federal Government, 
which inspected the mines where high lev- 
els of radon-222 gas and its radioactive 
daughter products were observed. The 
plaintiffs held that the Government failed 
to warn the miners of the radiation dangers 
in the poorly ventilated uranium mines. 
However, a U.S. District Court judge ruled 
on July 1, 1985, that the Federal Govern- 
ment was immune from the claims of the 
Marysvale miners. 

As of December 31, the Colorado Depart- 
ment of Health was still considering wheth- 
er to grant Umetco a license permitting 
construction of a new tailings impoundment 
and disposal facility for the company’s 
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uranium-vanadium mill at Uravan, 
The proposed disposal site would be 
Spring Creek Mesa along the eastern side of 
the San Miguel River opposite Uravan. The 
licensing process has been complicated by 
an environmental! suit brought by the State 
of Colorado against Umetco under the Re- 
source Conservation and Recovery Act of 
1976 (Public Law 94-580). Under an agree- 
ment signed with the Colorado Water Con- 
trol Division in 1981, Umetco was required 
to halt its mill discharges into the existing 
ponds at Uravan by July 1, 1985. Extensive 
hearings on the tailings pond license and 
related environmental matters were held 
during the fourth quarter of 1984 in the 
neighboring towns of Montrose and Nucla. 
Approval reportedly has been blocked by 
concerns over (1) the thickness of the pro- 
posed clay lining for the new disposal facili- 
ty, (2) protection of an apparently isolated 
pod of ground water beneath Spring Creek 
Mesa, and (8) the future reclamation of 
existing tailings piles at Uravan, some of 
which date back to the 1930's. Umetco was 
considering submitting a revised plan to the 
Colorado Department of Health that would 
allay specific concerns about potential 
ground water contamination. Umetco and 
the State of Colorado were exploring reme 
dial action to permanently stabilize and 
control the existing tailings sites. 

The Uravan mill was placed on standby 
in November 1984 because of the depressed 
uranium market. A month later, Umetco 
was forced to suspend vanadium recovery 
operations at its Rifle plant in Garfield 
County, CO. The Rifle plant depends upon 
the Uravan mill for its feedstocks of vana- 
dium liquor. 


DOMESTIC PRODUCTION 


Domestic production, expressed in terms 
of recovered vanadium, dropped back to the 
depressed level of 1983, the worst year for 
vanadium mining and milling operations 
since 1951. However, recoverable produc- 
tion, which represents receipts of ore and 

vanadium-bearing ferrophosphorus, was 
significantly higher than that of 1984. Ar- 
kansas was the leading producing State 
followed by Idaho. For the first time since 
1907, no vanadium was recovered from the 
uraniferous sandstone ores of the Colorado 
Plateau. All five mills in Colorado and Utah 
that had coproduct vanadium recovery cir- 
cuits were on standby during the first 8 
months of 1985 because of the continuing 


depressed price for yellowcake and increas- 
ed imports of uranium, both natural and 
enriched. Increased recovery of vanadium 
from petroleum residues, utility ash, and 
spent refinery catalysts partially compen- 
sated for the abnormally low level of domes- 
tic mine production. 

During the first half of 1985, Umetco 
expanded operations at its mine and mill 
complex in Garland County, AR, to compen- 
sate for the closure of most of its smaller 
uranium-vanadium mines in Colorado and 
Utah. The Hot Springs mill, which has an 
annual capacity of approximately 7,500 tons 
of V. O, equivalent, has traditionally used 
vanadiferous micaceous clays as its major 
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feed material. The clays are mined from 
four open pits in the Wilson Springs carbon- 
atite-alkalic igneous complex. In December, 
Umetco laid off 150 of 220 workers at the 
facility and suspended operations for at 
least 10 months because of high inventories. 
About 70 workers were retained to perform 
maintenance and upgrade the capabilities 
of the mill. 

V.,O, and ammonium  metavanadate 
(NH.VO,) were produced from vanadium- 
rich ferrophosphorus by Kerr-McGee Chem- 
ical Corp. at Soda Springs in Caribou Coun- 
ty, ID. Vanadium-rich ferrophosphorus is a 
byproduct of two elemental phosphorus 
plants in Idaho and one in Montana. In- 
creased demand for elemental phosphorus 
during the first half of 1985 led to a buildup 
of ferrophosphorus stocks in the two States. 

FMC Corp. and the Shoshone Bannock 
Indian Tribes agreed in August to expand 
the Gay phosphate mine in Bingham Coun- 
ty, ID, after 2-1/2 years of negotiations. The 
open pit mine, jointly operated by the J. R. 
Simplot Co. and FMC, is on the Fort Hall 
Indian Reservation about 30 miles north- 
east of Pocatello. The joint venture will be 
allowed to expand its mining operations 
into a 2,300-acre tract south of the present 
minesite in exchange for increased royalty 
payments to the tribes. Vanadium-bearing, 
furnace-grade phosphatic shale is being 
mined from the Meade Peak Member of 
the Permian Phosphoria Formation and 
shipped to FMC's electric furnaces west of 
Pocatello, where it is converted into elemen- 
tal phosphorus. The ferrophosphorus slags 
made at FMC's elemental phosphorus oper- 
ation have been a significant source of 
byproduct vanadium in recent years. 

Phosphatic shale for the electric furnaces 
operated by the Monsanto Industrial Chem- 
icals Co. at Soda Springs, ID, came from the 
company's nearby Henry Mine. Stauffer 
Chemical Co. shipped shale on the Union 
Pacific Railroad from its Wooley Valley 
Mine in Caribou County, ID, to its phospho- 
rus plant at Silver Bow, MT. 

all of the uranium-vanadium 
mines in the Uravan Mineral Belt of west- 
ern Colorado have been closed permanently 
or placed on standby as a result of the 1981- 
84 collapse of the domestic uranium ore 
market. Continued world overproduction of 
U. O., the downturn in nuclear powerplant 
construction, and the discovery of high- 
grade uraninite deposits in the Canadian 
Province of Saskatchewan and South Aus- 
tralia all helped drag the price of natural 
uranium to a 12-year low in terms of con- 
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stant dollars. The spot price of uranium 
concentrate (represented by Nuclear Ex- 
change Corp.’s exchange value) bottomed 
out in April at $14.25 per pound of U,O,, a 
drop of $26.50 from the early 1980 price of 
$40.75. By yearend 1985, the spot price of 
uranium concentrate had partially recov- 
ered, returning to $17.00 per pound. This 
partial recovery encouraged two mills to 
reopen. 

Cotter Corp. reopened its uranium-vana- 
dium mill at Canon City, CO, in September, 
recalling 64 employees. The facility had 
been closed since January 1985 because of 
the depressed price for yellowcake. Approx- 
imately 33 employees were retained at that 
time to maintain the mill in standby condi- 
tion, bringing present total employment to 
about 100. The mill has begun processing 
vanadium-poor, high-grade uraninite ore 
from the company's Schwartzwalder Mine, 
9 miles northwest of Golden in Jefferson 
County. However, Cotter has no immediate 
plans to reactivate its vanadium recovery 
circuit at Canon City. In the pest, feed 
liquors for the circuit have been produced 
from carnotite and tyuyamunite ores mined 
in the Uravan Mineral Belt. 

In Garfield County, Umetco continued to 
ship V. O. and NH. VO, from stocks at its 
Rifle upgrading plant. Vanadium recovery 
operations were suspended at Rifle in De- 
cember 1984 when vanadium liquor feed- 
stocks supplied by the company's uranium- 
vanadium mill at Uravan were exhausted. 
The Uravan mill has been on standby since 
November 1984. 

The White Mesa mill, a joint venture of 
Umetco (70%) and Energy Fuels Nuclear 
Inc. (30%), resumed operations on October 
1. The 2,000-ton-per-day facility, 6 miles 
south of Blanding, UT, had been on standby 
since January 1983. Energy Fuels is supply- 
ing the mill with high-grade uraninite ore 
from its Hacks Canyon No. 2, Hacks Canyon 
No. 3, and Pigeon Mines in the Arizona 
Strip. The three mines produced a total of 
175,000 tons of ore in 1985, averaging 0.60% 
U. O. A few small independent mining oper- 
ations in the Monticello, UT-Dove Creek, 
CO, area have also been shipping toll ores to 
White Mesa. Umetco is responsible for oper- 
ation of the mill and currently employs 103 
people, most of whom worked previously at 
either Blanding or the neighboring Umetco 
mill at Uravan, CO, which is still closed. 
White Mesa was scheduled to operate three 
full shifts per day, 7 days per week, until 
at least early 1987. The mill was expected 
to recover 5.7 million pounds of uranium 
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and 2.5 million pounds of vanadium from 
638,000 tons of ore between October 1985 
and January 1987. 

In a related action, Energy Fuels has 
agreed to supply the British Civilian Urani- 
um Procurement Organization with more 
than 3 million pounds of yellowcake over a 
10-year period starting in 1987. The new 
Kanab North Mine being developed by En- 
ergy Fuels in the Arizona Strip and the 
proposed Canyon Mine, south of the Grand 
Canyon near Tusayan, could provide White 
Mesa with additional uraninite. 

Atlas sold 1,028,000 pounds of V- O. in the 
12 months preceding June 30, 1985, ex- 
hausting its vanadium inventory. The com- 
pany kept its uranium-vanadium mill near 
Moab, UT, and its last three operating 
mines in San Juan County—the Pandora, 
the Velvet, and the Rim Columbus—on 
standby throughout all of 1985. However, 
the company stated that the mill and mines 
could be brought back into production with- 
in 6 to 8 weeks if the market for U,O, im- 
proved. Atlas postponed development of its 
new uranium-vanadium mine near Ticaboo 
in Garfield County, UT, and instead sought 
financing to bring its newly discovered Gold 
Bar gold deposit in Eureka County, NV, 
into production. The expected profits from 
the Gold Bar property, which has an esti- 
mated 300,000 ounces of economically re- 
coverable gold, could enable Atlas to keep 
its uranium-vanadium operations on stand- 
by for several years.* 

On April 4, Homestake Mining Co. sus- 
pended conventional underground mining 
operations at its Section 23 uranium proper- 
ty near Ambrosia Lake, NM, laying off 
about 100 of its 276 employees. An addition- 
al 180 employees were released later in the 
year when the company's nearby Milan mill 
was placed on indefinite standby. The 8,400- 
ton-per-day mill had just reopened on Janu- 
ary 2 with a throughput of 550 tons per day 
after a 4-month shutdown for inventory 
adjustment. The company continued to 
leach its abandoned stopes throughout the 
year. The Ambrosia Lake uranium oper- 
ations were a significant source of byprod- 
uct vanadium sludge prior to 1982 when 
VO., prices were considerably higher in 
terms of constant dollars. At the peak of the 
1980 uranium boom, Homestake's uranium 
operations had a total work force of 825 in 
New Mexico. 

In recent years, vanadium-bearing feed 
materials of foreign origin have included 
iron slags from Chile, China, and the Re- 
public of South Africa as well as utility 
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ashes, spent catalysts from refineries, and a 
variety of petroleum residues. U.S. produc- 
tion from petroliferous materials in 1985 
totaled 2,695 tons of contained vanadium, 
58% more than the 1,701 tons (revised) for 
1984. 

Vanadium oxide concentrates were pro- 
duced as a byproduct of the burning of 
Venezuelan and other Caribbean residual 
oils at a number of ting sta- 
tions in the Eastern United States. Long 
Island Lighting Co. (LILCO) recovered high- 
grade ash containing 510 tons of V. O., 
compared with 794 tons (revised) in 1984. 
The New York utility operated two oil-fired 
power stations in Suffolk County, one at 
Northport and the other at Port Jefferson. 
Recently, LILCO also has been supplying 
processors with an ash sludge recovered 
from its wastewater treatment plants that 
averages 15% to 16% V,O, when dried. The 
lower grade material recovered in 1985 
contained 408 tons of V,O, and was 33% 
greater in gross weight than the 1984 mate- 
rial, which contained 314 tons of V,O,. 

In January, Société d'Applications de la 
Chimie, de l'Electricité et des Métaux SA 
(SADACEM) and Société 


acquired the spent catalyst processing facil- 
ity of Gulf Chemical at Freeport, TX. The 
Texas plant recovers vanadium and molyb- 
denum from spent hydroprocessing cata- 
lysts generated largely by oil refining and 
petrochemical industries in the Southern 
United States. The plant’s products include 
fused flake V,O,, granular V. O., various 


Associated Metals & Minerals Corp., retain- 
C 
City, TX, and a second catalyst processing 
facility at Ironton, OH, that has been idle 
for several years. The SADACI Div. of 
SADACEM produces approximately 1,300 
tons (gross weight) per year of an 80% V 
grade of ferrovanadium as well as ferromo- 
lybdenum at its Langerbruggekaai ferroel- 
loys plant near Ghent, Belgium. 

The Freeport, TX, plant was a recent 
supplier of V. O, to the NDS and is one of 
only three such reclamation facilities oper- 
ating in the country. The facility, which 
employs 180 people, began operations in 
1978 and is currently being expanded. The 
first phase of the expansion was completed 
in 1982, enabling the plant to treat up to 
80,000 tons of catalysts per year. The new 
management plans to double this capacity 
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er vanadium and three other strategic met- 


Engineering 
Div. of Brown & Root. For the past 5 years, 
pilot plant operations have been under way 
at Hall’s inorganic chemical plant near 
Arab, AL. The new facility would have 
sufficient capacity to recover annually, in 
metal equivalent units, 3 million pounds of 
vanadium, 5 million pounds of molybde- 
num, 2.8 million pounds of nickel, and 
650,000 pounds of cobalt. 

The dismal situation of U.S. producers of 
ferrovanadium and proprietary vanadium- 
iron-carbon alloys improved somewhat in 
1985. Although demand for ferrovanadium 
was essentially unchanged from that of 
1984, U.S. imports of the ferroalloy declined 
by one-third. The three traditional produc- 
ers of ferrovanadium—Foote Mineral, 
Shieldalloy Corp., and Umetco—also profit- 
ed to some extent from the closure and sale 
in early 1984 of Engelhard Corp.'s alumino- 
thermic reduction plant at Strasburg, VA. 
Affiliated Metals and Minerals Inc. attain- 
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ed full production capability at its new 
specialty ferroalloys plant in Newcastle, 
PA. The Newcastle plant is currently pro- 
ducing low-aluminum, high-purity 80%, 
standard 80%, 60%, and 42% grades of 
ferrovanadium as well as ferromolybde- 
num, molybdenum briquets, and ferrobo- 


ron. 

On October 16, Cabot Corp. announced 
plans to restructure its business groups and 
sell most of its specialty metals and alloying 
operations in order to improve the compa- 
nee financial performance. The proposed 
divestiture would include a titanium rolling 
mill and superalloy production facilities at 
Kokomo, IN; a titanium tubing plant at 
Arcadia, LA; ee iri produc- 
tion facilities at Elkhart, IN, and Reading, 
PA; and the aluminum master alloy plants 
at Henderson, KY, and Wenatchee, WA. 
However, the company would retain its 
integrated tantalum and columbium pro- 
duction facilities in Pennsylvania. The di- 
vestiture would reduce Cabot's present 
work force from 7,700 to less than 5,700. 
Cabot produces 2.596 vanadium aluminum, 
5% vanadium aluminum, and 3% zirconi- 
um-2% vanadium aluminum at the Hender- 
son and Wenatchee plants. 

Producers of primary vanadium chemi- 
cals included Foote Mineral, Cambridge, 
OH; Stauffer, Weston, MI; and Umetco, 
Niagara Falls, NY. Vanadium oxytri- 
chloride (VOCI,) and vanadium tetrachlo- 
ride (VCL,) were the two ranking chemicals 
after pentoxide. 

In March, Chesebrough-Pond's Inc., a di- 
versified consumer products company, 
acquired Stauffer for $1.25 billion through 
a cash tender offer of $28 per share for 
Stauffer common stock. Stauffer's 14 oper- 
ating divisions were consolidated into 4 
divisions, which form the nucleus of Chese- 
brough-Pond's new Chemical Products 
Group. Stauffer's basic research capebility 
was expected to complement Chesebrough- 
Pond's marketing skills and organization. 
Stauffer, a producer of basic, agricultural, 
and specialty chemicals, synthesizes vana- 
un catalysts as a sideline at its Weston, 

MI, plant. Products include vanadium tri- 
chloride (VCl, VCL, VOCI, and vanadium 
tris-acetylacetonate (VC. H,O.). Stauffer 
also operates the elemental phosphorus 
plant at Silver Bow, MT, which produces a 
byproduct vanadium-rich ferrophosphorus. 
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Table 2.—Mine production and recoverable 
vanadium of domestic origin produced in 


the United States 
(Short tons of contained vanadium) 
Mine Recover- 
Year produc- able 
tion! vanadium? 
! oem E 5,852 5,126 
1982 S o onu e ER 4,093 4,098 
1988 ³ ͤ K ³ A A Ww 2,171 
1984 onum S Ww 1,617 
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Table 3.—U.8. ee 


1 tons) 

Gross Oxide 

Year weight content? 

Ar aA 11,366 11,967 
1982 1e Ex 8,850 8,689 
10888. 4.590 4344 
19004 |. LL somnus 4,688 4,678 
Ü —ð AA Ww Ww 


W Withheld to avoid disclosing company proprictary 


CONSUMPTION, USES, AND STOCKS 


Reported domestic consumption of vana- 
dium in 1985 was only about 3% higher 
than that of 1984. This meager rise in 
consumption represented a slowing of the 
recovery from the 20-year low of 1983 and 
gave little hope for substantial improve- 
ment in the immediate future. The primary 
cause of the recovery to date has been 
increased domestic production of vanadium- 
bearing, , low-alloy (HSLA) 
steels for the construction and automotive 
industries. The steel industry as a whole 
showed an overall decline of 4.6% in raw 
steel output from the encouraging level of 
1984, and remained in an uphill battle 
against near-record-high imports of major 
iron and steel products, a still strong but 
weakening dollar, and low profitability. Im- 
port penetration of steel mill products again 
exceeded 2596 despite voluntary restraint 
agreements between the United States and 
15 of its larger trading partners. 

Approximately 8396 of the vanadium was 
consumed by the domestic iron and steel 
industry as ferrovanadium, related vana- 
dium-carbon ferroalloys, or a new propri- 
etary product called Vanox. Vanox, a spe- 
cially proceesed form of vanadium trioxide 
introduced by Umetco in 1984, is designed 
primarily for addition to tool steel and can 
be added directly to the argon-oxygen- 
decarburization vessel. V.O, cannot be sub- 
stituted for the trioxide because the melting 
point of the pentoxide (690* C) is lower than 
that of either the steel (1,550* to 1,650* C) or 
the trioxide (1,970* C). The trioxide is easier 
to reduce than the pentoxide and is more 
homogeneously distributed throughout the 


melt. At least eight domestic specialty steel 

producers were using or evaluating Vanor. 
The dependence of the vanadium indus- 

try on the struggling iron and steel industry 


from the record high of 1984, but remained 
a serious problem for the hard-pressed pro- 
ducers. Converters in Austria and Belgium- 
oa increased their share of the 


resumed shipments of the ferroalloy after a 
hiatus of 7 years. A significant increase in 
consumption of ferrovanadium and other 
vanadium-iron-carbon additives by produc- 
ers of carbon steel offset decreased con- 
sumption in HSLA steel. A large part of the 
decrease in the HSLA steel category be- 
tween 1984 and 1985 reflected the depressed 
conditions in the oil country tubular goods 
market. Demand for ferrovanadium by tool 
steel producers also deteriorated signifi- 
cantly. Total shipments of sheet steel and 
strip to the automotive industry and other 
consumer goods sectors were essentially 
unchanged. However, shipments of struc- 
tural shapes did improve significantly. 

The restructuring of the U.S. steel indus- 
try continued throughout 1985. The loss of 
over $6 billion between 1982 and 1984 
triggered a string of steel company mergers, 
modernization programs, and permanent 
closures of obsolete plants. Production costs 
have been cut more than 10% since 1982, 
and labor productivity has improved dra- 
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matically. The two giants, United States 
Steel Corp. (USS) and Bethlehem Steel 
Corp., have discarded more than one-third 
of their 1979 capacities. According to the 
American Iron and Steel Institute, domestic 
steel producers have shut down more than 
600 steelworks and fabrication plants since 
1974. 

Despite all these the industry 
lost an additional $1.7 billion in 1985. USS 
and Armco Inc. were the only two of the six 
leading integrated steelmakers to make a 
profit during the year. These new losses led 
to another round of plant closures and sales. 
Inland Steel Co., for example, announced 
plans to close seven outdated open-hearth 
furnaces at its Indiana Harbor Works in 
East Chicago, IN. LTV Steel Co. idled indefi- 
nitely numerous facilities at Aliquippa, PA, 
Chicago, IL, Gulfport, MS, and Pittsburgh, 
PA. This radical restructuring, coupled 
with recent investments in continuous cast- 
ers, continuous annealing lines, and other 
new equipment should lead to a smaller, 
more productive industry. At least seven 
continuous casters were being planned or 
installed. One of the highlights of the year 
was the startup of The Timken Co.'s new 
$500 million alloy steel plant at Faircrest, 
OH. The technological changes accompany- 
ing these modernization programs should 
have a positive effect on the long-term 
outlook for vanadium. 

Demand for vanadium in titanium alloys 
was about 12% lower than that of 1984. The 
B-1B bomber program and increased pro- 
duction of other military aerospace prod- 
ucts have helpod initiate perhaps the most 
stable period in the 35-year history of the 
titanium industry. The U.S. aerospace in- 
dustry currently depends on Government 
orders for approximately two-thirds of its 
total business. However, all of the budgeted 
bombers have now been ordered, with the 
100th bomber scheduled for delivery in 
June 1988. Shipments of titanium mill prod- 
ucts to domestic aircraft manufacturing 
plants slowed considerably toward the end 
of the year despite a surge in commercial 
aircraft orders. The Boeing Co. alone book- 
ed orders for 364 airliners, the highest 
figure since it won 461 orders in 1978. The 
total value of Boeing's 364 orders was about 
$14 billion. According to the Aerospace 
Industries Association, Boeing, Lockheed 
Corp., and McDonnell Douglas Corp. togeth- 
er shipped a total of 271 civil jet transport 
aircraft in 1985, compared with only 182 in 
1984 and 257 in 1983. 

Ti-6AI-AV alloy, which has been used in 
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jet engines, airframes, and other aircraft 
parts for more than two decades, accounted 
for more than one-half of the titanium- 
based alloy market in 1985. Relatively small 
amounts of Ti-8Al-1V-1Mo and Ti-3Al-2.5V 
were being used for some jet engine compo- 
nents, while two newer alloys, Ti-15V-3Cr- 
8Al-3Sn and Ti-10V-2Fe-3Al, were being 
extensively evaluated for the next genera- 
tion of commercial airliners. Forgings of Ti- 
10V-2Fe-3Al have already been used in 
some components of the Boeing 757 and 737- 
800 jetliners. The forgeability characteris- 
tics of Ti-10V-2Fe-3Al are reportedly superi- 
or to those of any other known titanium 
alloy. The newly formed Titanium Develop- 
ment Association has been focusing a large 
part of its initial efforts on developing new 
markets for titanium alloys in the oil, gas, 
and petrochemical industries. Ti-3Al-8V- 
6Cr-4Mo-4Zr, for example, has excellent 
corrosion resistance to saltwater saturated 
with hydrogen sulfide and may be superior 
to the nickel-based alloys that are currently 
used when a sour gas environment is en- 
countered in oilfield operations. The associ- 
ation has also identified potential markets 
for titanium mill products in the shipbuild- 
ing, automotive, paper, and medical equip- 
ment industries. 

In August, Armco agreed to sell its Aero- 
space and Strategic Materials Group to 
Owens-Corning Fiberglas Corp. of Toledo, 
OH, for $415 million in cash. Armco, a 
major steelmaker with headquarters in 
Middletown, OH, had been forced earlier to 
halt its diversification efforts and adopt a 
retrenchment strategy because of setbacks 
in its once highly profitable seamless pipe 
business. The sale of the aerospace group 
was completed in September, giving Owens- 
Corning control of the Hitco Fabricated 
Compesites Div., the Hitco Materials Div., 
and the Ladish Co., as well as an 80% stake 
in the Oregon Metallurgical Corp. (Oremet). 
The other 20% of Oremet is publicly held. 

Oremet is the third largest titanium 
sponge producer in the United States and a 
major consumer of vanadium-aluminum 
master alloys. Oremet currently employs 
865 workers at its Albany, OR, metallurgi- 
cal complex and has been making titanium- 
aluminum-vanadium alloys for over 20 
years. Ladish, of Cudahy, WI, produces 
custom aerospace and high-performance in- 
dustrial forgings along with stainless steel 
piping components for the power generation 
and petrochemical industries. According to 
analystes, Owens-Corning bought Armco's 
aerospace group primarily to acquire the 
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two Hitco divisions, which are leading sup- 
pliers of carbon fibers, epoxy resins, and 
preimpregnated fabrics for advanced com- 
posites. 

Plans for a leveraged buyout of the Timet 
Div. of Titanium Metals Corp. of America 
(TMCA) by a Timet management group 
were shelved in late November. Timet is the 
largest producer of titanium alloys and 
metal in the United States and operates a 
14,000-ton-per-year sponge plant at Hender- 
son, NV. Allegheny International Inc. and 
NL Industries Inc., joint owners of TMCA, 
said that although the outlook for the tita- 
nium metal market was favorable, they 
would continue to seek a buyer for the 
Timet Div. as part of their new divestiture 
strategy. Top Timet executives and Kelso & 
Co., a New York management consulting 
firm, which was arranging financing in 
return for a share in the company, had 
agreed in January to purchase the division. 
However, the management group was un- 
able to arrange financing, partly because of 
lower-than-anticipated projected sales vol- 
ume and profits for the division. 

Consumption of NH,VO,, granular pen- 
toxide, and other vanadium chemicals for 
catalysts dropped back to the depressed 
leveis of 1983, and remained far below the 
average of the last decade. Sulfuric acid 
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which uses an 8% V. O. catalyst on a silica 
support to convert the sulfur dioxide to 
sulfur trioxide. Vanadium catalysts are aleo 
used in the commercial synthesis of three 
key organic intermediates: maleic anhy- 
ee ee eee 
Production of maleic anhydride increased 


precipitated oxide, vanadates, metal, 

and chemicals totaled 2,849 tons of contain- 
ed vanadium at yearend 1985, compered 
with 3,321 tons at yearend 1984. 


Table 4.—Producers of vanadium alloys or metal in the United States in 1985 


Affiliated Metals and 
EP: 

re my Boat PET ala Dir lide ei 

oy CORP Sue eee Sk 

Reading Alloys Inc Geo EE aa RS pe Ü 

grem Teledyne Wah Chang Albany Div .... 

nion Carbide Corp., Umetco Minerals Corp 


Plant location Products! 
New Castle, PMA V. 
KENNEN VAI and ZrVAL 
Wenatchee, MWM Do. 
OH ......- FeV and Perovan.? 
Newfield, NJ! V. 
la PA. FeV and VAL 
Albany, OR... 
553 Carvan? and Nitrovan.? 
Niagara Falls, NY... FeV and VAL 


1e V. ferrovanadium; V, vanadium metal; VAI, vanadium aluminum; ZrVAL, sirconium vanadium aluminum. 


for proprietary producta. 


trademarks f: 
*Eikem Metals Co. has been toll converting vanadium oxide at Marietta for Union Carbide since 1981. 
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Table 5.—U.S. consumption and consumer stocks of vanadium materials, by type 


(Short tons of contained vanadium) 
1984 1985 
Type Consump- Ending Consump Ending 
tion gë stocks tion e stocks 
Ferrovanadium! |... ! „„ 0ẽ7' 8,826 834 4,071 248 
ONG o ee See eee ewe cere ee oe es 26 W 18 5 
Ammonium metavanadattſs!dök e A A W W W Ww 
e, TEE yr 909 115 794 107 
Total ti cs ele Spe lc cic da LAT EAE rut 4,761 449 4,883 860 
Ww to avoid disclosing company data; included with " 
‘Includes other vanadium-iron-carbon alloys as as vanadium oxides added directly to 
*Consists of vanadium-eluminum alloy, plus relatively small quantities of other vanadium alloys and 
Table 6.—U. S. consumption of vanadium in 1985, by end use 
(Short tons of contained vanadium) 
End use Quantity 
Bteel: 
J / 1135 
Full alloy A e e ʒ 12 
Tu uo eos 622 
(TT TT WEE W 
Total EE 4,019 
Cast IUE ͤ EE LIE AL e 13 
(excluding steels ding s reels and superalloys}: © eee 
Citing and wear resistant materiala = E pr EE t 
Nonferrous alloys JJ EE 188 
2J2— 14 
EEN W 
Miscellaneous and unspecified... LLL Lc eee eee 19 
Grand total ß d A CE oe a 4,888 


The Metals Week price quotation for 
domestic 98% fused V,O, (metallurgical- 
grade) at the beginning of 1985 was $3.35 to 
$8.65 per pound of V,O,, f.o.b. mill. This 
price was established on May 165, 
1981, and remained in effect throughout all 
of 1985. The slowing of demand for ferrova- 
nadium gave little encouragement to do- 
mestic pentoxide producers, struggling to 
recover from the 1982-83 recession. Some 
discounting of metallurgical-grade material 
continued throughout 1985 because of the 
strong but weakening dollar and down- 
stream pressure from imports of ferrovana- 
dium. 

Prices for metallurgical-grade pentoxide 
in Japan and Western Europe firmed dur- 


ing the first half of 1985 owing to increased 
production of ferrovanadium by major con- 
verters and production constraints on ex- 
ports of pentoxide from China. Throughout 
the year, Highveld maintained its list price 
of $2.41 per pound of V- O. c.i.f. for 98% 
minimum fused pentoxide from the Repub- 
lic of South Africa. The European spot price 
for metallurgical-grade material increased 
from $2.30 to $2.35 per pound in early 
January to a high in March and April of 
$2.87 to $2.42. The spot price weakened 
during the second half of the year, reaching 
a low of $2.05 to $2.15 in November and 
eventually closed at $2.15 to $2.20. 

The Metals Week price spread for techni- 
cal air-dried V,O, (chemical-grade) of $4.10 
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to $4.94 per pound of V,O, was set on April 
1, 1982, and remained unchanged through- 
out 1985. 

On July 8, Umetco, facing probable dives- 
titure and under pressure from continuing 
high imports of ferrovanadium, lowered 
prices for its 60% and 80% standard grades 
of ferrovanadium as well as Carvan to $5.00 


Umetco 


The $5 domestic price effectively under- 
cut spot dealer quotes for imported ferrova- 
nadium, which reportedly ranged from 
$5.20 to $5.50 during the third quarter, and 
encouraged several traders to seek more 
profitable markets in Europe. 

Previously, in mid-1984, Umetco took ac- 
tion to protect its market share against 
imported ferrovanadium with the introduc- 
tion of Vanox. The new proprietary oxide 
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per pound of contained vanadium, f.ob. 
Niagara Falls, NY. This move to maintain 
market share triggered a series of price 
reductions between July 12 and August 1 by 
other domestic producers. The end results of 
the price reductions are presented in the 
following tabulation: 


Price pound of 
con d venadi 
Jan. 1, Dec. 31, 
1985 1985 
a $6.25 $5.00 
> 6.50 5.00 
- 6.25 5.00 
- 6.00 5.00 
- 6.50 5.00 


product was priced initially at $5.05 per 
pound of contained vanadium, f.o.b. Niaga- 
ra Falls, NY, and was expected to compete 
in the tool steel additive market against the 
more expensive, imported ferrovanadium. 
The July 8 price reductions necessitated a 
lowering of the Vanox price. At yearend 
1985, Vanox was being quoted at $4.50 per 
pound of contained vanadium, to be effec- 
tive with January 2, 1986, shipments. 


The U.S. trade pattern for vanadium 
products has changed dramatically since 
1981. The United States is no longer a net 
exporter of ferrovanadium and has begun to 
purchase substantial amounts of the 80% 
grade from the European Communities and 
Austria. At the same time, U.S. exports of 
V. O, have increased more than threefold, 
while imports of the oxide have plummeted. 
This shift in the pentoxide trade pattern 
has been magnified because imports of va- 
nadium trioxide from the Republic of South 
Africa have replaced some of the more 
conventional pentoxide imports. It is also 
important to note that significant amounts 
of exported pentoxide were apparently in 
the form of oxidation catalysts. 

The strong dollar and stiff competition 
from European converters continued to 
hurt U.S. export sales of vanadium-iron- 
carbon alloys. Exports of ferrovanadium 
totaled 454 tons gross weight, compared 
with 469 tons for 1984 and 775 tons for 1983. 
The average declared value of the ferrova- 


nadium was $5.28 per pound of alloy, a 5% 
decrease from the $5.55 value for 1984. The 
modest increase in domestic ferrovanadium 
production from the highly depressed levels 
of 1982 and 1983 gave little encouragement 
to beleaguered U.S. pentoxide producers. 
This frustrating situation coupled with the 
effects of a falling South African rand! kept 
the pressure on U.S. producers to compete 
agreesively against South African material 
in Western Europe, Canada, and Japan. In 
the fourth quarter, the decline of the dollar 
against the deuteche mark and a temporary 
reduction in sales of Chinese pentoxide to 
Europe offered some relief to U.S. exporters 
of both pentoxide and ferrovanadium. Ex- 
ports of anhydride and catalysts containing 
pentoxide totaled only 1,527 tons gross 
weight, a 59% decrease from the 3,712 tons 
for 1984. According to the Bureau of the 
Census, VCL, was one of the principal un- 
specified chemicals exported in 1985. 

U.S. imports for consumption of ferrova- 
nadium dropped to 779 tons of contained 
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vanadium from a historical high of 1,171 
tons in 1984. The material averaged 80.6% 
vanadium and had a mean Customs value of 
$4.98 per pound of contained vanadium. 
This decrease in imports reversed, at least 
temporarily, a long-term trend in which 
European converters have been gradually 
capturing a larger share of the U.S. ferrova- 
nadium market. Imports accounted for 19% 
of reported consumption of vanadium-iron- 
carbon alloys, compared with less than 4% 
in 1973. The Belgium-Luxembourg Econom- 
ic Union replaced Canada as the principal 
source of imported ferrovanadium and 
accounted for 2796 of the imported alloy in 
terms of contained weight. Imports of Cana- 
dian ferrovanadium fell from a record high 
in 1984 to their lowest level in 7 years. 

Only 20 tons gross weight of pentoxide 
was imported in 1985. More than 9096 of 
this material came from the Federal Repub- 
lic of Germany. For the second yeer in a 
row, there were no imports of pentoxide 
reported for consumption from the Republic 
of South Africa. Between 1978 and 1983, 
annual imports of South African pentoxide 
steadily declined from 1,152 tons to 56 tons. 

Imports of vanadium contained in ores, 
slags, and residues totaled only 803 tons, 
compared with 633 tons in 1984. At least 
45% of this vanadium came directly or 
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i from the refining operations of 
Petréleos de Venezuela S.A. (PDVSA), the 
state oil monopoly of Venezuela. The re- 
maining 5596 was contained in other assort- 


recovered from Venezuelan crude. For only 
the second time in 18 years, there were no 


weight, compared with 831 tons in 1984. As 
mentioned earlier, 9796 of this material was 
vanadium trioxide from the Republic of 
South Africa. Nearly all of the remaining 28 
tons was unspecified chemicals from the 
United Kingdom. 


Table 7.— U. S. exports of vanadium in 1985, by country 
(Thousand pounds and thousand dollars) 


Vanadium com 
Ferrovanadium 3 (grom weight) 
Country (gross weicht) (vanadium content) 5 Other* 

Quantity Value Quantity Value Quantity Value Quantity Value 
Argentina oo m Ss ens 2 18 i oe 
Australian RS m Hs pe 14 108 9$ 1 
erch Ee a e 161 e 
um-Luzembourg _ . _ _ _ __ M SEN TH o 
Brasil `... e A e A FM EE 2 DN 401 666 88 48 
[ec Am 818 1,572 MT SH 91 244 84 1,168 
Chile... sce cee ee San es SES Ms. 71 88 58 66 
Colombia `... te NUN ras is 8 4 Da iiam 
Ecuador .-------------- Sa Sé SES der (9 2 hes — 
France om 3 oe Mn T ee 816 15,284 
Germany, Federal Republic of _ .. 29 169 E a i SE kl 8 
Hong Kong ~~ -...------- bial x SH See pm T 86 147 
TT, TEE Tn "e iu ee 11 19 res E 
Indonesia So Se e dx 77 281 2s d 
israel... -------------- ye TS n Ee 1 216 DE tu 
C/! A GE ud SE Se 53 61 P uL 
Japan — occu ERU MM fe HN t 291 423 wl 2 

ED ( es od "M ER 17 28 EN 
Korea, Republic of -.----- m ES -- zs 55 101 16 19 
YHA ------------ 8 15 um e xit n EN us 
FCC 29 127 5 9 712 1,987 90 251 
Netherlands `... 38 160 PS ate E e T: SR 
Ec CC 0x E ee 
Singapore PES iem oe d 18 42 PT Ee 
South Africa, Republic of er ern hm SR WS Lee 184 237 @) 2 


See footnotes at end of table. 
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Table 7.—U.S. exports of vanadium in 1985, by country —Continued 
(Thousand pounds and thousand dollars) 


Vanadium ore ED 


Ferrovanadium 
and concentrate 
Country (gross weight) ` (vanadium content) Pentozide | Other? 
Quantity Value Quantity Value Quantity Value Quantity Vab» 
E = 8 E Es a Ses o 3 
Sweden 167 907 Ge De s e wl 19 
eire itt DM USE TP HAUS rt 7 =e m 17 m s 
F Des ER ae Se 28 LE BR SS 
Veneruele LLL LLL 221 1151 — Se Qo 4 1 
Totalddddʒ ------- 908 4,791 5 9 8,068 6,300 643 11002 
1 include vanadi toxide. 
Ri oa catalysts containing um pen 
Less than 1/2 unit. 
“Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census, adjusted by the Bureau of Mines. 
Table 8.—U.S. imports of ferrovanadium, by country 
(Thousand pounds and thousand dollars) 
1984 1985 
Country Gross Vanadi Gross" Vanadium 
weight content Value ein ‘Content Value 
Austria 868 2,022 461 890 1.9994 
Belgium-Luxembourg -~ -------------- 412 331 487 400 1,881 
e 1 1 16 42 OH 5 
Canada o 5ĩ1¹ð¹ hee meae us 1,188 923 4,145 4 839 1.775 
Chill. occ 8 à PM DE 4 86 199 
La enc ⁰ 99 80 416 PE ES xu 
Germany, Federal Republic o... 11 “ vu 834 262 1,238 
Africa, Republic 7j uk 3 a 168 137 D 
United Kingdorn 156 126 565 40 31 149 
%% c s mc 2,921 2,350 11,984 1,958 1,574 12961 
Importa for consumption: 
Jr; ß. ⁰ E 445 863 2,022 461 380 1,994 
Belgium-Luzembourg ..------------- 390 318 1,504 509 418 1,982 
Brasil- -nocan Ses eee 1 1 16 () (à 5 
e TTT TEE 1,188 928 4,745 418 839 1. 7 
J7%TFCWVWVVVWVJV000TꝙV0ĩ⸗:—0 8 99 80 416 Se A ON 
Germany, Federal Republic of |... 11 Y gd 834 252 1,238 
South Africa, Republic oz a SS SS 168 137 614 
United Kingdom .----------------- 156 565 40 $1 149 
% eee ee ee 2,899 2,341 11,889 1,931 1,557 118 
Less than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census, adjusted by the Bureau of Mines. 
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Table 9.—U.S. imports of vanadium pentoxide (anhydride), by country 


Country Gross 
weight 
(pounds) 
General imports: 
um-Luxembourg! gd $3,660 
Germany, Federal Republic 7 2,000 
%%/G§öÜ——9ũ — cessum d 
Netherlands An 55 =z 
United Kingdom- EE 14 
Total occas oe oe 680,627 
Im for consumption: 
Belgium. 8 $3,660 
Germany, Federal Republic f... 2,000 
Japan Lue eee ee eo - 
Netherlands Antilles? |... = 
United Kingdom 14 
„ 580,627 
1Queried by the Bureau of Mines. 


1984 1985 
Vanadium Gross Vanadium 
content Value weight content Value 
(pounds) (pounds) (pounds) 
18,855 oe T 2a 
271,256 1418740 Eis — dcs 
1,120 8,648 85,554 19916 $169,721 
ae ee 1,200 672 5,829 
ae icu 2,641 1,479 8,960 
3S 1 104,851 896,683 
8 1,184 es — Ta 
297,289 «1,289,124 225,680 126,418 516,193 
18,855 40, Se € us 
211256 1,218,749 t Gë zum 
1,120 8,648 85,554 19,916 160,721 
mo Los 1,200 672 5,829 
= Se 2,641 1,479 8,960 
8 1,184 t P 2S 
297,239 1,269,124 89,395 22,067 179,510 


Source: Bureau of the Census, adjusted by the Bureau of Mines. 
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Ferrovanadium consumption in the West- 
ern World was estimated to be 21,000 tons 
of contained vanadium in 1985, a level 
essentially unchanged from that of 1984. 
The estimates for these 2 years represented 
a partial recovery from the depressed levels 
of 1982-83, but were significantly below the 
record high of 24,000 tons in 1981. This 
relatively stable situation mirrored raw 
steel production, its prodominant end use. 
The International Iron and Steel Institute 
reported only a 0.6% increase in total raw 
steel production over that of 1984 for its 30 
member countries. During the second half 
of 1985, monthly raw steel production in 
Japan and the United States began to 
decline below the projected seasonal dip, 
indicating a slowdown in the recovery. Va- 
nadium consumption by producers of oil 
country tubular goods was abnormally low. 
The worldwide oil surplus discouraged sales 
of seamlees tubes, such as drill pipe, well 
casing, and large-diameter line pipe, that 
contain vanadium to strengthen the steel. 

In the Republic of South Africa, at least 
three companies were either expanding ex- 
isting vanadium production capacity or 
planning construction of entirely new ex- 
traction and processing facilities. Highveld 
continued to strengthen ite position as the 
world’s largest supplier of vanadium slags 
and oxides. The commissioning of a second 
vanadium-bearing pig iron plant at the 


company’s Witbank iron and steel complex 
in the Transvaal partially offset the perma- 
nent closure of Rautaruukki’s two mines in 
Finland and the deterioration of the urani- 
um-vanadium mining industry of the Colo- 
rado Plateau. Vanadiferous slag production 
facilities were also under construction at 
the Glenbrook steel plant on the North 
Island of New Zealand. In Canada, large- 
scale equipment was under development for 
extracting vanadium from fly ash generated 
by commercial oil sands plants. 

Brazil._—The Brazilian ferroalloys indus- 
try has been systematically increasing pro- 
duction of ferrovanadium, ferrocolumbium, 
and other specialty ferroalloys since the 
worldwide collapse of ferroalloy prices in 
1982. Production of ferrovanadium reached 
a record high of 998 tons gross weight in 
1985, almost double the 503 tons (revised) 
reported for 1984 and more than eight times 
the 112 tons of 1983.* Approximately 7096 of 
the ferrovanadium produced in 1985 came 
from the aluminothermic reduction plant of 
.Centroligas-Produtos Siderürgicos Ltda. in 
the State of Sáo Paulo. Installed capacity in 
December 1985 totaled 2,877 tons per year, 
and was divided between Centroligas- 
Produtos and four other producers: Cia. 
Paulista de Ferro-Ligas, Eletrometalur S.A. 
Indústria e Comércio, Polisinter Indústria e 
Comércio Ltda., and Termoligas Mineracáo 
e Metalurgia S.A. Most of the pentoxide 
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feed was being imported from the Federal 
Republic of Germany and the Republic of 
South Africa. 

Centro de Pesquisa e Desenvolvimento da 
Bahia has been evaluating the vanadiferous 
magnetite deposit at Maracas in the State 
of Bahia. The Maracas ores reportedly con- 
tain 1.0% to 2.2% V. O. 

Canada.—Renzy Mines Ltd., a Toronto- 
based company, was still planning to con- 
struct a vanadium extraction plant near 
Fort McMurray, Alberta. The Canadian 
plant would use fly ash from the nearby oil- 
sands operations of Suncor Inc. as feed, and 
was one of at least three such extraction 
plants under development in Alberta. The 
Renzy Mines operation could become the 


y 

The plant would treat 100 tons of 

fly ash per day containing about 4.5% V. O. 
and was expected to have an annual output 
of 1,800 tons of V,O, The facility could 
begin production as early as mid-1987 and 
would cost between $4 and $5 million. 
Renzy Mines was also considering the ex- 
traction of scandium, gallium, nickel, and 
molybdenum from the fly ash.* 

In a related action, Esso Resources Cana- 
da Ltd. of Calgary was contemplating a $290 
million expansion of its oil-sands operation 
at Cold Lake on the Saskatchewan border. 
The existing 240 wells have been producing 
a total of 19,000 barrels per day of bitumen 
from a depth of 500 meters. Steam is in- 
jected into the wells to reduce the viscosity 
of the bitumen so that it can be pumped to 
the surface. The proposed expansion would 
raise Esso’s output to 95,000 barrels per day. 
To date, no steps have been taken to recover 
any of the vanadium contained in the Cold 
Lake bitumen prior to upgrading.* 

China.—China was expanding the iron 
and steel complexes at Panzhihua near 
Dukou in Sichuan Province and at Maan- 
shan in Anhui as pert of its seventh 5-year 
plan (1986-90). Construction of new steel- 
making facilities and modernization of ex- 
isting plants have already begun at the two 
sites and were expected to be completed by 
1995. Panzhihua and Maanshan both have 
their own titaniferous magnetite mines and 
are major producers of vanadiferous slag. 
These slags may assay from 18% to 21% 
V. O, but average about 17%. 

The Panzhihua complex would have an 
annual production capacity of 3.1 million 
tons of pig iron when the new 1,350-cubic- 
meter blast furnace is completed. The pree- 
ent plant reportedly was producing 1.7 
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million tons of pig iron annually with its 


the Panzhihua deposit contains more than 
10 billion tons of ore and accounts for 87% 
of the country’s vanadium reserves. An 
earlier report stated that the iron mine had 
only 1.05 billion tons of ore grading 38.2% 
Fe, 11.6% titanium dioxide (TiO), and 03% 
VAs. 

A new 2,500-cubic-meter blast furnace 
and a new sinter plant would also be in- 
stalled at Maanshan. Existing plans called 
for the 30% to 50% iron ore at Maanshan to 
be blended with Australian ore as feed for 
the new sinter plant. 

Finland.—Rautaruukki underwent a me- 
jor restructuring in 1985, substantially scal- 
ing down its mining and prospecting activi- 
ties while simultaneously expanding its 
downstream engineering and manufactur 
ing operations. The state-controlled steel 
conglomerate discontinued all production of 
V,0,, giving up roughly 10% of the world 
vanadium market. Both the Otanm&ki and 
Mustavaara vanadiferous magnetite mines 
aie aro sh pl entra 
ing only the Rautuvaara copper-iron mine 
still in operation. In December, Rautaruuk- 
ki also sold its mineral rights to the Sokli 
phosphorus deposit at Savukoski to Kemira 


Ore hoisting was halted at the Otanmáki 
underground mine in May. Otanmäki had 
been in continuous production since the 
startup of byproduct vanadium recovery 
operations in the summer of 1956. Excava- 
tion at the Mustavaara surface mine was 
phased down during November and termi- 
nated in December. The two mines pro- 
duced a total of 4,850 tons of V. O., a drop of 
20% from the 6,029 tons of 1984. At the 
beginning of 1985, 468 workers were em- 
ployed at Otanmäki and 174 at Mustavaara. 
Most of the mine workers had been receiv- 
ing retraining and were transferred to the 
new Otanmäki and Taivalkoski Works, 
where railcar manufacturing was inaugu- 
rated in August. The two former mining 
centers have begun fabricating freight cars 
for the timber, mineral fertilizer, and wine 
industries of Europe and the U.S. S. R 

France.—Pechiney, the French state met- 
als group, was in the second year of a major 
modernization and consolidation program 
that could affect the vanadium market to a 
limited degree over the next 5 years. The 
group s ferroalloy subsidiary, Pechiney 

ectrometallurgie (formerly Société Fran- 


caise d’Electrometallurgie), began upgrad- 
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ing silicon metal and other bulk ferroalloy 
operations at its Anglefort plant southwest 
of Lake Geneva. Pechiney Electrometal- 
lurgie continued to produce ferrovanadium 
by aluminothermic reduction at Chedde in 
Savoie. A second subsidiary, Métaux Spe- 
ciaux S.A., was producing catalytic-grade 
VOCI, for the Western European rubber 
industry at nearby Pombliere. 

In early April, the group established a 50- 
50 joint venture between Pechiney Électro- 
metallurgie and the Brandeis Intsel Group 
for the marketing of both bulk and specialty 
ferroalloys, including ferrovanadium. Bran- 
deis, a British company acquired by Pechin- 
ey in June 1981, reportedly is the third 
largest ferroalloy trading company of the 
market economy countries. Brandeis also 
acts as an agent for Transvaal Alloys Pty. 
Ltd., a South African producer of V4O,. 

Howmet Turbine Components Corp., the 
North American subsidiary of Pechiney, 
initiated a $16.2 million program in May to 
expand its casting division at Hampton, VA. 
Howmet was also spending $3 million on a 
new addition to its New England Aircraft 
Products plant at Farmington, CT. The 
company is a major supplier of investment 
cast components for gas turbine engines, 
and consumes sizable amounts of ferrovana- 
dium and other vanadium materials. 

In 1984, France imported 2,756 tons of 
V. O. and 689 tons of ferrovanadium. Fin- 
land supplied 1,455 tons, or 5396, of the 
pentoxide, while the bulk of the ferrovana- 
dium came from Belgium-Luxembourg and 
Austria. Part of the pentoxide was used to 
produce 1,377 tons of ferrovanadium for 

India.—Work continued at the Regional 
Research Laboratory in Bhubaneswar to 
develop an economical method for recov- 
ering vanadium from the titaniferous mag- 
netite ores of Orissa and Bihar. Metallur- 
gists at the laboratory have built a coel- 
fired, five-step furnace for evaluating, on a 
pilot plant scale, different techniques of 
salt-roasting the magnetite ores. The five- 
step furnace uses an inexpensive noncoking 
coal from the Talcher region of Orissa to 
generate the hot flue gases needed for 
roasting. 

The ore initially used in the Bhubanee- 
war studies contained 0.89% V. O., 15.26% 
TiO,, and 81.94% Fe, O.. The ore was ground 
to minus 200 mesh, pulverized in a ball mill, 
mixed with sodium chloride, and then pel- 
letized. Both 5% and 10% NaCl pellets, 12 
to 18 millimeters in diameter, were evalu- 
ated. The pellets were charged from the 
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furnace roof onto the highest step, and 
moved to successively lower steps while the 
hot flue gases passed counter-currently to 
the charge. The steps allowed the pellets to 
be roasted at different temperatures rang- 
ing from 800° to 1,100° C. The roasted 
pellets were removed from the lowermost 
Step at prescribed time intervals and then 
leached with water to produce a sodium 
vanadate solution. The Bhubaneswar inves- 
tigators were able to recover as much as 
90% of the vanadium after 7 to 8 hours of 
roasting at temperatures of 950* to 1,000* 
Cu 


Japan.—Demand for ferrovanadium in 
Japan deteriorated slightly in 1985 despite 
a 4.6% increase in annual production of 
structural steel, tool steel, and other spe- 
cialty steels. The steel industry consumed 
only 4,451 tons of ferrovanadium, compared 
with 4,782 tons (revised) in 1984. There were 
five producers of ferrovanadium in 1985: 
Nippon Denko Co. Ltd., Taiyo Mining and 
Industrial Co. Ltd., Awamura Metal Indus- 
try Co. Ltd., Japan Metals and Chemicals 
Co. Ltd., and Nippon Kokan K.K. Together, 
they produced 3,696 tons of the ferroalloy, a 
10% decrease from the 4,115 tons of 1984.“ 


plant in Toyama 
been making ferrovanadium since 1983. 
Because Japan has no vanadium mines 


produced since 1979 has been made from 
imported VO.. Pentoxide imports fell 18% 
from 5,072 tons gross weight in 1984 to 4,178 
tons in 1985. The Republic of South Africa 
was the principal supplier of pentoxide to 
Japan and accounted for 86% of the total 
gross weight. Ferrovanadium imports con- 
tinued to decline, dropping from 817 tons 
gross weight in 1983 to 624 tons in 1984 and 
then to 504 tons in 1985. All of the imported 
ferrovanadium in the last 2 years has come 
from either Austria or the Com- 
munities. Japan exported 11 tons of ferrova- 
nadium to North Korea and less than 0.5 
ton to New Zealand. 

Netherlands.—Exxon Corp. spent more 
than $800 million to modernize its 25-year- 
old refinery at Rotterdam. The rebuilt refin- 
ery was being equipped with a 32,000- 
barrel-per-day FLEXICOKING unit that 
would use thermal cracking rather than 
traditional catalytic cracking to convert 
inferior heavy feedstocks into high-quality 
liquid and gaseous fuels. The new process, 
under development by Exxon for more than 
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15 years, would produce only a relatively 
small amount of vanadium and nickel-rich 
residual coke—roughly 1% of the heavy 
feedstock—instead of the typical 25% resid- 
uum. More than 95% of the vanadium and 
nickel contaminants in the original feed- 
stock would be concentrated in this coke. 
The Rotterdam refinery was shut down on 
June 15, 1985, to permit unimpoded con- 
struction and revamping and was supposed 
to resume operations in mid-1986. The Rot- 
terdam FLEXICOKING facility and a simi- 
lar unit being installed at Baytown, TX, 
were expected to become significant sources 
of low-cost feed material for United States 
and vanadium producers. 

Netherlands Antilles.—Venezuela and 
the nearby Netherlands Antilles have been 
a significant source of vanadium-bearing 
petroleum residues for the United States 
since World War II. On March 31, Lago Oil 
& Transport Co. Ltd., an affiliate of Exxon, 
closed its oil refinery and transshipment 
storage facilities on the island of Aruba 
after more than 60 years of operation. The 
420,000-barrel-per-day refinery had been re- 
ceiving the bulk of its vanadiferous heavy 
crude from Lagoven S.A., a subsidiary of 
the Venezuelan Government and PDVSA. 
The refinery has been operating at two- 
thirds capacity because of weak interna- 
tional oil prices and showed a $50 million 
loss for 1984. Lago Oil and Exxon tentative- 
ly agreed to sell the refinery to the new 
Government of Aruba for $1.00. On January 
1, 1986, Aruba became an autonomous coun- 
try within the Kingdom of the Netherlands 
and was no longer pert of the Netherlands 
Antilles. 

Shell Petroleum NV also took steps to 
close its more modern 320,000-barrel-per- 
day refinery on Curacao. In August, Shell 
sold its refinery and the transshipment 
facility at Bullenbaai to the Government of 
Curaçao for a token sum of money. In 
November, the Venezuelan Cabinet approv- 
ed a proposal that would allow PDVSA's 
new subsidiary, Isla Refineria, to lease the 
Curacao refinery for 5 years at a cost of $11 
million per year. PDVSA would supply the 
refinery with a total of 150,000 barrels per 
day of light and medium crudes. At year- 
end, Shell, Curacao, and the Venezuelan 
Government were still involved in negotia- 
tions aimed at keeping the refinery in 
operation. 

South Africa, Republic of.—Highveld 
produced 63,207 tons gross weight of slag 
containing about 25% V. O. in calendar year 
1985. The vanadium slag was a byproduct 
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and NH. VO. were produced at the compe 
ny's Vantra facility, which has four rotary 
kilns and four multiple-hearth roasters. All 
four of the roasters were in full operation 
during the second quarter of 1985 because of 
increased orders. However, two roasters 
were taken off-line at the end of June when 
pentoxide sales slackened. Production by 
the Vantra Div. was estimated to be 4,900 
tons of pentoxide. The vanadium bearing 
titaniferous magnetite feed for both facili- 
ties came from the Mapochs Mine in the 
Bushveld Complex north of Roossenekal 
During the year, the mine shipped 1.67 
million tons of lumpy magnetite ore to the 
steelworks and 0.40 million tons of fines to 
the Vantra facility. Combined ore ship- 
ments were 19% higher than the 1.78. 
million-ton (revised) total for 1984. 

On August 21, Phibro-Salomon Inc., the 
international investment and commodities 
trading group, announced that it was with- 
drawing from all of its remaining busi- 
nesses in the Republic of South Africa. 
Some analysts suggested that the withdraw- 
al was prompted by management's concerns 
about the current sociopolitical situation in 
the Republic of South Africa, growing pres- 
sures in the United States to divest South 
African stocks, and diminishing returns 
from bulk ferroalloy sales. The move was 
significant because of Phibro-Salomon's 
close financial ties to Anglo American Corp. 
of South Africa Ltd. The Philipp Brothers 
Inc. subsidiary of Phibro-Salomon was plan- 
ning to close its ferroalloys and precious 
metals trading office in Johannesburg as 
soon as existing South African contracts 
expired. Philipp Brothers had been acting 
in Europe as a marketing agent for a vari- 
ety of South African materials, including 
the V.O, produced by Highveld. Highveld, 
the largest vanadium producer within the 
market economy countries, is a subsidiary 
of the Anglo American Industrial Corp. A 
new trading company, Newco, formed by 
Anglo American Industrial, Barlow Rand 
Ltd. and three former Philipp Brothers 
employees, was given responsibility for 
marketing Highveld's V. O. after January 
1986. Newco will be headquartered in Swit- 
zerland. 

East Rand Consolidated PLC (ERO), a 
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British finance company with South Afri- 
can mining interests, was in the process of 
raising $13.5 million to develop a major 
vanadium mine and processing plant in the 
eastern portion of the Transvaal.” The 
proposed open pit operation would be on the 
Kennedy’s Vale Farm in the L 

District of the Bushveld Complex and would 
be managed by Vansa Vanadium S.A. Ltd., 
& newly formed subsidiary of ERC. The 
vanadium-bearing titaniferous magnetite 
ore occurs in plug-like masses that average 
1.8% V. O., 18.1% TiO, and 56.7% Fe. 
These plug-like masses are situated within 
the mafic layered complex at a position 
stratigraphically above the platinum-rich 
Merensky Reef and the underlying chro- 
mite horizons. 

‘The principal plug was mined previously 
by Highveld between 1960 and 1972. During 
that 12-year period, Highveld removed 2.58 
million tons of ore grading 1.98% VO.. 
Subsequent drilling by Vansa has deline- 
ated an ore body 340 meters long, 24 meters 
wide, and at least 100 meters deep within a 
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pyroxenite envelope. The ore body contains 
an estimated 3.22 million tons of magnetite 
ore averaging 1.95% V,O,. An additional 1.5 
million tons of ore averaging 0.4% V.O, 
exists in a mineralized zone that extends 18 
meters into the hanging wall and 11 meters 
into the footwall. 

The new operation was projected to pro- 
duce 8,800 tons of 99% V,O, fused flake 
annually from 220,000 tons of ore. At that 
rate, the mine would have 15 to 20 years of 


permanent closure of Rautaruukki's two 
mines in Finland and the indefinite shut- 
down of numerous, but smaller uranium- 
vanadium mines on the Colorado Plateau. It 
would cost an estimated $14.4 million to 
bring the proposed mine into full produc- 
tion by 1988. ERC was also considering 
mining platinum-group metals from the 


drilled a total of five exploratory holes into 
the two platiniferous horizons. 


Table 10.—Vanadium: World production, by country: 


(Short tons of contained vanadium) 
Country 1981 1982 1983 1984" 1985* 
from ores, concentrates, ala 
5 (in vanadium pentoxide product? 2... an "25 Js 8 -— 
China (in vanadiferousalag product... ..... 5000 5,000 5,000 5,000 5000 
Finland (in vanadium pentoxide product 8,431 8,470 8,516 8,9976 2.716 
NJ ³Ww6mf ðWQWA y es $80 120 Se E Ee 
South Africa, Republic of 
Content of pentoxide and vanadate product 4,648 8,981 4117 6,683 6,520 
Content of vanadiferous slag produc 99 9,260 8,990 6,620 7,165 8,929 
"T D 8 18,908 12,911 9,781 18,798 515,449 
r ceased ecc ec 10,500 10,500 10,500 10,500 10,500 
United States (recoverable vanadium) A A A A 5,126 4,098 2171 1,617 W 
Total uad desde ³ A 88,562 796,124 — 90,924 84,2291 88,665 
i residues, sahan spent catalysts: * 
Japan (in vanadium pentoxide product) ._-------------- 687 154 TT8 Sg 840 
United States (in venedium pentozide ar ferrovanadium 
producti). cS ee eee ee ꝛ ĩ E 8 1,900 1,513 893 1,701 2,696 
TOU] 2. . d auc m D n 2,587 2,261 1,071 2411 8,535 
Grand total . iras 41,149 "38,391 32,595 36,762 7.200 


5 preliminary. Revised. W Withheld to avoid disclosing company proprietary data; not included in 


ee the coun ae lated. e e M also recoveed from Mam rendues In (ie EM ee f 
Germany, the USSR an and several other European countries, but information is insufficient to make reliable 
estimates. Table includes data available through July 8, 1986. 


Production in this section is credited to the country that was the origin of the vanadiferous raw material. 


output for export. 
“Based on U.S. imports of vanadium-bearing slag. 
®Reported figure. 
“Includes production for Bophuthatswana. 
"Data on vanadium content of vanadium 


Production in is credited to the 


are estimated on the basis of a reported tonnage of vanadium-bearing 
eleg Grom weight) multiplied by an sesumed grade of 141% vanadium, : 


product is 


country where the vanadiferous extracted; available 
information is inadequate to permit crediting thia output hack to the country of origin of the vanadiferous raw material. 
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TECHNOLOGY 


An evaluation of the iron-vanadium bina- 
ry phase diagram was published in June by 
a scientist at Iowa State University." The 
iron-vanadium binary is a relatively simple 
system with continuous solid solution at 
elevated temperatures and an intermediate 
phase that forms congruently from the 
high-temperature solid zolution near equi- 
atomic stoichiometry. The evaluation work 
was carried out at the Ames Laboratory as 
part of an international effort coordinated 
by the ASM and the National Bureau of 
Standards that provides industry with as- 
sessed phase diagrams of potential interest. 

The petroleum industry has been study- 
ing the occurrence of vanadium, nickel, 
and other transition metals in crude oil 
for several decades. However, downward 
pressure on oil prices and the increasing 
amounts of heavy oil being refined have 
caused research on the subject to be stepped 
up. Even small amounts (i.e., 5 to 75 parts 
per million) of vanadium in refinery feed- 
stocks can seriously degrade the activity of 
the cracking catalysts, resulting in increas- 
ed gas and coke formation and reduced 
yields of gasoline. The burning of vanadi- 
um-bearing fuel oil at power stations pro- 
duces corrosive vanadium ash that, if al- 
lowed to build up, can damage turbine 
rotors and refractory furnace 

As much as 40% of the vanadium and 
nickel may be present in the petroleum as 
metalloporphyrins (nitrogen-metal organo- 
complexes formed from four pyrrole rings). 
A significant part of the research on the 
nature of the metalloporphyrins and other 
metal complexes in petroleum was to be 
presented at a symposium sponsored by the 
American Chemical Society.” Because va- 
nadium in the tetravalent state is para- 
magnetic and frequently occurs as the vana- 
del complex cation (VO ^3) in crude oil and 
bitumen, electron paramagnetic resonance 
(EPR) is an effective tool for studying the 
distribution of vanadium between the met- 
alloporphyrins, nonporphyrin complexes, 
and associated mineral clays such as mont- 
morillonite and illite. EPR studies at Texas 
Christian University have confirmed that 
much of the vanadium in the asphaltene 
fractions from the Boscan heavy crude of 
Venezuela and the Circle Cliffs tar sands of 
Wyoming are in the form of vanadyl etio- 
porphyrin. A joint team of researchers at 
the University of California at Berkeley and 
the Chevron Research Co. in neighboring 


solution of ferric ion at 100° C. 
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Vermiculite 


By A. C. Meisinger! 


U.S. production of vermiculite concen- 
trate in 1985 decreased slightly to 314,000 
Short tons sold and used and increased 
slightly in value to $32.4 million, compared 
with 315,000 tons and $31.5 million in 1984. 
Sales of exfoliated vermiculite from 41 
plants in 27 States decreased slightly in 
quantity to 258,000 tons valued at $47.9 
million. 

Carolina Vermiculite Inc., Woodruff, SC, 
began mining and milling vermiculite dur- 
ing the year from deposits in Spartanburg 
and Laurens Counties, SC. 

The United States and the Republic of 
South Africa continued to be the leading 
vermiculite producing countries with 93% 
of the estimated world production of 556,000 
tons. 

Domestic Data Coverage.—Domestic pro- 


duction data for vermiculite are developed 
by the Bureau of Mines from two separate 
voluntary surveys, one for domestic mine 
operations and the other for exfoliation 
plant operations. Of the four mining oper- 
ations to which a request was sent, three 
responded. The one nonrespondent's data 
were estimated using previous years' pro- 
duction levels adjusted by trends in employ- 
ment and other guidelines. Of the 43 ex- 
foliating plants to which a request was sent, 
41 were active, and 38, or 93%, responded, 
representing 85% of the total exfoliated 
vermiculite sold and used shown in table 1. 
Plant data for the three nonrespondents 
were estimated using reported previous 
years’ production levels adjusted by trends 
in employment and other guidelines. 


Table 1.—Salient vermiculite statistics 
(Thousand short tons and thousand dollars unless otherwise specified) 


1981 1982 1983 1984 1985 
United States: 
Sold and used by producers: 
Concentrate `. 22022624 bene eee 222 3 316 282 315 314 
Value od ic otc ees $26.200 $28,500 $27,200 $31,500 $32,400 
Average value: dollars per ton $81.88 $90.19 $9645 $100.00 $103.18 
Exfoliatoolouu tl 274 235 224 264 258 
ö h amus ĩ ore LE eee $58,600 $55,500 $52,200 $56,500 $47,900 
Average value dollars per ton. . 3213.87 $236.17 8233.04 321402 $185.66 
Exports to Canada `... 31 22 19 22 *23 
Imports for consumption ---------------------- 27 21 24 32 38 
World: Production 577 560 490 P545 *556 


Estimated. Preliminary. 
1 Based on rounded data. 


2Excludes production by centrally planned economy countries. 
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DOMESTIC PRODUCTION 


U.S. production of vermiculite concen- 
trate decreased slightly in tonnage to 
314,000 tons valued at $32.4 million. 

W. R. Grace & Co. continued as the 
leading domestic producer with operations 
at Libby, MT, and Enoree, SC. Vermiculite 
was also mined and processed by Patterson 
Vermiculite Co. near Enoree, SC, by Caroli- 
na Vermiculite, Woodruff, SC, and by Vir- 
ginia Vermiculite Ltd. in Louisa County, 
VA. Carolina Vermiculite went on-stream 
in mid-1985 with processing operations near 
Woodruff and mines in Spartanburg and 


Laurens Counties, SC. 

Domestic sales of exfoliated vermiculite 
by 12 producers declined slightly in quant: 
ty to 258,000 tons, and 15% in value to $479 
million. Output came from 41 plants in 2/ 
States, of which 29 plants in 24 States were 
operated by W. R. Grace. 

In descending order of exfoliated vermicu- 
lite output sold and used, the principal 
producing States were California, Ohio, 
Florida, South Carolina, Texas, New Jersey, 
and Illinois. 


CONSUMPTION AND USES 


Apparent domestic consumption of ver- 
miculite concentrate was 329,000 tons, a 
sight increase from 325,000 tons (revised) in 
1984. 

The quantity of exfoliated vermiculite 


sold and used for both construction aggre 
gate material and agriculture increased 
slightly; however, insulation uses declined 
14% from those of 1984. Other uses in 1985 
increased 48% to 4,600 tons. 


Table 2.—Exfoliated vermiculite sold and used in the United States, by end use 


(Short tons) 
End use 1984 1935 
Aggregates 
Concrete EENEG 51,600 52.700 
Plaster >o ß y ß ⁰ y 8 2, 700 2.5» 
Premikeé! EE 80,300 80,20 
VE EEN 134,700 135,300 
Insulation: 
EE 25,900 20,500 
TE EEN 38,500 85.700 
%%% ³˙¹1wm-. . mh 8 3,300 1.7 
vk, i TTT 67,700 57,900 
Agricultural: 
Horticultural- ume up e ⁵ð2iĩv 8 22,100 22 4^ 
Soil conditioning 4,700 & AR 
Fertilizer carrier LL hv EE e ee RR TREE a ac 31.600 2. 
ôö§öÜ; mM ]³ꝛ . . mm. ]%⅛˙½.:; Kw. ĩ ͤ v 58.400 59.800 
)%%;ö;§tw dd k:ł v!!! 8 3.100 4.69) 
Grand total? EEN 264,000 258,009 


! Includes acoustic, fireproofing, and texturizing uses. 


Data may not add to totals shown because of independent rounding. 
*Includes high-temperature and packing insulation and sealants. 


“Includes various industrial uses not specified. 


VERMICULITE 


1031 


Table 3.—Active vermiculite exfoliating plants in the United States in 1985 


Company 
A-To 


, . e 


W. R. Grace & Co., Construction Producta Div |... 


Patterson Vermiculite toobobd _ 
Robinson Insulation oOo „ 
The Schundler łO0OooOooOoOoOodddwdwdd. eee 


Strong-Lite Products Corp 


Strong-Lite Products Corp. of Illinois -------------- 
Fine.. necu em E oe ee 


12 plants in the county. 


County State 
mm Beaver Pennsylvania. 
mS St. Louis Missouri. 
Irondale Alabama 
Maricoppa — Arizona 
Pul ask Arkansas 
fev a California 
Denver Colorado 
Broward. ------- Florida 
Duval 
Hillsborough - - - — — Do. 
Du Page Illinois. 
Campbell Kentucky. 
Orleans Louisiana. 
Prince Georges Maryland. 
SON Hampshire Massachusetts. 
Wayne Michigan. 
Hennep ins Minnesota. 
St. Louis Missouri. 
Douglas Nebraska 
ercer New Jersey 
yuga .------- New York 
Guilford -- North Carolina. 
Oklahoma .....- Oklahoma. 
Multnomah- ..... Oregon. 
wrencgde Pennsylvania. 
Greenville! _____ South Carolina. 
Davidson Tennessee. 
Bexar `~ ._---.--- Texas. 
Dallas Do 
NORIS Salt Lake Utah. 
5 Kenos a Wisconsin 
Lee nion hio. 
. Laurens South Carolina. 
----- Cascadlde Montana. 
Simas Middlese n ... New Jersey 
. Jeſſerson — Arkansas 
d suus Kalb ......- Illinois. 
SHOE Hillsborough ....- Florida. 
— DENS Texas. 


The average value of vermiculite concen- 
trate sold and used by U.S. producers in- 
creased slightly to about $103 per ton, f.o.b. 
plant. The average value of exfoliated ver- 
miculite, f.o.b. plant, declined for the third 
straight year from $214 per ton to $186 per 
ton, a 13% decrease. 


Engineering and Mining Journal quoted 
yearend prices for unexfoliated vermiculite 
as follows, per short ton: Montana and 
South Carolina, f.o.b. mine, $96 to $143.50; 
and the Republic of South Africa, c.i.f. 
Atlantic ports, $90 to $150. 


FOREIGN TRADE 


Imports of vermiculite concentrate from 


tons (revised) in 1984. Exports to Canada 


the Republic of South Africa were estimat- were estimated to be 23,000 tons and repre- 
ed to be 38,000 tons, compared with 32,000 sented 7% of total sales. 
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WORLD REVIEW 


World production was estimated to be 
556,000 tons, a slight increase over 1984 
production of about 545,000 tons. The Unit- 
ed States and the Republic of South Africa, 
together, accounted for 93% of the total 
1985 output. Vermiculite concentrate pro- 


duction in the Republic of South Africa 
increased 6% to about 203,000 tons, and 
exports accounted for 86% of production. 


!' Industry economist, Division of Industrial Minerals 


Table 4.—Vermiculite: World production, by country! 


(Short tons) 
Country 1981 1982 1983 1984P 1985° 

Argentina... eee eee ee E eu 3,557 3,697 4,355 4,906 4,400 
Brazile uo te Pica Stee oÜ¹ . ! 15,771 15,497 10,888 10,094 11.000 
LEE 800 309 331 *360 360 
I ͥͥ˙Üꝗͥò ⁰¹¹ ERES EUREN 3,995 2,280 2,658 2.153 2.3 
Japan cene nas ] eal 8 19,000 19,000 19,000 19,000 19.000 
777 ³²b ⁵ K Lo te 2. 900 1.715 1,300 961 1.100 
öÄÄ§ö§ö·%o!!;ĩ«ĩöõ ⅛ yt mr Se els eB 657 575 440 557 550 
South Africa, Republic oli 210,101 201,327 168,691 191,536 220.0 
Tanzania iode ]o‚“m m terete Acti (3) (3) (9) (3) NA 
United States (sold and used by producers) 320,000 816,000 282,000 815,000 314,000 

PF A ³ ³ AA e eer 1576,781 1560, 400 489,663 §44,567 565,512 


*Estimated. Preliminary. "Revised. NA Not available. 
1Excludes production by centrally planned economy countries. Table includes data available through July 15, 1986. 


*Reported figure. 


Revised to Not available.” dara is not officially reported and available information is inadequate for formulating 


reliable estimates of output levels 


Zinc 


By James H. Jolly' 


World mine and smelter production were 
at record-high levels, whereas the U.S. zinc 
producing industry continued to decline. As 
a result of strikes and mine closures, domes- 
tic mine production fell for the fifth straight 
year, and 1985 was the lowest zinc output 
year in 77 years. Smelter output also fell 
owing mainly to the indefinite closure of a 
primary smelter in Texas early in the year. 
A primary smelter in Idaho, which had 
been indefinitely closed since December 
1981, was closed permanently in 1985. As a 
result, U.S. primary zinc smelting capacity 


was reduced 20% to 404,000 metric tons. 
The United States accounted for about 3.9% 
of the world zinc mine output and 4.8% of 
the world zinc metal production, compared 
with 5.8% and 6.1%, respectively, in 1980. 
World zinc consumption was at an all- 
time high. The United States was the lead- 
ing zinc consumer, although zinc consump- 
tion declined in 1985. Domestic demand for 
zinc was met mainly by imports, largely 
from Canada. Slab zinc imports accounted 
for about 65% of the apparent slab zinc 
consumption, and zinc oxide imports cap- 


Table 1.—Salient zinc statistics 
(Metric tons unless otherwise specified) 


Exports: 
Ores and concentrates (zinc content 


Imports ira mp consumption 
and Veto age (zinc content 


wee o c o ewe —— AD due e em eS vm e 


do. 
Price: Prime Western, London, cents per pound 


*'Estimated. Preliminary. Revised. 
2 Excludes redistilled slab zinc. 


1981 1982 1983 1984 1985 
812,418 803,160 215,294 252,168 226,545 
$306,879 $257,116 $251,204 $270,833 $201,607 
259,835 gv o 210,315 197,912 172,778 

86,728 25,379 63 

50,192 14228 ,390 78,118 75,574 
896,755 302,464 305,084 $31,245 811,551 
290,658 210,681 219,231 820,456 289,440 
54.282 71,289 60,168 30,579 23,264 
328 341 760 1,011 
245,710 66,809 63,156 86,172 90,186 
612,007 456,233 617,679 639,228 610,900 
126,581 111,777 112,940 118,834 91,342 
68,773 7,397 35,199 18,792 27,163 
340,581 840,578 840,577 340,577 340,577 
840,875 709,491 805,891 848,903 764.752 
938,886 794. 933,371 220 940,561 
1,189,369 958,111 1,120,548 1,214,558 1,095,364 
88.47 41.39 48. 40.31 
15,919 16.126 6.351 56.58. 8.656 
16.081 "5,866 6,201 P6,463 *6,567 
88.84 33.74 84.78 40.46 36.23 


*? Domestic production plus net imports plus/minus stock changes. 
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tured a record high 22% of the apparent 
zinc oxide consumption. Zinc prices rose 
through May, then fell for the rest of the 
year as demand weakened. At yearend, zinc 
prices, in constant dollar terms, were 
among the lowest recorded since the early 
1930's. 

Domestic Data Coverage.—Domestic da- 
ta for zinc are developed by the Bureau of 
Mines from seven separate, voluntary sur- 
veys of U.S. operations. Typical of these 
surveys is the annual zinc survey, which, in 
part, covers the primary and secondary slab 
zinc producers. Of the 15 slab zinc producers 
to which the survey request was sent, 12 
responded, representing 76% of the total 
slab zinc production shown for 1985 in 
tables 1, 7, and 8. Production for the three 
nonrespondents was estimated using prior 
year production levels. 

Legislation and Government  Pro- 
grams.—The National Defense Stockpile 
goal for zinc was 1,292,789 tons, unchanged 
since May 1980. The total zinc inventory 
held by the Government at yearend was 
843,202 tons, including 2,625 tons of zinc in 
the form of brass. 

On July 8, the President approved Na- 
tional Security Council (NSC) recommenda- 
tions for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during & military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. According to the NSC guidelines, zinc 
would be categorized in tier II, and the goal 
would be 77,110 tons of zinc metal. At 
yearend, this proposal was under consider- 
ation by the Congress. The Department of 
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Defense Authorization Act, 1986 (Public 
Law 99-145), signed by the President on 
November 8, 1985, stated that no action 
may be taken before October 1, 1986, to 
implement or administer any reduction in a 
stockpile goal in effect on October 1, 1984. 

The Comprehensive Environmental Re- 
sponse, Compensation, and Liability Act of 
1980 (Public Law 96-510), commonly known 
as the Superfund, expired on September 30, 
1985. Various reauthorization bills, such as 
S. 51, passed by the Senate on September 
26, and H.R. 2817, passed by the House of 
Representatives on December 10, were un- 
der consideration by the Congress. 

In August, the Environmental Protection 
Agency (EPA) issued new provisions design- 
ed to ensure proper handling of waste 
generated by about 175,000 5 in- 
cluding plants that roll, cast, coat, and draw 
nonferrous metals. Businesses that produce 
between 220 and 2,200 pounds of hazardous 
waste per month were covered. In Novem- 
ber, EPA established new regulations cover- 
ing effluent limits for foundry and die-cast 
companies in four metal categories, includ- 
ing zinc. Principal pollutants likely to be 
found in the plant's untreated waste waters 
were suspended zolids, oil and grease, toxic 
metals, and chemicals. Most of the second- 
ary zinc industry was excluded because the 
zinc recovery methods did not require proc- 
ess water. 

The Occupational Safety and Health Ad- 
ministration promulgated rules in Novem- 
ber that required manufacturers and dis- 
tributors, including recyclers and scrap 
processors, to collect and provide data 
sheets on hazardous materials in their prod- 
ucts and to label containers they ship out. 
In May 1986, additional standards were to 
go into effect requiring training and educe- 
tion of employees in contact with hazardous 
materials. 


DOMESTIC PRODUCTION 


U.S. zinc mine production continued its 
downtrend for the fifth straight year, re- 
` sulting in the lowest production year since 
1908. Strikes at zinc mines in Tennessee 
and New York contributed most to the 
production decline. Tennessee was the prin 
cipal zinc producing State, followed by Mis- 
souri and New York. The leading zinc mine 
producers were ASARCO Incorporated; St. 
Joe Minerals Corp., a subsidiary of Fluor 


Corp.; and Jersey Miniére Zinc Co., a subsid- 
iary of the Belgium company Union Min- 
iére S.A. 

The 25 leading U.S. zinc producing mines 
accounted for 99% of the zinc mined, with 
the 10 leading mines accounting for 81%. 

In Tennessee, zinc was produced from 
zinc ore at eight underground mines and 
from sulfur-copper-zinc ores at under- 
ground and open pit operations at Copper- 
hill. Jersey Miniére operated the Elmwood 
and Gordonsville Mines in central Tennes- 


ZINC 


see and was the leading producer in the 
State in 1985. Zinc output by Asarco, opera- 
tor of four zinc mines in east Tennessee and 
usually the leading producer, fell sharply 
owing to extended strikes during the year. 
Asarcos Young, Coy, and Immel Mines 
were struck for 6 months beginning April 1, 
and the New Market Mine was struck for 4 
months beginning May 1. According to 
Asarco’s annual report, the company milled 
1.4 million tons of ore from ita four mines in 
1985, producing 34,020 tons of zinc in con- 
centrate. In 1984, Asarco milled 2.6 million 
tons of ore, producing 61,050 tons of zinc in 
concentrate. At yearend 1985, ore reserves 
at the four mines were estimated by the 
company to be 6.8 million tons averaging 
8.22% zinc. 

Inspiration Mines Inc. reopened its Bea- 
ver Creek Mine near Jefferson City, TN, in 
late February following settlement of a 2- 
month strike. In late November, Inspiration 
closed down the operation, idling about 120 
employees, reportedly because of poor re- 
sults and declining zinc prices. 

Zinc produced in Missouri was a coprod- 
uct of lead at seven underground lead 
mines, all along the Viburnum Trend. Zinc 
production improved over that of 1984 
mainly because the lead-zinc mines in the 
State were strike-free in 1985. Asarco 
brought its new West Fork lead-zinc mine 
on-stream in early September foilowing 
completion of the underground crusher. 
Zinc production in concentrate was only 90 
tons but was planned to increase to about 
2,800 tons or 40% of capacity in 1986. At 

yearend, the West Fork Mine reportedly 
had 13.5 million tons of ore reserves aver- 
aging 5.5% lead and 1.2% zinc with some 
copper and silver. 

According to company annual reporta, 

AMAX Lead Co. of Missouri and Home- 
stake Mining Co., joint owners of the Buick 
Mine, mined and milled 2.1 million tons of 
Buick ore, yielding about 21,870 tons of zinc 
in concentrate. Although this represented a 
520% increase over ore milled in 1984, zinc 
output was only up about 20% because the 
average grade of zinc in the ore milled fell 
0.4% to 1.4% in 1985. As a result of a re- 
vised mining plan, proven and probable ore 
reserves at the Buick Mine were significant- 
Iy reduced; however, the average ore grades 
were up substantially. At yearend, ore re- 
serves were estimated by the operators to be 
18.1 million tons grading 8.0% lead and 
2.295 zinc compared with 32.7 million tons 
grading 5.6% lead and 1.4% zinc 1 year 
earlier. 
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The Magmont Mine, owned jointly by 
Cominco American Incorporated, the U.S. 
subsidiary of Cominco Ltd., and Dresser 
Industries Inc., was the second leading zinc 
producing mine in Missouri. According to 
the Cominco annual report, the company 
milled 1.04 million tons averaging 7.596 
lead and 1.996 zinc and produced 28,100 tons 
of zinc concentrate containing 16,400 tons of 
zinc. At yearend, ore reserves at the Mag- 
mont Mine reportedly were 6.3 million tons 
averaging 6.5% lead, 1.1% zinc, and 0.4 troy 
ounce of silver per ton. 

St. Joe operated four of its five zinc pro- 
ducing lead mines in Missouri during the 
year; the Brushy Creek Mine, closed during 
& 9-month strike of St. Joe operations in 
1984, was not reopened after the strike was 
settled. According to the company's annual 
10K report, St. Joe mined a combined total 
of 3.2 million tons of ore averaging 5.196 
lead and about 0.4% zinc during the fiscal 
year ending October 31. Zinc production in 
concentrate was 11,700 tons, compared with 

12,250 tons and 19,800 tons, respectively, in 
fiscal years 1983 and 1984. The zinc concen- 
trates produced in 1985 were sent to St. 
Joe's zinc refinery in Bartlesville, OK, for 
processing. Ore reserves at St. Joe's lead 
mines in Missouri were estimated by the 
company to be 56.8 million tons averaging 
5% lead and 0.5% zinc at the end of the 
fiscal year. 

In New York, St. Joe operated the Balmat 
and Pierrepont Mines. All ore was milled at 
the company's Balmat mill, which had an 
ore milling capacity of about 3,900 tons per 
day. Production was affected by a strike 
that began in July and was not settled by 
yearend. In the latter half of the year, 
supervisory and nonunion personnel contin- 
ued both mine and mill production but at a 
reduced rate. According to the company's 

10K report, for the fiscal year ended Octo- 
ber 31, St. Joe mined and milled 531,000 
tons of ore averaging about 10.7% zinc and 
produced 53,300 tons of zinc in concentrate. 
In fiscal year 1984, the company mined 
670,000 tons of ore and produced 57,500 tons 
of zinc in concentrate. At the end of fiscal 
year 1985, St. Joe estimated that its zinc ore 
reserves in New York were 3.7 million tons 
with an average grade of about 18.6% zinc. 

In Colorado, zinc production came largely 
from the Leadville Mine, managed by Asar- 
co but jointly owned by Asarco and Resur- 
rection Mining Co, a Newmont Mining 

Corp. subeidiary. The State's other signifi- 

cant zinc producer, the Sunnyside gold- 

Silver operation near Silverton, was indefi- 
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nitely closed in March owing, in part, to 
financial problems of the mine’s owner, 
Standard Metals Corp. In October, Stand- 
ard sold the mine to the Canadian firm 
Echo Bay Mines Ltd., which planned to 
reopen the mine in the second half of 1986. 
The Idarado Mining Co. wrote off the asset 
value of its Idarado lead-zinc-copper-silver- 
gold mine in Colorado and put aside $1.5 
million to eventually permanently close the 
property. The mine, which is near the 
Sunnyside Mine, had been closed since 1978. 

Asarco reported that it milled 197,000 
tons of Leadville ore, slightly more than 


that of 1984, resulting in a production of 


12,060 tons of zinc in concentrate plus 6,080 
tons of lead, 344,000 troy ounces of silver, 
and 17,195 troy ounces of gold. Yearend ore 
reserves at the Leadville Mine were 748,000 
tons averaging 9.14% zinc, 4.35% lead, 
0.21% copper, 2.9 ounces of silver per ton, 
and 0.1 ounce of gold per ton. 

In Idaho, Hecla Mining Co., operating the 
Lucky Friday silver-lead-zinc mine, and 
Star-Morning Mining Co., operating the 
Star-Morning Mine under a lease from 
Hecla, were the only major zinc producers 
in the State. Minor quantities of zinc were 
produced at several silver mines. Hecla 
milled a record high 251,000 tons of ore and 
produced 3,550 tons of zinc in concentrates 
at the Lucky Friday Mine in 1985. Ore 
reserves were up marginally from that of 
1984, and at yearend totaled 608,000 tons 
averaging 1.9% zinc, 16.6% lead, and 18.3 
ounces of silver per ton. Star-Morning Min- 

ing ceased mining at the Star-Morning 
Mine late in the year because of poor zinc 
prices. 

Noranda Ltd. and its partners continued 
underground drilling at the Greens Creek 
silver-lead-zinc property on Admiralty Is- 
land near Juneau, AK. Under the Alaska 
National Interest Lands Act of 1980, Noran- 
da was given through 1985 to explore the 
area around its core mining claims; howev- 
er, a l-year extension was granted by Con- 
gress to do additional exploration because 
unexplored mineralized areas remained. 
Ore reserves, based on updated forecasts 
and mining plans, were reduced in 1985 and 
at yearend were estimated to be 2.4 million 
tons averaging 9.05% zinc, 3.50% lead, 
0.46% copper, 22.5 ounces of silver per ton, 
and 0.13 ounce of gold per ton. An oper- 
ations plan, approved by the U.S. Forest 
Service, envisioned mine startup in 1988, 
with an initial zinc production of about 
8,000 tons per year, gradually increasing to 
about 22,000 tons per year. 


MINERALS YEARBOOK, 1985 


Two government actions enhanced the 
development prospects of the huge Red Dog 
zinc-lead-silver deposit in northwestern 
Alaska in 1985. The President approved a 
land swap between the U.S. Park Service 
and NANA Regional Corp. that provided for 
a 100-year right-of-way easement through 
the Cape Krusenstern National Monument 
to allow construction of a road from the 
Chukchi Sea to the deposit. In another 
arrangement, the State agreed to finance 
construction of the road and port facilities 
at an estimated cost of $150 million. Plans 
called for port construction to begin in the 
summer of 1986, followed by 2 years of road 
construction beginning in 1987. At yearend, 
the State and the developers of the Red Dog 
deposit, Cominco American and NANA, 
were in the final stages of negotiating a 
user fee schedule that will reimburse the 
State for its financing of the road and port 
facilities. Development of the minesite was 
expected to begin in 1988 with production 
expected in 1990. Ore reserves at Red Dog 
were estimated to be 77 million tons aver- 
aging 17.1% zinc, 5% lead, and 2.6 ounces of 
silver per ton. 

The development potential of the Lik 
lead-zinc deposit, 12 miles north of the Red 
Dog deposit, was also enhanced by the road 
and port development plans for northwest- 
ern Alaska. Noranda signed a 20-year joint 
venture agreement in May with GCO Min- 
erals Co., owner of the Lik deposit. Terms of 
the agreement called for Noranda to spend 
$25 million for exploration over the next 
two decades to earn one-half interest in the 
deposit. The Lik deposit was estimated to 
contain about 23 million tons of 12% com- 
bined lead and zinc. 

Centennial Minerals Ltd. and U.S. Miner- 
als Exploration Co. received final approval 
from the Montana Hard Rock Mining Board 
to develop an open pit mine at their Mor- 
tana Tunnels gold-silver-zinc-lead deposit, 
35 miles north of Butte. Ore reserves were 
estimated to be 48 million tons averaging 
about 0.679% zinc, 0.28% lead, 0.4 ounce of 
silver per ton, and 0.03 ounce of gold per 
ton. Initial site preparation was expected to 
start in March 1986 with production sched- 
uled to begin in May 1987. When fully 
operational, annual production was pro 
jected to be 22,700 tons of zinc, 5,200 tons 
of lead, 1.7 million ounces of silver, and 
106,000 ounces of gold. Late in the year, the 
Canadian firm Pegasus Gold Inc. acquired 
Centennial Minerals and its 50% interest in 
the project, and at yearend, Pegasus was 
negotiating with U.S. Minerals Exploration 
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to acquire its one-half interest. 

Exxon Minerals Co. revised its mining 
plans at the Crandon deposit in Wisconsin 
to emphasize zinc production as opposed to 
simultaneous zinc-copper production. Un- 
der the new plan, the massive sulfide ore, 
which contains most of the zinc, would be 
mined first, leaving the stringer ore, which 
is mainly copper, to be mined later. In 
addition, the company expected to lower its 
daily production rate to 6,400 tons, down 
from the 8,300 tons initially planned. State 
permitting continued to delay development 
of the property but was progressing. At 
yearend, the impact of ground water draw- 
down owing to underground mining and 
drawdown effects on nearby lakes and 
streams was the principal concern. If all 
permits were obtained in 1986, Exxon envi- 
sioned production to start in the early 
1990's. 


SMELTER AND REFINERY PRODUCTION 


Slab zinc was produced at five primary 
smelters and eight secondary plants in 1985. 
Production was down slightly from that of 
1984 owing mainly to the indefinite closure 
of Asarco's Corpus Christi, TX, zinc refinery 
on April 1. The leading producers of pri- 
mary slab zinc were St. Joe, Jersey Miniére, 
and AMAX, and the leading producers of 
metal from secondary materials were St. 
Joe, Huron Valley Steel Corp., and Inter- 
american Zinc Co. 

Asarco closed its 104,000-ton-per-year zinc 
refinery in Texas owing to poor results 
caused mainly by low metal prices, high 
power costs, and to a lesser extent, lack of 
feed materials. The shutdown of the plant, 
which had only resumed production in May 
1984 after an 18-month suspension of oper- 
ations, resulted in the layoff of about 275 

workers. Metal production for the year 
totaled 11,400 tons, compared with a pro- 
duction of 28,500 tons in 1984. The closure 
represented $120 million of the $216 million 
writeoff the company took against its 
fourth-quarter 1984 results. As a result of 
the closing and to maintain other domestic 
operations requiring zinc metal, Asarco 
a partial toll contract with Jersey 

Miniére to provide metal in return for zinc 
concentrates from its Tennessee zinc mines. 
St. Joe, owner of zinc refineries at Bar- 
tlesville, OK, and Monaca, PA, was the 
largest domestic producer of slab zinc, ac- 
counting for about 40% of U.S. production. 
The Bartlesville refinery, which was acquir- 
ed in August 1984, operated near capacity 
in 1985, utilizing mainly purchased concen- 
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trate but also concentrates from St. Joe's 
lead-zinc mines in Missouri and from Asar- 
co under a tolling arrangement. In fiscal 
year 1985, St. Joe's zinc refineries produced 
147,200 tons of zinc in the form of slab zinc, 
dust, and oxide. 

Bunker Ltd. permanently closed its 
103,000-ton-per-year zinc refinery at the 
Bunker Hill Mine and smelter complex at 
Kellogg, ID. The complex was closed indefi- 
nitely in December 1981. In October, Bun- 
ker auctioned off substantial amounts of the 
complex's machinery, equipment, and met- 
als used for electrolytic processing. Large 
items, including the zinc plant with or 
without the buildings and compressor room 
and electrical equipment, were scheduled to 
be sold through private negotiations. 

Federated Metals Corp., a wholly owned 
subsidiary of Asarco, closed its zinc dust 
plant at Sand Springs, OK, in October 
owing to poor financial results. Federated 
had previously closed zinc-dust producing 
plants at Trenton, NJ, and Whiting, IN, in 
January 1983 for similar reasons. 

Zinc Oxide.—The raw material sources of 
domestic zinc oxide production were 35% 
from ores and concentrates, 36% from slab 
zinc, and 29% from secondary materials. 
French-process zinc oxide accounted for 
about 65% compared with about 64% in 
1984. Zinc oxide was produced at 11 plants. 
The largest producers of zinc oxide were 
Asarco; The New Jersey Zinc Co. Inc. 
(NJZD, a subsidiary of Horsehead Indus- 
tries Inc. (HID; Pacific Smelting Co.; and St. 
Joe. 

Zinc oxide production at Asarco's two 
plants, at Columbus, OH, and Hillsboro, IL, 
was 23,360 tons compared with 31,860 tons 
in 1984. The Columbus plant, which has a 
capacity to produce 21,000 tons of Ameri- 
can-process zinc oxide annually, was writ- 
ten down against fourth-quarter 1984 re- 
sults and was scheduled to be permanently 
closed in the second quarter of 1986. With 
this closure, the NJZI plant at Palmerton, 
PA, would be the only domestic producer of 
American-process zinc oxide. 

NJZI processed direct-shipping ore from 
its Sterling, NJ, mine, slab zinc, and waste 
and ecrap materials to produce both Ameri- 
can- and French-process zinc oxide at its 
plant at Palmerton, PA. An NJZI sister 
company, Horsehead Resource Develop- 
ment Co. (HRD), also a subsidiary of HII, 
used Waelz-kiln and sintering facilities at 
the Palmerton plant to produce crude zinc 
oxide from steelmaking electric arc furnace 
(EAF) dusts. The crude zinc oxide products, 
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which typically contained about 55% zinc, 
6% lead, and some cadmium, were further 
processed into marketable metal and zinc 
oxide at the plant or were shipped else- 
where. In 1985, HRD processed about 54,000 
tons of EAF dust, which generally contain- 
ed 20% or higher zinc content; HRD plan- 
ned to double the tonnage processed in 1986. 
Standard treatment cost per ton of EAF 
dust was about $45; an additional cost of $3 
to $4 per ton was charged per percent zinc 
under 20%. 

Zinc Salts.—Zinc sulfate was produced by 
11 companies from secondary materials and 
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concentrate; most was used for agricultural 
purposes. Zinc chloride was produced en- 
tirely from secondary materials by seven 
companies. 

Byproduct Sulfur.—Production of sulfur 
in byproduct sulfuric acid at five primary 
zinc plants and one zinc oxide plant from 
zinc sulfide concentrates was 140,700 tons 
compared with 144,700 tons in 1984. The 
decrease was due mainly to decreased out- 
put at Asarco’s zinc refinery in Texas. The 
estimated value of the sulfuric acid pro- 
duced at zinc plants was $17.6 million, up 
$3.1 million from that of 1984. 


CONSUMPTION AND USES 


Domestic zinc consumption for most end- 
use categories fell slightly. The construction 
industry accounted for about 45% of zinc 
consumption, followed by transportation, 
20%; machinery, 10%; electrical, 10%; and 
chemical and other industries, 15%. Gal- 
vanizing, mainly for sheet and strip, contin- 
ued to be the principal use of slab zinc, 
consuming about 47%, followed by zinc-base 
alloys, 29%; brass and bronze alloys, 10%; 
rolled zinc, 6%; and other uses, 8%. Of the 
metal grades consumed, Special High Grade 
(SHG) accounted for about 55% and was 
mainly used for the production of zinc-base 
alloys. The Bureau of the Mint purchased 
about 28,550 tons of SHG zinc and produced 
about 10.9 billion pennies, 2.8 billion less 
than that of 1984. Prime Western (PW) was 
second in slab zinc consumption and was 
mainly used for hot-dip galvanizing pur- 


poses. 

According to the Bureau of the Census, 
domestic producers' shipments of zinc-base 
alloy castings were about 312,000 tons, up 
about 22% from that of 1984. The estimated 
percentage distribution of zinc die and 
foundry castings by market sector, based on 
1984 data, was as follows: automotive, 3296; 
builders’ hardware, 28%; machinery and 
household appliances, 18%; electrical com- 
ponents, 15%; and other equipment, 7%.* 

The average weight of zinc diecastings in 
the typical 1985 U.S.-built automobile was 
an estimated 20.2 pounds according to a 
Zinc Institute Inc. (ZI) study.* This repre- 
sented a 1.5-pound drop from the 1984- 
model-year average weight and an average 
decline of 1 pound per year since 1980. The 
decrease was attributed to continuing 
weight reduction and downsizing programs, 
substitution, and improved zinc diecasting 
methods. Zinc die-cast usage in trucks and 


vans was not included in the study; howev- 
er, the typical new truck was estimated to 
have averaged 15 to 20 pounds of aftermar 
ket or optional equipment zinc diecastings 
in 1985. 

The automobile industry continued to 
increase the amount of zinc used for corro 
sion protection per unit vehicle. According 
to a ZI report,“ the typical U.S.-built 1985 
automobile contained 6.79 pounds of zinc as 
coating materials in the form of galvanized, 
electrogalvanized, galvannealed, and zinc- 
rometal coated steel. This represented a 
0.56-pound gain over the 1984-model aver- 
age of 6.23 pounds. If zinc-rich paints and a 
35% offal factor from coated steel stamp 
ings were included, the zinc used for the 
corrosion protection of a typical domes 
tic-built automobile averaged about 11.4 
pounds in 1985 compared with 10.6 pounds 
in 1984 and 9.7 pounds in 1983. An esti- 
mated 42,000 tons of zinc was used for 
corrosion protection of the 8.2 million US. 
built automobiles in 1985. The trend toward 
using lees zincrometal and zinc-rich paint 
and more galvanized and electrogalvanized 
metal continued. Further increases in zinc 
and zinc alloy usage for corrosion protec- 
tion, especially in the form of electrogalvan- 
ized steel sheet, were The steel 
industry was adding about 2.2 million tons 
of electrogalvanizing capacity, most d 
which was expected to be on-stream by the 
end of 1986. 

Zinc consumption in copper-base alloys by 
brass mills, ingot makers, and foundries fell 
about 1996 from that of 1984. According to 
the Copper Development Association Inc. 
the brass and bronze industry consumed 
about 160,000 tons of zinc, the source d 
which was about equally divided between 
refined zinc metal and brass and bronse 
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scrap metal.“ Brass mills accounted for 
more than 73% of the zinc consumption. 
The apparent consumption of zinc oxide 
was about 177,000 tons, down from 186,000 
tons in 1984. Imports were at record-high 
levels, whereas domestic production and 


shipments decreased. The rubber industry, 
which uses zinc oxide as a chemical accel- 
erated and vulcanization activator in rub- 
ber processing, continued to be the largest 
single user of zinc oxide. 


STOCKS 


Slab zinc stocks held by domestic produc- 
ers, consumers, and merchants were lees at 
yearend 1985 than at the start of the year. 
Weakening prices and demand in the sec- 
ond quarter led to declining stock levels, 
which recovered some in July and more or 
less stabilized at that level for the rest of 
the year. Stocks of slab zinc held in the 
market economy countries, according to the 
International Lead and Zinc Study Group 
(ILZSG), fell about 34,000 tons in 1985, 
ending the year at 592,000 tons.* 

Stocks of slab zinc at the London Metal 
Exchange (LME) ended 1985 at 30,600 tons, 
up about 1,500 tons from those of 1984. The 


longstanding good ordinary brand (GOB) 
zinc contract was phased out in September 
in preference of the new High Grade (HG) 
zinc contract. HG zinc accounted for more 
than 5596 of the ending stocks, up from 1696 
at the start of the year. 

Inventories of zinc in ores and concen- 
trates at domestic smelters continuously 
declined from 66,000 tons in January to 
87,000 tons in September, ending the year 
at 43,500 tons, according to the American 
Bureau of Metal Statistics Inc. Part of the 
decline and reduced amount at yearend was 
attributable to the closing down of Asarco's 
zinc refinery earlier in the year. 


U.S. zinc prices were relatively stable in 
the first half of 1985 but declined sharply in 
the second half. U.S. Mint tenders for SHG 
zinc metal for coin manufacture were major 
influencing factors in setting zinc-price 
trends during the year. Low winning bids in 
the mid-January Mint tender resulted in an 
almost immediate 2-cent drop to 43 cents 
per pound in the benchmark U.S. produc- 
ers' HG zinc price. Higher winning bids in 
the February tender, coupled with improv- 
ing zinc market fundamentals, led to a 
gradual 4-cent-per-pound increase in the 
benchmark zinc price by the end of April. 
Market conditions weakened in May, lead- 
ing to widespread discounting from the 
producers' price. Lower-than-expected bids 
in the mid-June Mint tender accelerated a 
price drop to 41 cents per pound for HG zinc 

by mid-July. Price weakness continued in 
the summer months, and in September, 
surprisingly low Mint tender bids in the 34- 
to 35-cent-per-pound range for SHG zinc, 
coupled with continuing deterioration in 
world zinc market conditions, led to a se- 
vere drop to 35 cents per pound in the U.S. 
producers' HG price. Although this price 
held to yearend, discounting was wide- 
spread. In the first half of 1985, the Metals 
Week U.S. HG zinc price averaged 43.8 
cents per pound, and in the second half, 


only 37.0 cents per pound. 

The 0.5-cent-per-pound premium on the 
price of PW zinc over the HG zinc price 
largely disappeared in the domestic market 
in the latter half of the year. The premium 
cancellation was attributed to competition 
mainly from St. Joe, which dropped the PW 
premium in August 1984. 

World zinc prices, which were essentially 
based on the European producer price (EPP) 
and LME price, paralleled U.S. price trends 
in 1985. The EPP, as quoted in Metal Bul- 
letin, increased from $900 per ton at the 
start of the year to $970 in April before 
spiraling downward to $670 at the end of 
the year. The LME prices closely matched 
the EPP in the early months of 1985, but 
from May, generally were 3 to 4 cents lower. 
The collapse of world prices in the latter 

half of the year was attributed mainly to 
weakening demand and perceived surpluses 
of concentrates and metal. Exacerbating 
the price decline was a widely held percep- 
tion through most of 1985 that China was 
reducing its zinc imports below those of 
1984; the fact that China purchased about 
268,000 tons of slab zinc, 38,000 more than 
in 1984, was not generally known until late 
in the year. Despite the price decreases, 
most Western European and other world 
zinc producers continued smelter produc- 
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tion at high operating rates, in part because 
concentrates were readily available at fa- 
vorable treatment-charge rates and because 
of advantages accruing from currency dif- 
ferences with the U.S. dollar. At yearend, 
several Western European zinc producers 
were considering plans to switch from the 
volatile U.S. dollar-base pricing system to a 
multicurrency system to reduce unpredict- 
able swings in zinc values generated by 
currency fluctuations.' 

American- and French-process lead-free 
zinc oxide prices at the beginning of the 
year were quoted in Metals Week at 52 to 
54.5 cents and 53.5 to 56.0 cents per pound, 
respectively. In September, the zinc oxide 
prices for each fell 3 cente, and in Decem- 
ber, prices were adjusted downward, ending 
the year at 40 to 51 cents per pound for 
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American-process zinc oxide and 41.5 to 53 
cents for French-process zinc oxide. Photo- 
conductive grades of zinc oxide were gener- 
ally priced 2 to 3 cents higher than French- 
process zinc oxide throughout the year. 

The price quoted in Chemical Marketing 
Reporter (CMR) for zinc sulfate, granular 
monohydrate industrial grade, 3696 zinc in 
bags in carload lots, ranged from $26.50 to 
$29.00 per 100 pounds. Agricultural zinc 
sulfate in bulk was quoted at $20.00 per 100 
pounds. Technical-grade zinc chloride, 50% 
solution, in tanks, was quoted by CMR at 
$18.40 per 100 pounds until September and 
$20.20 thereafter. Standard pigment-grade 
zinc dust, types 1 and 2 in drums, was 
quoted by CMR at 59 to 67 cents per pound 
during the year. 


FOREIGN TRADE 


U.S. slab zinc imports were about 28,000 
tons less than the record-high quantity 
imported in 1984. Imports from Canada 
were at record-high levels in terms of ton- 
nage and percentage of U.S. imports. Cana- 
da accounted for about 63% of imports 
compared with an average import level of 
54% in the 1980-84 period. The record-high 
import levels from Canada were, in part, 
attributed to intercontinental trades to re- 
duce transportation costs. The second lead- 
ing import source for slab zinc was Mexico, 
accounting for slightly less than 9%. Zinc 
oxide imports exceeded 1984’s record-high 


level and captured about 22% of the domes- 
tic consumption, up from 20% in 1984. 

Despite the closing of Asarco’s primary 
zinc refinery in Texas early in the year, 
imports of concentrates continued at rela 
tively high levels because of substantial 
reductions in domestic output. Exports of 
concentrates fell to their lowest level since 
1979 owing mainly to reduced production at 
exporting mines. 

Waste and scrap exports reached record- 
high levels in 1985; Taiwan was the princi- 
pal importer, accounting for about 45% of 
the waste and scrap exported. 


Table 2.—U.S. import duties for zinc materials, J anuary 1, 1985 


Item TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Zinc oxide, dei 2... 473.76 0.4% ad valorem _ Free 5.5% ad valorem. 
Ores and concentrate 602. 0.39 cent per 0.3 cent per 1.67 cents per 
pound on zinc bound ou zinc pound on zinc 
content. content. content. 
Fumne. PP 603.50 FFF cca d WEE Do. 
Unwrought, other than alloys 626.02 1.6% ad valorem _ 1.5% ad valorem _ 1.75 cents per 
mS NO ae a NN AS ORDER 626.04 19.0% ad valorem 19.0% ad valorem 45.0% ad valorem. 
Waste and crap! / 626.10 29% ad valorem _ 2.1% ad valorem _ 11.04 ad valorem. 


Law 


Day ce zinc ores, concentrates, and zinc-bearing materials was suspended until Dec. 81, 1989, as provided by Public 
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WORLD REVIEW 


World consumption of zinc metal was an 
estimated record-high 6.7 million tons in 
1985, up slightly over the record consump- 
tion posted in 1984. In the market economy 
countries, zinc metal consumption was 
about 4.7 million tons, about the same as 
that of 1984. Consumption decreases in the 
United States and Western Europe were 
offset by increases in some of the newly 
industrialized countries, most notably Bra- 
zil. The Western European countries, the 
United States, and Japan accounted for 
slightly more than one-half of world con- 
sumption. 

Both mine and smelter production were 

also at record-high levels in 1985. World 
mine output was about 6.7 million tons, up 
about 0.1 million tons over the 1984 record- 
high output. Australia, China, North Ko- 
rea, Peru, and Thailand mined more zinc, 
whereas Canada, Mexico, and the United 
States, because of strikes and/or production 
cutbacks, mined less. Canada continued to 
be the principal world producer and, togeth- 
er with Australia, Peru, and the U.S. S. R., 
accounted for about one-half of world out- 
put. Smelter production was about 6.6 mil- 
lion tons, up about 0.1 million tons over the 
record-high production of 1984. Most coun- 
tries produced at 1984 levels; India, Italy, 
North Korea, and Thailand increased pro- 
duction, readily offsetting slight production 
decreases in Japan, the United States, and 
some Western European countries. Canada, 
Japan, and the U.S.S.R. produced more 
than one-third of world smelter output of 
zinc. 
World mine capacity increased to about 
8.0 million tons, up about 0.13 million tons 
from that of 1984 (revised). New mine open- 
ings in Canada, Australia, Peru, and Co- 
lombia accounted for most of the increase. 
World primary smelter capacity also was up 
about 0.1 million tons to 7.9 million tons 
owing mainly to the opening of a new smelt- 
er in Italy. 

The world supply-demand position was 
more balanced than generally anticipeted. 
Metal stock levels in the market economy 
countries fell for the third straight year, 
and at yearend, represented the equivalent 
of about 1 month of world consumption. 
Despite an apparent balanced world supply- 
demand situation coupled with slight reduc- 
tions in world metal stocks, prices declined 
sharply in the second half of 1985. 

ILZSG, at its October meeting, forecast 


that zinc consumption in the market econo- 
my countries would be about 100,000 tons 
higher in 1986 than in 1985. Forecasts of 
zinc mine output and zinc metal production 

Argentina.—Cia. Minera Aguilar S.A. 
(CMASA), a St. Joe subsidiary, operated its 
Aguílar Mine and mill near capacity in the 
fiscal year ending October 31, and account- 
ed for virtually all of Argentina's primary 
zinc output. The company produced 31,670 
tons of zinc in concentrates in the fiscal 
year in milling 577,000 tons of ore contain- 
ing 6.2% zinc, 5.3% lead, and 3.5 ounces of 
silver per ton. The zinc concentrates were 
utilized for the production of slab zinc at an 
electrolytic zinc refinery operated by Cía. 
Sulfacid S.A.C.LY.F. in which CMASA owns 
a 50% interest. At the end of the fiscal year, 
the ore reserves at the Aguílar Mine were 
estimated to be 4.8 million tons with an 
average grade of 7.1% zinc, 5.7% lead, and 
4.0 ounces of silver per ton. 

Australia.—Australia was the world's 
third largest mine producer of zinc. Produc- 
tion was up substantially from that of 1984 
owing to the return of normal production 
levels at major mines at Broken Hill, New 
South Wales, and Tasmania, together with 
increases at the Elura Mine. One new zinc 
mine came on-stream in the latter part of 
the year and the Beltana zinc-lead mine in 
South Australia, which closed in 1976, was 
reopened. Production at the Teutonic Bore 
Mine in Western Australia ceased at year- 
end because of depletion of ore reserves. 
Expansions at a number of mines were 
scheduled for completion in 1986, adding 
about 20,000 tons to the country's zinc 
production capacity. Intensive exploration 
and evaluation of various prospects contin- 
ued 


The Woodcutters open pit mine near 
Darwin in the Northern Territory came on- 
stream late in the year. At capacity, the 
mine, which is owned by Nicron Resources 
Ltd. (75%), Lachlan Resources NL (16%), 
and Petrocarb Exploration NL (10%), was 
expected to have an annual output of 23,000 
tons of zinc, 11,000 tons of lead, and 600,000 
ounces of silver in concentrates. Ore re- 
serves were estimated to be 1.1 million tons 
averaging 14% zinc, 7.7% lead, and 5.7 
ounces of silver per ton. 

In the fiscal year ending June 30, MIM 
Holdings Ltd. produced at its Mount Isa 
Mine in Queensland a record high 202,000 
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tons of zinc in concentrate in treating about 
4.3 million tons of ore grading 6.6% zinc, 
5.4% lead, and 5.6 ounces of silver per ton. 
Zinc-lead-silver ore reserves at yearend 
1985 at the Mount Isa Mine were about 49 
million tons averaging 6.8% zinc, 5.8896 
lead, and 7.5 ounces of silver per ton. MIM 
was developing the Hilton silver-zinc-lead 
deposit, about 12 miles north of Mount Isa, 
as a second source of feed for the Mount Isa 
concentrator because production tonnages 
from the Mount Isa Mine were expected to 
start declining after 1990. Plans at Hilton 
initially called for ore production of about 
85,000 tons in fiscal year 1986, increasing 
gradually to 2.5 million tons by the middle 
1990’s.* The Hilton deposit, which consists 
of seven stratabound silver-lead-zinc ore 
bodies in the same geological formations as 
the Mount Isa deposits, contained an esti- 
mated in situ ore reserve of about 72 million 
tons that averages 10.8596 zinc, 6.52% lead, 
and 8.7 ounces of silver per ton. 

The Woodlawn open pit mine in New 
South Wales became a wholly owned subsid- 
iary of Australian Mining & Smelting Ltd. 
when they acquired St. Joe International 
Corp.'s one-third interest. Ore reserves in 
the pit were expected to be depleted by 
early 1987; however, an evaluation of min- 
ing lower extensions of the ore body by 
underground methods was under way. 

Aberfoyle Ltd. was converting a tin treat- 
ment facility in northwest Tasmania to a 
pilot-scale plant for trial milling of bulk 
underground ore samples from its Hellyer 
zinc-lead-silver deposit, just north of the 
Que River Mine. The estimated in situ ore 
reserves at Hellyer totaled about 15 million 
tons averaging 1396 zinc, 7% lead, 0.4% 
copper, 5.0 ounces of silver per ton, and 0.7 
ounce of gold per ton. A further 4 million 
tons of inferred ore reserves was added by 
exploration activities in 1985. A decision on 
whether or not to develop the deposit was 
expected in 1987. 

In August, Pancontinental Mining Ltd. 
acquired MIM's interest in the Lady Loretta 
zinc-lead-silver deposit in northern Queens- 
land, and later the remaining one-half of 
the joint venture from Elf Aquitaine Triako 
Mines Ltd. Late in the year, Pancontinental 
sold a 49% interest to the Finnish company 
Outokumpu Oy. Underground exploration 
was expected to be completed in 1986. Re- 
serves were estimated at 9 million tons 
grading 14.8% zinc, 6.5% lead, and 3.0 
ounces of silver per ton. 

Canada.—Canada continued to be the 
world leader in zinc mine production, ac- 
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counting for more than 18% of world out- 
put. Brunswick Mining and Smelting Corp. 
Ltd.’s (BMS) No. 12 Mine in New Brunswick 
had the largest zinc production, followed by 
Kidd Creek Mines Ltd.’s Kidd Creek Mine 
at Timmins, Ontario, and Cominco Ltd.'s 
Pine Point and Polaris Mines in the North- 
west Territories and the Sullivan Mine in 
British Columbia. These five mines account- 
ed for two-thirds of Canadian zinc produc- 
tion. About 17 other mine-mill operations 
accounted for the remaining output. Three 
new mines, the largest of which was West- 
min Resources Ltd.'s H. W. Mine in British 
Columbia, opened, and two mines closed in 
1985. As part of the Government privatiza- 
tion program, the Government-owned Cans- 
da Development Corp. sold most of its inter- 
est in Kidd Creek Mines to Falconbridge 
Ltd. in December. Kidd Creek Mines pro- 
duced about 220,000 tons of zinc in concen- 
trate in 1985. 

Canada, the third leading world producer 
of refined zinc, produced a record high 
692,000 tons, up marginally from the record 
production set in 1984. The four primary 
smelters operated about 99% of rated com- 
bined annual capacity. Owing to weak zinc 
markets in the second half of the year, 
several Canadian zinc mine and smelter 
producers reduced production late in the 
year or were planning production cutbecks 
in early 1986. 

Curragh Resources Corp. bought most of 
the assets of the Cyprus Anvil Mining Corp. 
from Dome Petroleum Ltd. and Trans Cane- 
da Pipelines Ltd. in June. The assets pur- 
chased included the large Faro Leed gn 
silver open pit mine and several nearby 
zinc-lead deposits in the Yukon Territory 
and a 5096 interest in the undeveloped 
Cirque zinc deposit in British Columbia. 
Curragh, aided by a complex financial plan 
involving loan credit lines guaranteed by 
the Yukon and Federal governments, gov- 
ernment maintenance of an all-weather 
road to Skagway, AK, for shipments of 
concentrates, and incentives provided under 
the Yukon Mineral Recovery Program, 
planned to reopen the Faro Mine by the 
middle of 1986. The Faro Mine, which closed 
in 1982 for economic reasons, produced 
107,000 tons of zinc in milling 2.75 million 
tons of ore in 1981, its last full year of op 
eration. Curragh was planning to attain & 
full ore production rate of about 4 million 
tons by 1987. A mine life of about 7 years 
was expected. Boliden AB of Sweden con- 
tracted to be the general sales agent for 
Faro's production and also acquired a 10% 
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interest in the mine in 1985. At yearend, 
Boliden had reportedly located buyers for 
the 90,000 tons of zinc concentrates and 
40,000 tons of lead concentrates expected to 
be produced in 1986. At the end of 1984, 
estimated ore reserves at the Faro open pit 
were 18.5 million tons grading 5.1% zinc 
and 8.5% lead with 1.8 ounces of silver per 
ton. 

BMS, 64% owned by Noranda, milled 3.8 
million tons of ore at ita No. 12 Mine in New 
Brunswick, down from 3.6 million tons mill- 
ed in 1984 mainly because of production 
cutbacks late in the year. Zinc production in 
zinc and bulk concentrates was down about 
21,000 tons from that of 1984, but totaled 
287,500 tons or about 20% of Canadian 
output in 1985. Diamond drilling proved up 
more ore than was mined out during the 
year, and at yearend, BMS ore reserves 
were up 8 million tons to 83 million tons 
grading 9.15% zinc, 8.73% lead, 0.31% cop- 
per, and 8.1 ounces of silver per ton. An 
additional 21.7 million tons of similar grade, 
probable ore was also indicated. 

Pine Point Mines Ltd., 51% owned by 
Cominco Ltd., produced about 161,400 tons 
of zinc in 272,600 tons of concentrate at the 
Pine Point Mine. The company milled 2.14 
million tons of ore, about the same as in 
1984. Because of high operating costs, main- 
ly due to increased strip ratios and mine 
dewatering costs, Pine Point Mines revised 
its production plans for 1986 and 1987 to 
maximize and increase production rates 
and lower costs. As a result of the revised 
plan, the life of the mine, shortened to 
about 6 years, was not expected to extend 
much beyond the opening of Cominco Amer- 
ican’s Red Dog Mine in Alaska. Also, ore 
reserves were revised downward about 6 
million tons to 14.5 million tons averaging 
6.0% zinc and 2.7% lead at yearend. Comin- 
co Ltd. milled a record high 939,000 tons of 
ore grading 13.1% zinc and 3.5% lead at its 
Polaris Mine on Little Cornwallis Island, 
Northwest Territories, in 1985, yielding 
117,900 tons of zinc in 190,700 tons of zinc 
concentrate, and 29,900 tons of lead in 
39,300 tons of lead concentrate. Production 
of zinc and lead, respectively, were 10% and 
7% higher than that of 1984. At yearend, 
ore reserves were 19 million tons averaging 
14.8% zinc and 3.8% lead. Concentrate 
production from the Polaris Mine was 
shipped to Western European smelters dur- 
ing a 12-week period at the end of the Arctic 
summer when the sea was open for naviga- 
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Columbia, continued to be the principal 
supplier of zinc and lead concentrates to 
Cominco Ltd.’s Trail smelter. The amount 
of ore milled and production of zinc and 
lead concentrates was below that of the 
record highs set in 1984 because of a de- 
cision at midyear to reduce output mainly 
because of weak metal prices. In 1985, 2.2 
million tons of ore was milled yielding 
76,000 tons of zinc in 154,800 tons of zinc 
concentrate and 94,400 tons of lead and 
251,400 ounces of silver in 152,000 tons of 
lead concentrate. At yearend, ore reserves 
at the Sullivan Mine were 32.7 million tons 
averaging 6.8% zinc, 4.8% lead, and 1.1 
ounces of silver per ton. 

Falconbridge suspended development 
work in November on its Winston Lake zinc 
property in Ontario mainly because of de- 
teriorating zinc prices and poor near-term 
outlook for zinc concentrate sales. The com- 
pany had announced in September that it 
planned to bring the deposit into production 
by late 1986 at an annual production rate of 
50,000 tons of zinc in concentrate. Ore 
reserves at the deposit were estimated at 2.2 
million tons grading 18% zinc, 1.1% copper, 
1.0 ounce of silver per ton, and 0.004 ounce 
of gold per ton. 

China.—China National Nonferrous Met- 
als Import-Export Corp. signed agreements 
with several Japanese companies to have a 
new 60,000-ton-per-year vertical retort zinc 
smelter built at Huladao in Liaoning Prov- 
ince. The plant, which will replace an exist- 
ing vertical and horizontal retort smelter of 
similar capacity, was expected to be on- 
stream in 1987. 

Greenland.—Greenex A/S, a wholly own- 
ed subsidiary of Vestgron Mines Ltd., pro- 
duced 70,300 tons of zinc in concentrate at 
the Black Angel zinc-lead-silver mine at 
Maarmorilik, compared with 71,300 tons in 
1984. Although the amount of ore milled 
was up 53,000 tons to 728,000 tons in 1985, 
the grade of ore milled dropped to 9.6% zinc 
from 11.0% zinc in 1984. The ore reserves at 
the Black Angel Mine totaled only 1.4 
million tons grading 9.7% zinc, 3.0% lead, 
and 0.9 ounce of silver per ton at yearend. 
Because of extremely depressed prices for 
zinc and lead in the second half of 1985 and 
its diminished ore reserve position, Greenex 
was considering whether or not to perma- 
nently close the mine. Late in the year, 
Greenex reached an agreement with its 
bankers and the Governments of Greenland 
and Denmark that would permit operations 
to continue at least until June 1, 1986. 
Because of the mine's uncertain future, 
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Cominco Ltd., which owns 62.5% of Vest- 
gron, wrote off its $14 million investment in 
that company in 1985. 

Honduras.—Rosario Resources Corp., a 
wholly owned subsidiary of AMAX, contin- 
ued its program to increase ore production 
levels at the El Mochito zinc-lead-silver 
mine to 2,300 tons per day by 1987. As part 
of an effort to lower production costs, the 
work force was reduced from 1,500 to 1,200 
by the end of the year. Zinc output in con- 
centrates was 44,000 tons in 1985, compared 
with 41,500 tons in 1984 and 38,000 tons in 
1983. A 20% increase in zinc production was 
expected in 1986. Concentrates were sold to 
smelters in Japan, Western Europe, and the 
United States. At yearend, estimated ore 
reserves at the El Mochito Mine were 4.8 
million tons grading 9.0% zinc, 4.6% lead, 
0.54% copper, 4.0 ounces of silver per ton, 
and 0.002 ounce of gold per ton. 

Korea, Republic of.—Planned expansions 
at the country’s two zinc refineries contin- 
ued. The Korea Zinc Co. Ltd. was doubling 
the annual capacity of its Onsan zinc refin- 
ery to 150,000 tons. Construction was ex- 
pected to be completed by the end of 1986. 
Most of the feed for the Onsan refinery was 
expected to be imported mainly from Aus- 
tralia. In October 1985, Young Poong Corp. 
completed a 15,000-ton-per-year expansion 
of its Seakpho electrolytic zinc refinery, 
raising the annual capacity to 50,000 tons. 
Young Poong planned to provide all of the 
refinery’s zinc concentrate feed from the 
company’s nearby mines at Yeonhwa No. 1 
and No. 2. In 1985, the company’s mines at 
Yeonhwa produced about 72,000 tons of zinc 
or about 78% of the domestic production. 
The ore deposits at Yeonhwa No. 1 consisted 
of 7 lead-zinc bodies of chimney type and 10 
smaller ones of vein type, all occurring in 
limestone. Reserves were estimated at over 
1.5 million tons averaging 0.98% lead and 
3.12% zinc. At Yeonhwa No. 2, 10 kilome- 
ters northeast of No. 1, the ore bodies oc- 
curred typically in moderately dipping 
limestone and slate beds, associated with 
intrusive sills and dykes of quartz monzon- 
ite porphyry. The estimated ore reserves at 
Yeonhwa No. 2 were 1.4 million tons grad- 
ing 0.34% lead, 3.76% zinc, and 0.06% 
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copper. An additional 10 million tons of ore 
containing 9.8% combined lead and zinc 
and about 8 ounces of silver per ton wes 
indicated in several newly discovered near- 
by deposits. Young Poong planned to invest 
about $6.8 million for development by 1988. 

Mexico.—Mine production fell in 1985 
owing mainly to significant decreases in 
mine output at mines operated by México 
Desarrollo Industrial Minero S.A. (MEDIM- 
SA) and Industrias Penoles S.A. de CV. 
MEDIMSA's zinc output was about 59,000 
tons in 1985, down about 11,000 tons from 
that of 1984, despite increased zinc produc 
tion at the San Martin Mine, whose capaci- 
ty was tripled in 1984. MEDIMSA complet 
ed the expansion program at its Charcas 
zinc-lead-silver mine in San Luis Potosí 
State in December. Mine and mill capecity 
was increased from 1,250 tons per day to 
8,450 tons and was expected to result in a 
zinc production increase of 18,000 tons to 
33,000 tons in 1986. MEDIMSA's Rosario 
lead-zinc-copper-silver mine in Sinaloa 
State was almost completed in 1985. Pro 
duction at a rate of 550 tons per day wes 
scheduled to start in March 1986. An annu 
al output of about 6,000 tons of lead and 
8,000 tons of zinc was planned. 

South Africa, Republic of.—Shell South 
Africa Pty.) Ltd. began open pit develop 
ment at its lead-zinc deposit at Pering in 
northern Cape Province late in the year. 
Shell planned to have the mine in produc 
tion by September 1986, producing at an 
annual rate of 33,000 tons of zinc contained 
in 60,000 tons of concentrate. Also to be 
produced annually was about 9,000 tons of 
lead concentrate containing 4,000 tons of 
lead. The zinc concentrates were scheduled 
to be processed at the Springs, Transvaal, 
zinc refinery owned by the Zinc Corp. of 
South Africa Ltd. Established geological 
reserves totaled 18.4 million tons averaging 
3.61% zinc and 0.64% lead. A mine life of 
about 17 years was expected. 

Prieska Copper Mines (Pty.) Ltd., which 
had intended to permanently close its Pries 
ka copper-zinc mine by the end of 1985, 
planned to continue operations for an add 
tional year as sufficient exploitable ore was 
found to enable mining to continue. 
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TECHNOLOGY 


The Bureau of Mines devised a technique 
to recover a zinc-lead concentrate from 
geothermal brines produced in the Imperial 
Valley of California.* It was estimated that 
up to 90,000 tons of zinc per year could be 
extracted from these brines if the geother- 
mal resources were developed to produce 
1,600 megawatts of power. More than 99% 
of the zinc and lead were precipitated by 
treating the brine with hydrogen sulfide 
and controlling the pH with lime. A flow- 
sheet for metal recovery was proposed. 

The Bureau carried out studies to deter- 
mine the feasibility of chlorine-oxygen 
leaching for treating complex low-grade 
zinc sulfide concentrates that are generally 
unacceptable as feed for conventional roast- 
leach-electrowin plants because of the low 
zinc and high iron contents.“ A process 
using the Bureau's chlorine-oxygen leach- 
ing technique was expected to result in 
extraction of about 95% of the zinc in the 
form of purified crystalline zinc chloride, 
which could be fed into a molten-salt bath 
and electrolized to produce zinc metal and 
chlorine for recycle. 

The Bureau conducted research to sepe- 
rate fluorine from byproduct zinc concen- 
trates obtained from fluorspar production 
in an effort to make the concentrate accept- 
able to zinc producers, ii devised a method to 
recover zinc and other metals from copper 
converter flue dust, u developed technology 
to use flue dust containing zinc as a source 
of zinc for electrogalvanizing, and evalu- 
ated waste-derived electrogalvanized zinc 
coatings on wire. 

EAF steelmaking dusts, listed as hazard- 
ous waste by the EPA mainly because of 
leachable lead, cadmium, and chromium, 
continued to be a major problem for the 
steel industry as disposal costs ranged up to 
$200 per ton. In 1985, an estimated 450,000 
tons of EAF dusts, all of which contained 
zinc, was generated in the United States. 
About 1096 was utilized as a constituent in 
fertilizers, 1596 was proceesed to recover 
zinc, and 75% was disposed of in hazardous 
landfills. By August 1988, an EPA ban on 
land disposal of hazardous EAF dust was 

scheduled, providing suitable treatment 
technology was available. Studies complet- 
ed in 1985 by the Center for Metals Produc- 
tion“ and the Bureau of Mines discussed 
options available for EAF dust treatment 
and disposal. The studies considered four 
basic options: chemically stabilize the dust 


so it could be landfilled as nonhazardous 
waste; incorporate or mix with another 
material so the resultant product could be 
listed as nonhazardous; recycle directly 
back into the electric arc furnace to up- 
grade the zinc content of the dust to pro- 
duce a salable or processable smelter-feed 
product; and establish regional proceesing 
plants near EAF steelmaking centers to 
recover zinc, lead, and cadmium and render 
the residue nonhazardous. Depending on 
the situation, each of the options were 
considered likely to be employed in the 
future. The studies indicated that most zinc 
recovery methods will require the zinc con- 
tent in the EAF dust to be higher than 20%. 

An upgraded dust product containing 
more than 50% zinc was considered a sal- 
able feed material for most nonelectrolytic 
zinc smelters. In 1985, a number of plants 
around the world recovered zinc from steel- 
making dusts. In Sweden, a plasma arc 
reactor capable of proceesing 70,000 tons of 
dust per year came on-stream. Zinc metal 
and nontoxic residue were produced. Plants 
to process steelmaking dusts were under 
construction in both France and Spain. The 
French plant, expected on-stream in early 
1986, was designed to process 12,000 tons of 
dust per month. Lead would be recovered by 
precipitation and zinc by electrolysis. The 
Spanish plant, which will employ a Waelz- 
kiln process, was expected to produce metal 
oxide briquets suitable as feed for plants 
using the Imperial Smelting Process. An 
annual production of about 14,000 tons of 
lead and zinc contained in briquets from the 
processing of 70,000 tons of dust was ex- 
pected to begin in 1987. 

A new technique, the Zincquench process, 
for producing Galfan-coated, dual-phase 
and related high-strength, deep-drawing 
steels at lower costs and with improved 
properties mainly for automotive uses was 
described.“ The process consisted of contin- 
uous annealing followed by a drastic quench 
in a 95% zinc-5% aluminum plus some 
mischmetal alloy bath, followed by an over- 
aging treatment. The new process reported- 
ly avoided some of the complexities of hot- 
dip galvanizing and provided greater ducti- 
bility and corrosion performance than can 
be attained with electrolytic coating. 

A comprehensive coverage of zinc-related 
investigations and an extensive review of 
current world literature on zinc extraction, 
alloys, uses, products, and research was 
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published in quarterly issues of Zinc Ab- 10 pp. ee 
stracts issued by the Zinc Development Leaching of paid Fine Sulfide Flotation Concen- 
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Table 5 of recoverable 
zinc in the United States, by month 


1984 1985 
23,081 20,500 
24,804 22,122 
26,627 
21,607 
28,294 19,694 
19,749 herz 
16,761 14,781 

16, 

1,260 19,926 
21,169 16,968 
19,021 19,602 

252,768 228.545 


Table 4.—Mine production of recoverable zinc in the United States, by State 


(Metric tons) 
State 1981 1982 1983 1984 1985 

Arizonā 6 ee ee e 188 es cuis NE 23 
Gili ⁵ði!vdd W om SE cs e" 
Sende Eh e w W W w Ww 
ö;ö%ö; ⅛ vK ee eee W w w W LÁ 
III! ĩðAA ³¹¹wwda ce ar See Ww Ww w w Ww 
Kentucky- - - ß w w W W Ww 
IOUT) (2 eae ee ea EE 62,904 63,680 51,044 45,458 49.348 
Montanā o... n 25 W Se es me 
Null! ð “ W De? PE NM Cie 
Nh; ³ AA 16,198 16,800 16,475 W v 
New Mexico «„ W NE NS OR oe 
New Vork 96,889 66,748 Ww v 
Pennsylvania __.-.-.-------------------- 24,782 162 16,192 m ies 
Tennesse 117,684 121,806 109.958 116,526 104471 
CON a ² EE 1,57 EN ss W "T 
ü ⁰˙²B A uec en ice e 9,781 MS "et ae M 
C1CC7öÄrXr ĩ˙¹¹Am AAA em cade 312,418 908,160 215,294 262,768 226.545 


W Withheld to avoid disclosing company proprietary data; included in Total. 
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Table 5.—Production of zinc and lead in the United States in 1985, by State 
and class of ore, from old tailings, etc., in terms of recoverable metals 


(Metric tons) 
Zinc ore Lead ore Zinc-lead ore 
State Gross Gross Gross 
weight Zinc Lead weight Zinc Lead weight Zinc Lead 
(dry basis) (dry basis) (dry basis) 
Arina gë NON c € is "s d di 5» 
Colorado a ^ A Dë ne n w W W 
— = bx dix: ST Si » W Ww W 
Kentucky ‘phe Ww Ww vi c We Ki v2 . ein 
Pr CR bate Gë Es -. 6439,06 49,340 371,008 (da 2 2: 
Montana EAS id Wës eh diei Wei SES -— pel 
New Jersey .. Ww Ww rs oki sm ZI oid Ge e? 
New ersey See hui b Bis De = E Ce Es ES 
New Vork W W w en M =n es "e "MS 
EES W W w E LÍ a ae Se Zë 
SOM EE 4,261,858 161,530 (1) 6,433,706 49,340 371,008 (!) (*) (4) 
Percent of 
zinc or lead _ xx 71 i XX 22 90 XX Ü (1) 
EN All other sources? ° Total 
weight Zinc Lead e Zinc weight Zinc Lead 
(dry basis) (dry basis) dry basis) 
Arizona. |... ES SR -- 51.010, 198 T 581 51,010,198 — 581 
Colorado SÉ on = ,508 Ww W 
„ D wi wá w W Ww 3901,337 W 33,0 
WEE se SS di ez Séi W (*) W 
Kentucky 7) = Se AA: "e ae e W W uh 
FS TOR Le KS SÉ Së e _ 6,483,706 49,340 371,008 
Montana |... E Geen 2 2,616,424 ads 846 2,616,424 Be 846 
m" 3 t e ena 13 a d V. ($) 
ew Jersey |... = = m "A, an. ue 
New Mexico i as "d SÉ o W W s W 
New York |. ... NN Kë Saz Ge SS W W W 
ERT CN di Se W -. 5,878,817 104,471 W 
Total Lud ns im _- 66,485,942 15,675 42,947 67,181,506 226,545 413,955 
Percent of total 
zinc or lead xx — — XX 7 10 XX 100 100 
W Withheld company proprietary data; included in “Total.” XX Not applicable. 
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Table 6.—Twenty-five leading zinc-producing mines in the United States in 1986, 


in order of output 
Rank Mine County and State Operator Source of sinc 
1 Elwood-Gordonsville . .. Smith, IW J Miniére zaś Zinc ore. 
2 Buick Iron, Moo Lead Co. of Missouri Lead ore. 
8 Balmat St. Lawrence, NY _ 8t. Joe Minerals on Zinc ore. 
4 Pierrepont ___...__- ON MUO E c E 
5 Magmont ........- Iron, MW Cominco American Lead ore. 
6 Zinc Mine Work TN ..- United Steel Corp Zinc ore. 
7 |  Á Sürling. ........- Sussex, NJ... The New Jersey Zinc Co. Inc Do. 
8 Young- ......-- Jefferson, TN ... ABARCO du Do. 
9 unit Lake, OOo CC Lead-aine ore. 
10 Beaver Creek Jefferson, W ene Mines lac ENS Zinc ore. 
1 New Market _______. T x Do. 
SET Knox, TN.....- unc Lou cuisse deem Do. 
Viburnum No. 29 aoe 8 St. Joe Minerals Cr Lead ore. 
14 Lucky Friday. ____.__ Shoshone, ID Mining Oo Bilver ore. 
15 Dy once eed Jefferson, IW SES ore. 
18 ` Pietcher Reynolds, T St. Jos Minerals Corp . Lead ore. 
17 Star-Morning ....... Shoshone, ID. Mining Co .. Silver ore. 
18 2 Iron, MW St. Joe Minerals C rp Lead ore. 
19 Rosiclare _.__.____. Hardin and Pope, Ozark-Mahoning Co Fluorspar 
20 Viburnum No. 238 Iron, MO _____- St. Joe Minerals Corp ..... Lead ore. 
— un Folk, TN o Chemical Co ore. 
Sunnyside `... oa Metals Corp ore. 
23 Pine te, Tr Black Pine Mining Co Silver ore. 
24 West Fork MO ... EE Lead ore. 
25 Clayton WD icc Clayton Gilver Ine Silver ore. 


Table 7.—Primary and redistilled secondary slab zinc produced in the United States 


(Metric tons) 
1981 1982 1988 1984 1986 
Prom ERE 259,885 — 193284 — 210815 197912 172,778 
From foreign oro 86,728 $4,892 25,879 55,220 68294 
Total EE 846,568 228,176 235,694 258,182 236,977 
At primary smelters __...._.___________ 14,488 18 40 44,930 7899 
At secondary smelters |... 0... 38784 2770 23348 83,183 2 
!! ³ꝛw-w- ⁰ es 50,192 74.288 69,390 78,118 76,574 
Grand total (excludes zinc recovered by 
remelting). - - - - ---------------—- 896,755 802,464 806,084 $31,245 311.551 


Table 8.—Distilled and ian br zinc, primary and secondary, produced in 
the United States, by grade 


(Metric tons) 

Grade 1981 1982 1988 1984 1985 
Huh... ere So ies Se el uii 187,210 112,648 95,896 123,325 96.282 
R EE OEE E has Per (K 8 81250 21076 78.511 11,802 956,065 
Continuous Galvanzin- kk 55,008 51,189 50,661 48,200 236,129 
Controlled Lead _. L2 Llc 88,660 7,612 10,281 9,384 20,962 
Prime Western `... 118,887 98,889 10,286 18,444 79,713 
Total oe p te gs ee Ee 896,755 302,464 805,084 831,245 311.55 
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Table 9.—Annual slab zinc capacity of primary zinc plants in the United States, 
by type of plant and company 
Slab zinc capacity 
Type of plant and company Plant location (metric tons) 
1984 1985 
Electrolytic: 

DW: sanc dias Sainte cc 0 — - 76,000 76,000 
ASARCO Incorporated!  — | | |. „ 104,000 104,000 
PPTP T 103,000 e 
Jersey Minière Zinc Co c 82,000 82,000 
St. Joe Resources Corp . . 8.5 51,000 51.000 
1 SS MM, QQ AA ncn 91.000 91.000 


Zinc plant reopened in May 1984 closed indefinitely in Apr. 1985. 
inc plant closed in Dec. 1981, permanently closed in 1985. 


Table 10.—Secondary slab zinc plant capacity in the United States, by company 


pacity 
Company Plant location (metric tons) 
1984 1985 
ARCO Alloys Corp. OW COPERTO QNS 
W. J. Bullock Inc- ---------------- „ m ae fc 
ED Bela WW Lue mt domm 
Reduction Corp- EES I DE ag .. n a ql 
Hugo Neu-ProlerCo_______________~_ Terminal Island, k.. 
uron Valley Steel Corr 1 95.000 95,000 
| 071 05 eee ee AES. NL. Led ier rs mt apnd ee 
The New Jersey Zinc Co. Ine 00 eis eo esa ek 
MOD Leah Lea Et o omens 0 
) T . . a EE 
Prolerized Schiabo Neu Co / ( ( 
Table 11.—Stocks and consumption of new and old zinc scrap in the United States 
in 1985, by class of consumer and type of scrap 
(Metric tons, zinc content) 
Consumption 
Class of consumer and Stocks, Receipts x Stocks, 
type of scrap Jan. 1 New Old Tota] Dec. 31 
scrap scrap 
Smelters and distillers: 
New clippings - - - - - ----- -------—--- 27 779 650 28 650 156 
P ˙ 1A 400 1.128 — l, 1,400 128 
B didi Lesage ee? 135 6,630 6,635 bugs 6,635 130 
WO ROMO SNR ME" W 583 dis 585 W 
— GERNE MERO oe ee 992 2,256 Ke 2,305 2,305 943 
FTT 1.586 11.090 BS 11,513 11,513 1,163 
tised diecastings - - - - -- --- ---- W 27,668 CH 711 27,711 WwW 
Remelt die-cast slab ________________ 642 8,662 8,800 504 
ings end ashes Lll. 32,904 72,370 79,626 is 19,626 25,648 
1 A000 A sae nk W 2,651 2,670 ES 2,670 W 
Die-cast skimmings_ ~ - - --- ---------- 2,011 5,968 7,134 Säi 1,134 845 
Galvanizer’s dross __-_______________ 8,016 44,061 42,151 S 42,151 9,926 
— vA td aman eim 3,235 4,792 4,915 = 4,915 3,112 
Chemical residues W W W m W W 
„0 T W 589 652 — 652 W 
— OESE —— es 53,581 190,522 145,777 52,314 198,091 46,012 
Chemical plants, foundries, other manufacturers: 
DE ie- Loon pe en ea ene W W W W W W 
a oor IIO ¹ AA ˙¹ w etn W W W w W W 
Skimmings and ashes W 4,631 4,474 ge 4,474 W 
Sal skimmings -----------------—- W 2,863 2.359 — 2,359 W 
Galvanizer’s dross .. .. W W W W W 
FRED. ey eer ene W 11.832 11,503 "s 11,503 W 
Chemical residues W W W W W W 
Coo isin tec AAA A W W W W W W 
z 2,835 21,354 20,005 359 20,364 3,825 
Ond TUM io ce ccs eek eet 56,416 211,876 165,782 52,673 218,455 49,837 


W Withheld to avoid disclosing company proprietary data; included in Total.“ 
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Table 12.—Production of zinc products from zinc-base scrap in the United States 


(Metric tons) 
Product 1981 1982 1983 1984 1985 

Redistilled slab zinc .... A A 50,192 14,288 69,890 78,118 75,574 
Dinc dust ²⅛˙ ↄ ↄ ̃ Se i Ee : 25,296 mt 36 899 
ff gue se ee See 1 69 71 
ee slab . STEE 6,722 3,906 8,109 4112 $8,069 
Zinc die and diecasting alloy 5,366 6,535 

vanizing stocks aoe EE 2,612 2,507 2,801 Li 
Secondary zinc in chemical products ...........------ 61,827 59,0856 "66,221 55,808 


"Revised. W Withheld to avoid disclosing company proprietary data. 


Table 13.—Zinc recovered from processed in the United States, by kind of scrap 
and form of recovery 


(Metric tone) 
1964 1985 
KIND OF SCRAP 
New scrap: 
— iecit mm um 
Magnesium TEE 190 i 
r TTT 317.805 290,702 
Old 
— us nm 
Sieg Tee 384 
Magnesium- bas 220 214 
% ³˙¹¹¹¹ ˙⅛o¹ arc ⅛˙Ü. cce d ecce epg Eua LUE 80,764 74312 
Grand total ences eua y . e EUM. 898,569 865,014 
FORM OF RECOVERY 
By distillation 
PP ³⁰ð in. ß ̃ E. ed 78.113 75.574 
Zinc dust- ⁵ĩ˙1dw])M ⁵³¾ 60k½ u: m uu ð b m ee i eo EE 40. 36. 
By remelting ²˙˙.¹mm ͤyß m;. yd 1,112 
Rp, JEE 121,248 118,585 
zinc-base alloys____ A A A A A A A A A A a 9,492 8,7% 
In brass ft y ee Ee T200,792 186.281 
In aluminum-base alloyuůũeuůuV“VUtttnsunsns ee ee eee 466 
jum-Dese alloys . -~ ³ðW8A ee ee e c 350 282 
In chemical products: 
oxide (leed ο ] EE 40,072 82.036 
net ͥ⁰ med m mete E E ELI 18,687 15,506 
Zihcchlorida p pp p ññ t eae 12,398 1,841 
P o eru eue neue eu eL a M i LE de 164 
J·?ĩ?Ü—ê9 wn cR uL Ld acer ON d tL 277.821 251,429 
Grand total uec y EE wae 898,569 865.014 


"Revised. 
1Includes zinc content of redistilled slab made from remelt die-cast slab. 


Table 14.—U.S. production of zinc dust: 
Value 


it 
Year Keege Total Average 
tons) (thou- per 
sands) pound 
1981... ....- 48,734 $53,801 $0.558 
19822 81,516 49,321 .596 
1988... Le 40,508 45,849 513 
1984... ....- 46,487 67,846 662 
1985 —— - 29,542 81,123 .570 


Does not include zinc dust produced for internal plant 


ZINC 1051 


Table 15.—U.S. consumption of zinc 


(Metric tons) 
1981 1982 1983 1984 1985 
Silab sinc reported ⁵ A 840,875 709,491 805,891 848,903 164,152 
Ores and concentrates (zinc content?! 60,643 35,515 38,287 47,637 42,284 
Secondary (zinc content 281,851 208,105 216,310 318,018 288,328 
Qj ` bbe URP PURIS A SENT Bes oe thee 1,189,369 953,111 1,120,548 1,214,558 1,095,364 


Includes ore used directly in galvanizing. 
?Excludes redistilled slab and remelt zinc. 


Table 16.—U.S. reported consumption of slab zinc in 1985, by industry and grade 


(Metric tons) 
Continuous 
8 Ren e Galvanizing Controlled Prime  Remelt Total 
Grade Grade 
. 69,807 65,884 37,109 25,086 161,776 1,741 861,353 
— n 216,864 1, 3 218,313 
Brass and bron re 43,897 17,679 22 129 12,409 3,784 77,920 
Rolled zinc AA ,889 ei d 14,131 e: up 48,020 
0 Do — 89,183 419 ste e Ge? ic 89,662 
— — ic t zi 16,912 1,939 — Së 633 2s 19,484 
Tul. -zaa 420,552 87,409 37,131 89,296 174,839 5,525 164,152 
Table 17.—U.S. consumption of slab zinc, by industry and product 
(Metric tons) 
Industry and product 1981 1982 1983 1984 1985 
Galvan 
Belt and AM. — ord Rc qo d mesi 006 204,519 230,541 2 226,489 
Wire and wire rope |... 22,119 17,180 8,328 18,430 14,437 
Tubes QUI DNE Li os C eee eines 89,418 84,322 34,907 39,463 580 
Fittings (for tubes and pipe 369 5,707 5,990 4,446 8,830 
Tanks and containers 5.781 6,507 4.195 4.044 5.442 
— ͤ K.. al mod 33,667 28,816 29 35,494 $1,444 
ae d opua vo nep qo Dp ess 8,693 2,614 2,518 6,411 
Pole-line hardware . 3,788 2,955 3,013 8,326 755 
Fencing, wire cloth, netting |. 17,722 17 15,916 12,644 18,319 
and unspecified uses 484 21.810 27 
— a ͤ ——— VJ" 411.047 842,044 373,179 315,623 861,353 
Brass and bronze products: 
Sheet, strip, plate AES 42,006 81,718 43,083 55,583 487 
0 A 86,639 y 34,231 17,814 
EE 6,440 465 4.058 4.750 2,705 
Castings and billets 2,211 7,499 9,726 12,183 
88 c sere we rp ee 20,167 13,278 16,405 19,446 13,986 
copper-base products... | 4,854 8,915 503 745 
Total assi aintbsw E 112,986 81,138 107,935 125,594 77,920 
alloys: 
—: A o aw cece 234,957 191,607 204,820 216,306 205,388 
Dies and rod alloys |... ~~ = m E 
Slush and sand-casting alloys `... 8,408 6,147 8,071 14,660 10,373 
——————Ém€ at 243,365 197,754 212,891 232,632 218,313 
Be d o ad is eati de Vo ges dee e needa 23,156 87,168 56,291 56,886 T 
vocem or Baer tac as ee alt kde tat ci 25,657 32,374 36,201 81,038 39,662 
Light-metal alloys _ - - - --- ---------——- 8,183 8,326 12,538 14,922 15,204 
Miscellaneous? ͤ Vw 16,481 10,687 6,856 ,208 4,280 
TTP AA 24,664 19,013 19,394 21,130 19,484 
Grand tot 840,575 709,41 80589] 848903 764.752 


Includes zinc used in penny production. 


Includes zinc used in making zinc dust, wet batteries, desilverizing lead, powder, all chemi castings, and 
miscellaneous uses not elsewhere mentioned. "Ps * 
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Table 18.—U.S. consumption of slab zinc in 1985, by State 


(Metric tons) 
Galva- Brass Die- 
State 3 ills! ters? Other? Total 
Alabama `... 14 „„ W m = 19,336 
Arkansas .—— ĩ⅛ðà ðͤ m — Ww WwW 
California = 22.4 Joe Ie mim nmm nee 27,771 1,060 x 3.841 82,672 
Colorado- Se endo W zx w Ww 
Connecticut... LL ~~~ ek 2,853 6,030 W 18,428 
Delaware 4 ⁵ðV—Q 6 W nae W E Be 22 W 
Florida. a a ee C ut E W m ae po 
J%%%%%%/ͤ a ͤ d W e W -— 1,110 
HàWRal- 2 eun REI E ee ee W Se Ger c 
OT . aa a LE 58,425 13,301 24,111 11,926 102,768 
/) Ee ee 68,522 W W W 84,719 
JJöÜù—iÜ . "M us Y Ww 
Fenn ð v Hie Eu: 16,550 T" TNCS ic: 16,550 
Louisiana ~- ----------------------- W = W — 2,545 
Maine ee OR CS S W Gë tg w 
Maryland ------------------------ 11,359 am c Lc 1 
usetts .—..--------- -n-m 2,481 Es W 3,148 
Mett 8 602 50,985 Ww 55,744 
Minnesota... ee 654 i SN SC 654 
Mississippi ~- —————À W Ka Se Su Ww 
Missouri . o ------- 8 W "ig SU Ww 3,552 
Nebraska en e vi e be NN NN ré w aie m W 6,056 
New Jersey ~- ------------------ ee 1,618 W W W 9 
New Vork 409 w 88,565 W 113,749 
North Carolina... - -- -------------- W € wW ae 
G)))ͤͤ ³·¹ ( et eee eek 84,251 W $2,574 W 16,154 
ORÍISDODB —.— e estes m met etm W M a w 3.118 
Oregon- uo er A eee w SE W WwW 1,353 
Pennsylvania 47,466 6,268 wW W 80,102 
South Carolina... -~ -------——- W SC ES «m W 
Tennesse 838 Ge W W 
Ters genu nux uuum Quee does 10,556 "s wW W 10,715 
Utah. oo e eee W ie Ge zs 
Ver, TR W W —.— 4.611 
8 y „ „ 1 & 
est Virginia ~- --------------------- gë zs 
Wisconsin Li ---------------------—- 725 757 W W 7.517 
Undistributſddſdſdu 4 75,625 41,723 22,080 91,400 19,502 
Totalt cel hat 8 859,611 74,184 218,815 107,167 159221 
W Withheld to avoid disclosing company proprietary data; included with “Total” and “Undistributed.” 
Includes brass mills, brass ingot makers, and brass foundries. 
Includes producers of zinc-base 55 dies, nd rode 
"Includes slab zinc used in rolled zinc products and in zinc oxide 
*Excludes remelt zinc. 
Table 19.—Rolled zinc produced and quantity available for consumption 
in the United States 
(Metric tons) 
1984 1965 
Production oos Big ³¹·Ü˙¹nͥ ²⁰mmmm ed ce Le Le Ee ĩ ee ee 55,633 46,641 
aided e mE M mee E ISS Ee eee 975 776 
EE EE 850 943 
Available for consumption ocu ß ß Mae ema ei 52,343 48.119 
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Table 20.—Production and shipments of zinc pigments and compounds’ in the 
United States 


(Metric tons) 


1984 1985 
Weieng Shipments Produc: Shipments 


Zine oxide eer 150,623 146,918 137,382 136,129 
Zinc l — Á——— e Ó 87,408 87,112 42,316 42,509 
Zinc ne.... ec oes 25,664 26,705 20,546 20,041 


1Excludes leaded zinc oxide and lithopone. 
"Includes zinc content of zinc ammonium chloride. 


Table 21.—Zinc content of zinc pigments! and compounds produced by 
domestic manufacturers, by source 


(Metric tons) 
1984 1985 
Zinc in pigments and com- Zinc in pigments and com- 
pounds produced from pounds produced from Total 
Slab Slab Seco 
Ore zinc ma Ore zinc ` materi 
Zinc oxide |... 48,450 87,088 40,072 120,560 38,168 39,66 $2,086 109,866 
Zinc sulfate |... wW ate 15,150 15,150 W s 17,188 17,188 
Zinc chloride d eae E 712.458 712,453 TE 9,782 9,782 


"Revised. W Withheld to avoid disclosing company proprietary data; included with "Secondary material.” 
1Excludes leaded zinc oxide, zinc sulfide, and lithopone. 
*Includes zinc content of zinc ammonium chloride. 


Table 22.—Distribution of zinc oxide shipments, by industry 


(Metric tons) 

Industry 1981 1982 1983 1984 1985 

Agriculture. A 1,828 8,929 2,569 2,380 2.575 
JJ ⁵ ⁵ ⁵ ⁵⁵ EE 7.822 5.215 5.987 7,472 : 

Chemicals _________________ slc 2222-2 20,561 19,432 19,217 23,611 22,466 
er WEE 12,346 9 9,716 8,117 8,215 

en a ge a A il etna Nk MUCHOS 10,808 9,516 10,289 9,246 8,3 
A 69,364 62,923 61,971 79,390 11,552 
)))) (0b ĩð 8 21.222 17,136 19,355 16,702 15,715 
Totll — ut ⁰o˙ ww 148,951 127,484 185,054 146,918 196,129 


(Metric tons) 

Year Agriculture Other Total 
KEE et BE Ami ee, 29,882 9,040 88,922 
1öÜo9;7ͤ i a aaa aaa ee ee ĩð v ERES 29,373 5,613 84,986 
J ⁰¹ r.. 28,162 8,950 87,112 
1985: EE EE tA A LN E 33,786 8,728 42,509 

Table 24.—Stocks of slab zinc in the United States, December 31 
(Metric tons) 
1981 1982 1983 1984 1985 
Primary producers U!!! 41,124 30,381 20,750 42,025 29,030 
Secondary produoerrr2LSsz .. 8.540 3,831 3,149 4,308 3,389 
Consumers nuu - -= - - - - — - — = — — = = 81,917 17,565 89,041 72,506 58,923 
Merchants — - ----------------—-- -= 68,773 47,397 35,199 18,792 ,168 


Total. oe ³ f eee eee Seen ce e 195,354 159,174 148,189 187,626 118,505 
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Table 25.—Consumer stocks of slab zinc at plants in the United States, 


December 31, by grade 
(Metric tons) 
i Continuous 
Year P Grade r Lead Grade Western Remelt Total 
Nee te ee 40,296 6,310 8,963 2,284 19,487 216 72,506 
CCC $2,485 5,161 941 2,187 17,416 181 58,923 
Table 26.—Average monthly U.S., LME,' and European producer prices for 
Prime Western zinc and equivalent 
(Metallic zinc, cents per pound) 
1984 1985 
Month United LME European United LME European 
States? cash producer States? cash producer 
January o ne en 49.22 43.41 44.45 42.94 89.20 40.82 
February _ .- - - -- -----------------—- 50.61 45.26 47.63 42.65 40.14 40.82 
March- |--2 luce uec 8 51.07 47.16 41.63 43.20 41.70 41.90 
Ape — (—————ae'— 51.90 45.52 49.44 44.88 42.14 43.54 
| D a ee E cs 8 52.77 45.38 49.44 45.12 39.87 42.99 
June: oo eto ⁰⁰⁰y iA e pe an 52.45 42.61 48.90 48.13 36.56 40.48 
DU SE 49.52 38.70 45.34 41.44 84.70 38.06 
August C or T8 47.85 87.81 44.91 89.84 83.29 $7.14 
Septemberrõrrrrr 46.42 $9.31 48.12 37.86 31.24 35.38 
Oi E See ec 44.19 38.09 40.64 35.76 28.62 33.53 
NM! ³ AAA 43.60 38.67 40.82 $3.36 27.06 30.10 
December p ee mos 43.62 88.87 40.82 88.61 81.05 90.56 
Neri. ee eee ee 48.60 40.46 45.30 40.37 36.23 37.94 
1London Metal Exchange. 
*Based on High Grade zinc delivered. 
Source: Metals Week. 
Table 27.—U.S. exports of zinc and zinc alloys, by country 
1988 1964 1985 
Coun 1 Value tity Value p peer Value 
ST metric (thou- i (thou- metric (thou- 
tons) sands) tons) sands) tons) sands) 
Unwrought zinc and zinc alloys: 
Australia 12 $46 (*) $2 ic SN 
Belgium- Luxembourg 1 2 (7) 1 20 $22 
Canada 416 762 88 222 432 925 
S ee 57 898 419 501 451 
Costa Ria 12 21 5 12 7 9 
Egypt - - -- -- A zx mo 1 4 255 250 
Germany, Federal Republic of 1 2 16 85 21 18 
Gn dere Se Sat A SEN xs 26 26 
India o: sno Ge * er mie oe 48 62 
lara!!! ie 1 8 25 56 
Japin- uoc eee 28 16 166 220 81 73 
Korea, Republic bbb 15 108 96 87 98 
Mexico 4 17 13 187 79 201 
Netherlands e us (4) 1 21 67 
Panama ` -------- 10 17 40 63 5 9 
pe 140 ial 2 14 à e 
,, ee Ae EE 1 
San MM x m 22 24 
Switzerland |... ..- 72 877 2 6 1 1 
Taiwans 288 260 $61 332 618 463 
United Kingdom `... 41 181 8 34 12 ES 
Venezuela LL LLL cllc 4 14 2 4 20 8 
Other! r35 r99 149 r165 11 56 
// 1.089 2,395 1,848 1,798 2,251 2.936 
Wrought zinc and zinc alloys: 
Argentina. 17 88 19 53 17 " 
Australia 8 2 6 13 1 1 


See footnotes at end of table. 
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Table 27.—U.S. exports of zinc and zinc alloys, by country —Continued 


1983 1984 1985 
Coun — Value ti Value tity Value 
ud metric (thou- i (thou- y uie (thou- 
sands) tons) sands) tons) sands) 

Wrought zinc and zinc alloys — 

Contin 

Poe eA AE PER UNTEN 8 $12 46 $53 41 $52 

Belgium-Luxembourg ------- 2 14 e " ENS 3 

C 1 el 1,762 769 1,571 L879 2,085 

Colombia 14 42 24 56 13 56 

Dominican Republie 9 10 8 29 11 45 

Ecuadooeo⁸rr l2- 9 30 12 35 20 41 

Egypt JSC 11 25 1 4 6 17 

vador ------------- 12 36 3 14 6 18 

France `... 5 9 4 6 23 69 

Guyana 5 11 5 9 4 11 

India ----------------- 9 19 21 Se 25 

T Po a 1 8 NT m 

Japan 39 55 15 25 9 2A 

0. c (1) 1 (*) 2 14 84 

Leeward and Windward Islands _ 25 22 43 33 1 1 

Libya - - - -------------- 119 340 1 1 8 7 

Mexico — 2n oe 147 895 887 932 891 821 

Netherlands Antilles 2 16 19 23 6 4 

Nicaragua e 25 42 4 14 25 Sa 

Pakistans 3 8 1 4 eH ze 

Panama 1 8 4 10 20 41 

Philippines 84 108 12 88 8 9 

Sa Chen F 28 72 9 16 2 24 

25% E oe 4 20 8 15 1 1 

South Afr Africa, Republic o 18 42 95 203 H 2 

Switzerland _____________ Se E» 46 180 17 68 

Taiwan . ~~... -__ 72 123 92 171 84 83 

Trinidad and Tobago 2 me 15 42 21 85 

United Kingdom 90 218 88 142 48 41 

Venezuela ________.._._- 5 12 E- 2 83 182 

Other "63 "281 "41 101 "m 181 

Total on Se ce 2,008 8,805 1,815 8,947 2,210 4,071 

Includes Kerg Barbados, Dominican lic, Ecuador, El Salvador, France, Guatemala, Honduras, Hong Kong, 

S n C, ; ong 
italy Leeward and indward Islands, Libya, Netherlands Antilles, New Zealand, Peru, Philippines, the Republic of 
Sou ica, and the United Arab Emirates. 

*Includes Austria, Belize, Bermuda, China, Costa Rica, Denmark, ee the Netherlands, New Zealands 
Germany, Ghana, Guatemala, Hong Kong, Iran, Israel, Jamaica, Kuwait, the Netherlands, New 
Norway, Peru, Portugal, Qatar, Somalia, Sri Lanka, Lanka, Turkey, the United Arab Emirates, and Uruguay. 

Source: Bureau of the Census. 

Table 28.—U. S. exports of zinc 
SS Blocks, pigs, anodes, etc. 
" concentrates Unwrought em 
ear 

caer e bin B-— thou "Quantity ` Value "SI: bim 
e 
e n ae 60,168 $22,868 427 $801 662 $1,594 
ak WEE 90.579 18,858 760 975 588 823 

1985 23 8,216 1,011 1,525 1 

= Enc enc Mine Waste and scrap Dust 
ener ates Angles, Dum (zinc content) (blue powder) 

KE ` Quantity Value KS Valu tity Value — Value 
(thou- (thou- metric (thou- 
sands) are tons) sands) tons) sands) 
1983 PC PR : 957 $2,142 1,046 $1,663 28,255 — $15,889 1,914 $3,000 
1984. —— ewe 8 975 2,421 840 1,526 89,146 20,360 2,933 8,511 
JT ͤ ͤ 776 1,978 1,484 2,098 48,947 19,600 2,087 2,480 


Source: Bureau of the Census. 
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Table 29.—U.S. exports of zinc ores and concentrates, by country 


(Zinc content) 
1984 1985 
Country ers Valoo Quay Val 
, he Se ee d : $1,801 Se X 
%%%%%%CGRTTFWTTTP wf K a a 19,102 6,141 $3.26 
PT d = 1348 e 
lucc peo eri o eos E 15 p 2 
J%7%%/%%%%%VꝙꝙꝙhGõßũͥ ͥͥͥ ͥ d GE Ki 2 4 
Haly. clou REESE LEER os Se 22 5215 2,338 
n ⁵ ð ſ ⁵ Sere 56 s 
Japan- Lu c oL enu y . mecs e n 6,043 1,519 
Korea, Republic of «„ 83 19 Sa » 
RCO o s E cL et EE 1 866 SÉ? c: 
Taiwan ___________________________- SR mE 62 E 
USSR noon ĩ⅛˙ ͤ mm mtr eet 5,783 2.285 SEN Se 
gv, d NEE 30,579 18,858 23,264 8,216 
Source: Bureau of the Census. 
Table 30.—U.S. general imports of zinc, by country 
1983 1984 1985 
Coun ti Value tity Value Value 
e Ss d es SS Ss un 
tons) sands) tons) sands) tona) sanda) 
ORES AND CONCENTRATES 
(zinc content) 
Australia 2.261 $1,118 57⁷ $1,264 934 $819 
Canada - -..------------—- 13,715 5 $4,717 14,681 47,200 18,351 
German any, Federal Republic ff 6,552 1,067 ES Ge RN un 
ERGO TON MER ER 12,632 8,920 10,352 4,365 14,302 4,175 
Bee cata ĩͤ v 17,881 4,518 20,125 6,650 12,988 4,222 
ͤͤ 8 9,186 17,610 7,100 18,402 4970 
South Africa, Republic o - - — - - Se Me 10,186 2,688 478 1,963 
United Kingdom `... 2 P NS s 92 64 
Total -.lmluz- es 62,210 17211 95,561 86,643 91,891 834,94 
BLOCKS, PIGS, OR SLABS! 
Algeria 2,051 1,846 408 874 ae 
Argentina "- 1,741 
83 33 a ee "o 28,331 28,188 28,292 29,610 26,482 
Belgium-Luxembourg ________- 5,820 8,787 8,366 2,750 1,000 8e? 
Brazil... 2S2 c2 clc. 3.280 4 Se 
Canada gege ee es 307,156 263,145 840,380 851,715 883,618 826.388 
Congo. o o on o ure 1,311 1, x 
RAM Eo ERO EO ODER 25,402 20,614 15,953 16,197 19,601 16.832 
JJC Pr T 8,932 6,858 12,923 12,807 5.410 4,02 
Germany, Federal Republic of 29,675 23,645 21,930 21 era 11,991 11.997 
VV 11,918 9,488 18,719 12,270 = Se 
Japae n EN Sa i 8,050 2,700 
Mexico 56,029 44,433 56,221 55,352 58.846 
Netherlands 21,544 16,546 17,296 16,284 18,063 10,238 
Netherlands Antilles 100 85 — es e EN 
Nig VVV 9.19 7277 13,848 12,790 10,822 8,975 
OFWly- o ne num i 
Panama `. Glen mn S er 18 
PUT usos aL 45,318 34,729 84,025 82,117 936,326 29.104 
Poland WEE 9 1,082 600 607 652 l 
Saudi Arabia `... - ENT ae no een 89 25 
South Africa, Republic oo 1,000 644 998 ; 3,696 2.753 
PEE P I a as Dt wear 18,728 14,453 16,907 16,476 17,058 13,370 
ENTIER 8 143 115 4,000 937 ENS A 
Switzerland `... — ts 100 78 E 8 
Taiwan _ = e ES ES 6 T 
Tanzania 870 261 173 178 c Ee 
Kingdom 9,602 7,381 5,685 5,251 6,779 Au 
Yemen (Sanaa 21 EM zm dc Rc 


See footnotes at end of table. 
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Table 30.—U.S. general imports of zinc, by country —Continued 


1983 1984 1985 
Val Val ti Val 
* = ES en E Ss SG 
tons) sands) tons) sands) tons) sands) 
BLOCKS, PIGS, OR SLABS' — 
Contin 
Y PPP 1.558 $1,247 2,467 $2,251 Bä Bä 
T 24,598 18,623 82,929 25,169 12,042 $8,597 
PPP dee um 2,476 2,291 Sp d 
c veh Mbit ie 613,367 501,851 632,172 629,804 610,762 507,898 


In addition, in 1985, 382 tons of zinc anodes imported from Australia, Canada, Denmark, India, I Mexico, 
Norway, Sweden, Swi Switzerland, Taiwan, Thailand, and the United Kingdom. Së 


Source: Bureau of the Census. 


Table 31.—U.S. imports for consumption of zinc, by country 


Ui 1984 1985 
ti Val Val Val 
aan WEE dex F 
tons) sands) ) sands) tons) 
ORES AND CONCENTRATES 
(zinc content) 
. A ea es $114 1,683 $301 1.986 

PF 17.165 96 21 9,533 50,081 20,017 
Germany, Federal Republic |] Republic c us 1,067 — wa "s Së 

ENE Lac EARNS 11,709 10,118 4,102 14.802 4,175 

Eu So epee La aa ebe 17,988 4,596 20,118 6,639 12,900 4,149 

„„ EE nu qi die 2.956 6,605 5,972 10,452 8, 
South Africa, Republic of ___ _ _ _ _ Së Ss 10,186 2,633 1,963 
United Kingdom |... Se Ges 255 tes 92 
PB EE 63,156 16,548 86,172 29,186 90,186 83,626 
BLOCKS, PIGS, OR SLABS? 

„„ 2,051 1,846 408 374 - 
eee as Be Ke — 1,741 
Australia == tt 30,537 23.881 23,188 23,292 29,610 26,483 
BUM Laon nsIuMAAAmMS 102 87 xus Ef SS? 
Belgium Luxembourg _________ 5,820 8,781 8,966 2,150 1,000 802 
PPP $07,156 263,145 240,490 351,836 383,618 326,388 
fe 20,651 16,305 20,704 20, 19,601 16,832 

FFC 8.982 6,858 12,923 1 807 5,410 027 
German; Federal Republic off 29,675 23,645 27,990 27,543 11,991 11,987 
A 11,913 9,483 13,719 12,270 NW e 
EE Cie 8,425 8, 3,050 2,700 
PPP 59,568 46,706 58,416 57,058 
Netherlands . | = 21,544 1 6,284 13,053 10,293 
Netherlands Antilles 100 ies ES — zx 
MM Lis caa mE EAM EEG 2,553 2, ak B e Ss 
PP 9.966 1,841 18,348 12,790 10,822 8,975 
Se een a A" ^ * 13 
OEE ERE AIRS, 45,318 34,729 84,025 $2,117 29,104 
an ee 917 1,082 600 652 
Bull ee eet dee See va i 89 
Spain — 18978 14,691 16907 16.476 1188 12.70 
PPP 143 15 4,000 f gin) ES 
Switzerland ______________ ae ad 100 * * 
Qoo pM! 26 D 6 7 
United Kingdom ____________ 9 $02 Ir 6.606 5251 6,719 5,320 
Yemen (Sanaa 127 100 ^ led Js 

EE 2098 am 2 eme wë 85971 
PV bé Lib 2.416 2.29 Be, * 
PPP 617,679 508,888 639,228 635,940 610,900 508,003 
!In addition, in 1985, 332 tons of zinc anodes was imported from Australia, Canada, Denmark, India, Italy, Mexico, 


Norway, Sweden, Switzerland, Taiwan, Thailand, and the United Kingdom. 
Source: Bureau of the Census. 
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Table 32.—U.S. imports for consumption of zinc 


Ores and concentrates Blocks, pigs, Sheets, plates, strips, Waste and 
(zinc content) slabs other forms scrap 
ti Value i Value Quan Value i Value 
p vci (thou- eris (thou- porte (thou- peor (thoo- 
tons) sands) tons) sands) tons) sands) tons) sanda) 
1988— 68,156 $16,548 617,679 $503,888 319 $426 8900 $1,676 
1984_._ ..- 86,172 29,186 639,228 635,940 850 1,308 6,259 3.940 
19888 90,186 83,626 610,900 508,003 3,559 2,757 8,241 1848 
Dross and skimmings Zinc fume Dust powder, 
(zinc content) (zinc content) Total 
tity Value ti Value tity Value value? 
— SS Se Se — =. 
tons) sands) tons) sands) tons) sands) 
198398 6,508 $8,314 631 $420 6,533 $1,126 $533,396 
1984 .—— nc 5,021 8,161 814 171 7,572 9,505 683,211 
1985... Seege 4,942 2,419 us m 8,681 10,781 559,434 


i pane cogne alloys of zinc were imported as follows, in metric tons: 1988—49 ($84,907), 1984—118 ($100,047), and 1985— 
,096 ( 419). 
Per sam the value of manufactures of zinc imported was as follows: 1983—$542,571; 1964—§926,961; and 1985— 


Source: Bureau of the Census. 


Table 33.—U.8. imports for consumption of zinc pigments and compounds 


tity Value tity Value 


tons) 

TT TEE 85,741 $35,516 89,315 $35.122 
Zinc sulfide numum dd ' 1,455 672 1,097 
BAS SOOT RS EE REC Moser Ox sacer M EE 1,455 793 1,108 60 
inne ----- ---------- ? 1.226 855 1.668 
Zinc sulfate _ - - —- - ncc i ce c -=m 2,855 1,574 3,615 2,049 
cyanidé ³˙¹Ww⅛A]]ͤ ⁰¹ůůuw- ] ᷣ 150 160 254 
Zinc hydrosulfite -.----------------------------- 288 477 142 z 
Zinc compounds, n. a.p.ffſũyUUUUPU U — 9,735 1,204 4,858 1361 


Table 34.—Zinc: World mine production (content of concentrate and direct shipping ore 


unless noted), by country’ 
(Thousand metric tons) 
Country 1981 1982 1983 1994» 1985* 
MF ERES ENT ng ah ae 110.7 711.1 12.1 14.6 129 
Argentina. - occ - - =- =- -- -=-= T35.2 86.4 86.6 35.9 36.9 
Australiui sn 518.3 664.8 699.0 659.1 9734 0 
Austria nuuc uer uon m Oe ee EE 18.2 19.1 19.4 20.9 215 
Bolivie- unc ↄð ↄð asc mex PAD UE: 41.0 45.7 47.1 37.8 410 
ciu mc IL Ito M A m ede 195.2 7110.6 118.6 108.2 1108 
e i igs APS pec ⁵⁵ͤdndil in 65.0 66.0 68.0 68.0 6&0 
TEEN 3.6 5.4 4.5 5.3 344 
WT, TEEN 1,096.0 1,086.1 1,069.7 1,207.1 1.1750 
Chis ees ee pea eed t 1.5 5. 0 19.2 189 
China” oaen c eL EE 160.0 160.0 160.0 160.0 1900 
Colombia _________~ ~~~ A A A 3 S x = 19 
(Brazzaville? ___.-______________ 3.0 8.0 8.0 T9 8 A8 
Crochoalovak ia 19.2 19.3 9.8 7.2 13 
mu "ERR 7 15 (3) Zi H 
Finland WEE ENG 58.5 54.6 55.9 602 61 6 
Prane@ EE 87.4 $7.0 34.3 $6.2 89 
Germany, Federal Republic oſ . 110.7 105.8 113.5 1138.0 1175 
Diminuer E D 21.0 20.4 21.3 *21.5 220 
F! a ⁰⁰ Oe 79.7 80.0 73.1 71.8 970.4 
Gent ð 8.0 1.0 evt m oe 
Honduras ` -——----------------------_—- 16.2 24.6 88.0 41.5 344.0 
Hui 8 1.3 1.5 24 28 24 


3 
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Table 34.—Zinc: World mine production (content of concentrate and direct shipping ore 
unless noted), by country! —Continued 


(Thousand metric tons) 

Country 1981 1982 1983 1984P 1985* 
B A AAA 29.1 29.1 40.4 44.3 244.3 
. ·˙·w¹w RR 35.0 40.0 30.0 30.0 36.0 
1ÜT) —— . ake 120.3 167.2 186.0 206.1 192.0 
TT RECESSO RUE EE MA 43.9 39.6 42.9 42.3 245.4 
—— ⁵ĩ⅛ ausim ͤ . ͤ . ͤ 8 242.0 251.4 255.7 252.7 2252.0 

TL GM TRIN E PUEDE EPOR REEL ef 140.0 140.0 140.0 140.0 160.0 
— UN EEN 56.2 58.2 56.0 49.2 44.8 
EE T RUSSE NEP A Np 206.6 242.3 266.3 303.6 280.0 
Pw c GVP E SE 7.2 11.2 17.5 110.9 13.6 
MONA ses ͤũB ̃ Qd diis E pear eit aui Tia 29.6 32.2 33.5 32.2 229.7 
NN o 0 0 0ͥ00 EE EECH d 1 Jl Jl 1 
TTT PREDA Ä ⁵˙ eee ee 28.5 31.8 32.3 28.7 227.8 
PPP NC M PERPE 498.9 507.1 516.4 558.5 2588.6 
PRSE 0 . 5.8 3.0 23 22 21.9 
sae ek T NS teh EE 1201.5 7183.5 189.0 190.7 181.0 
ge NUR NIE PRY RUE, RECIBE 50.0 45.0 45.0 44.0 0 
c ͤ¼Ä—— mds 87.2 91.5 110.0 106.1 296.9 
JJ ⁵]ðWs ] ðͤ dd PR rt en 182.0 167.0 167.7 230.4 2227.8 
DOE cia Ai AAA 180.9 185.0 202.9 205.9 2206.8 
. ³·˙⁰dw. ¹⁵ꝗʃ died ;ͤ—]mũ—ę0ͥ Oe 2 — 41.4 77.5 
P —A—A—A—AA . A dawnt a i Gs KE 18.4 7.5 6.7 5.5 
TP! ² mw ee 780.8 183.5 31.1 50.7 50.4 
` `. ege 790.0 800.0 805.0 810.0 810.0 
DN ͤ——— AAA AA 10.9 10.2 8.9 7.5 25.4 
1 W ct ] ’ —⁊ E ae awe 343.0 326.5 296.7 277.5 2251.9 
—:. . k py np EEN 6.5 6.0 7.0 7.0 5.0 
(oU LL AAA A re 88.6 83.8 86.8 82.0 84.0 
:. Ss Rm eda EC eh d 63.3 82.1 16.2 74.8 74.0 
TT eem dcm ¶ ę Wm Md ad ea 740.6 152.0 55.2 41.1 36.0 
po —————— ———— A ™5.918.9 6,125.8 6,350.7 6,563.8 6,656.0 
*Estimated. Preliminary. "Revised. 
Table includes data available through July 15, 1986. 
Reported figure. 
Less than 1/2 unit. 
*Content in ore hoisted. 
Table 35.—Zinc: World smelter production, by country: 
(Thousand metric tons) 

Country 1981 1982 1983 1984? 1985* 
/ AAA Ree mmc 127.0 128.5 31.2 35.0 31.2 
Argentina, primary . . 26.8 28.9 82.0 31.0 31.0 
" Primary? 295.9 29 298.5 301.9 288. 

2 EERE ET 1.4 1 4 
Secondary APO ee ae 4.5 4.5 4.5 4.5 4.5 
PERPE. eser oer re enn ui = mà — di * 
Belgium, primary and secondary 234.1 228.3 262.6 210.7 277.0 
38 91.9 95.5 99.9 106.9 110.0 
er ENEE EO 19.0 14.4 1L0 1.5 10.0 
dba et NS 8 . * oe 110.9 114.4 120.0 
primary and secondary“ . .. j .0 90.0 90.0 90.0 
sete 5 c TEE T 617.0 683.2 3692.4 
China, primary and secondarꝶ7/ ------- 160. 160.0 175.0 185.0 190.0 
undifferentiated. _ - - -- -- ----—— 9.0 9.2 r e91 reg} 9.2 
/ —W[ↄ—L—A a I Bem — ew 139.8 1155.0 155.3 158.8 2160.4 
France: 
PERMANERE ae at. 232.1 223.8 1281.5 238.8 230.0 
"TT", ĩ˙·Ü 2 ̃ ͤôͤAìñ E EE Se 25.0 20.0 18.0 20.0 17.0 
ER 257.1 243.8 249.5 258.8 3241.0 
German Democratic Republic, primary and secondary* 16.0 17.0 16.5 17.0 16.0 
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Table 35.—Zinc: World smelter production, by country: —Continued 


(Thousand metric tons) 
Country 1981 1982 1983 1984" 986° 
Germany, Federal Republic of: 
JJ EE 381.5 908.4 828.7 825.6 *3399 
Secondary — - - - --------------------- 85.1 81.6 218 368 2273 
Greece, secondary S EDD id ee eS as NA NA NA Ki 
Hungary, secondary! -------------- 6 6 6 D 4 
India: 
Primary - - - ------------------------ 87.4 652.6 53.3 55.8 9 
Secondar ß 2 2 2 2 2 
Basha ĩV5AA T8 87.6 58.5 56.0 711 
Italy, primary and secondary |... Ll. 180.9 7168.6 155.9 169.7 32156 
Japan: 
Primary 20 oo ee wee ee eee ees 575.6 549.0 579.0 644 600.9 
Secondary... -- --------------------- 94.6 113.4 122.8 110.1 21149 
Korea, North, primary* |. LL LLL LLL LL. 124 t 1200 1345 Ma 
, 1 120. 
Korea, Republic of, primary gn 99.2 108.0 108.5 1117 
primary = - - - - - - - - ------------ -=-= 126.5 127.0 175.7 107.0 10 
Nether primary and secondary // 171.4 186.0 181.6 209.1 - M23 
Norway, primary ~- nnn „„ 80.3 79.0 90.7 942 3327 
C rt RO 126.2 100.7 164.0 1490 *100$ 
Poland, primary and secondary... -------- 167.1 165.4 170.8 176.0 21083 
ia e % wä — do di — 
Romania, and secondary“ - ------------ 45.2 
South Afra. Republic of, primary - -- ---------- 87.2 79.7 884 Kl 
Spain, primary - - e 179.5 181.8 189.9 301.4 93965 
Thailand, primarꝶ „ en dm e 
Turkey, primar 18.1 14.9 14.3 19.5 129 
U.S. S. R: 
Ee 820.0 880.0 885.0 850.0 859.0 
Secondary... - -- - ------------------ 85.0 90.0 96.0 96.0 GT 
GE Eeer 905.0 920.0 990.0 945.0 9580 
United Kingdom, primary and secondary yr 181.6 79.8 87.7 85.6 9743 
United States: 
Zase UFU PURA HUNE ie ae ae SUN 846.6 228.2 285.7 258.1 *2969 
Secondary. _ - ð 50.2 74. 00.4 T8.1 275.6 
eg 996.8 902.5 806.1 8312 33116 
Vietnam, primary) 15.0 5.0 6.0 6.0 42 
Yugoslavia: 
Primary’ jh 86.4 76.8 N. 0 81.6 714 
Secondary’ LL „ 10.0 10.0 11.0 11.0 129 
33 suos s s TX 
Zambia, primar h:: 33.8 39.2 37.9 292 2 
Grand total «44 76,081. 0 5,865.7 6,200.7 6,463.4 6566.8 
E ees 74 511.8 14,850 4,621.3 48278 14851 
JJ ³· AA A : 1 
Secondary. - - --------------- p^r 850.0 850.8 351.8 8513 
Undifferentiated. - -- ---------- 11, 184.6 71, 156.6 1,219.6 1,277.8 1,3199 
ted. Preliminary. "Revised. NA Not available. 
; i on raw source of output (primary—directly from orem, end 
535 basn providos bi casad WONG TEN material Muro ia and insufficient deta are 
available to estimate the of the total, that total has been left undifferen: (primary and secondary). 
labis reme bal rar VV... E 
y à 
Excludes zinc dust. 


Zirconium and Hafnium! 


By W. Timothy Adams? 


Zircon, the principal ore mineral of zirco- 
nium, was mined as a coproduct of ilmenite 
and rutile from sand deposits in Florida. 
Most zircon was used in the Eastern United 
States, with approximately 35% being used 
in foundry sands and the remainder in 
refractories, ceramics, abrasives, and in 


miscellaneous uses including the manufac- 
ture of chemicals and the production of 
zirconium metal and alloys. The value of 
zircon consumed was about $16 million. 
Hafnium was used in nuclear reactors, re- 
fractory alloys, and cutting-tool alloys. 


Table 1.—Salient U.S. zirconium statistics 


(Short tons) 
1981 1982 1983 1984 1985 
Zircon: 
,, e ß a ee W W W W W 
FFC ˙i ...!... ⁰d y ee 11.630 11.011 13.222 9.528 16.855 
r ⁵ðV—àcĩ y 91.108 68.465 44.487 66,436 43,787 
Consumption??? 150,000 93,000 100,000 130.000 130.000 
Stocks, yearend: Dealers and consumer 33,385 48.595 36,498 €32,861 29, 288 
Zirconium oxide: 
Production? 8,251 5,059 4,118 e7 373 9,173 
„ ⁵ ⁵ T ETT 782 1.017 698 422 1.048 
IJͤÜU niit Ses he ai 235 332 451 793 1.468 
Consumption? |. „„ 8,600 5,600 3,400 5,800 7,500 
Stocks, yearend: Producers 1,483 1,357 895 *1.183 €1,524 


Estimated. W Withheld to avoid disclosing company proprietary data. 


Includes insignificant amounts of baddeleyite. 
Excludes foundries. 
*Excludes oxide produced by zirconium metal producers. 


Domestic Data Coverage.—Domestic 
mine production data for zircon are devel- 
oped by the Bureau of Mines from one 
voluntary survey of U.S. operations entitled 
“Production of Zircon.” Of the two oper- 
ations to which a survey request was sent, 
both responded, representing 100% of 
production. Data are withheld to avoid 
disclosing company proprietary data. 

Legislation and Government Pro- 
grams.—As part of a longstanding program 


to supply contractors with nuclear reactor 
construction material manufactured to U.S. 
Navy specifications, the U.S. Department of 
Energy had an inventory, as of December 
31, 1985, of about 39 short tons of zirconium 
sponge, 1,000 tons of zirconium ingots and 
shapes, 2 tons of zirconium scrap, 31 tons of 
hafnium ingots and shapes, 3 tons of haf- 
nium crystal bar, 5 tons of hafnium oxide, 
and 1 ton of hafnium scrap. 


DOMESTIC PRODUCTION 


Zircon was recovered, along with tita- 
nium minerals, by E. I. du Pont de Nemours 
& Co. Inc. at Starke and Trail Ridge, FL, 
and by Associated Minerals (USA) Ltd. Inc. 


at Green Cove Springs, FL. The combined 
zircon capacity of these plants was estimat- 
ed to be 125,000 tons per year. Production 
data were withheld from publication to 
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avoid disclosing company proprietary data. 
Five firms produced 47,117 tons of milled 
(ground) zircon from domestic and imported 
zircon, and six companies, excluding those 
that produce the oxide as an intermediate 
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product in making zirconium sponge metal, 
produced 9,173 tons of zirconium dioxide. 
Two companies produced zirconium sponge, 
ingot, and alloys, as well as hafnium sponge 
and crystal bar. 


Table 2.—Producers of zirconium and hafnium materials in 1985 


Company Location Materials 
ZIRCONIUM MATERIALS 
American Minerals `. -- Camden, N) Milled zircon. 
Associated Minerals (USA) Ltd. Ine Green Cove Springs, FI.. Zircon. 
Carborundum C0od eee Falconer. NY W. Refractories. 
Ciba-Geigy Corp., Drakenfeld Colors Washington, PA ` Ceramic colors and milled. 
Continental Mineral Processing Corp Sharonville, OR. Milled zircon. 
Corhart Refractories Corp -------------- Louisville, Mx Refractories. 
))))!!! y ³ Corning. x XXxux Do. 
J ↄ ù y A Buckhannon, VM Do. 
Didier-Taylor Refractories Cor- „ South Shore, KY X&K&K Do. 
MESE OV .ͥv a Cincinnati, OH . Do. 
E. I. du Pont de Nemours & Co. Inc Starke and Trail Ridge, FI. Zircon and foundry mixes. 
Elkem Metals ko Alloy, WV ___.___-_-- Alloys. 
Foote Mineral Co___________ ~~ ___ Le Cambridge, OH `. - ; 
A. P. Green Refractories Co., Remmey Div Philadelphia, Ai Refractories. 
Harbison-Walker Refractoriees Mount Union, PA Do. 
Harshaw Chemical Io Elyria, OH... Oxide and other compounds 
Leco Corp., Ceramics Div ~- ------------- St. Joseph, Wall! Refractories and milled zircon. 
Lincoln Electric Co. Inc --------------—- Cleveland, Wu Welding rods. 
M & T Chemicals In Andrews, D... Ultrox a and milled zircon. 
Magnesium Elektron I Flemi n, N!) Compounds. 
Norton Co ³· AAA ces te Huntsville, ll Oxide. 
Reading AI AAA Robesonia, PPA AIO 
Shieldalloy Corp ---- ---------------- Newfield, NJ `. ------- Welding rods and alloys. 
Sola Basic Industries, Engineered Ceramics Div Gilberts, IL __________ Ceramics. 
TAM Ceramic Niagara Falls, N Milled zircon, oxide, com 
Teledyne Wah Chang Albany ------------ Albany, yk Cue sponge, ingot, mil 
products. 
Thiokol Corp., Ventron Chemicals Div ~. ~~~ Beverly, X ----- Oxide. 
Transelco, a division of Ferro Corp uox f Do. 
Western Zirconium ln _- Ogden, UT `- --------- 9 sponge, ingot, mill 
products. 
Zedmark Inc Butler, fai Refractories. 
Zircar Products In0COCOEe.. Florida, ꝶXxXxXR Fibrous ceramics. 
ZIRCOA Products, Ceramic Products- .------ Solon, OH ` Oxide and ceramics. 
HAFNIUM MATERIALS 
Teledyne Wah Chang Albany `... Albany, OR `... Oxide, sponge, ingot, crystal bar. 
Western Zirconium Inc... Ogden, UT __________- Do. oe d 
CONSUMPTION AND USES 


About 35% of the domestic zircon pro- 
duced in 1985 was used in proprietary 
mixtures as foundry sand, and the remain- 
der was used in refractory sand blends with 
kyanite, sillimanite, and staurolite; in 
chemicals; in weighting agents; in glazes 
and enamels; in refractories; in ceramics; in 
zircon-titanium dioxide blends for welding- 


rod coatings; for sandblasting applications; 
and for the production of zirconium 
hafnium metals. Baddeleyite, another zirco 
nium mineral, was used mainly in the 
manufacture of alumina-zirconia abrasives, 
and also for ceramic colors, refractories. 
and other uses. 


ZIRCONIUM AND HAFNIUM 


Table 3.—Estimated' consumption of 
zircon’ in the United States, by end use 


(Short tons) 
End use 1984 1985 
Zircon refractories? ? 24,500 28, 200 
AZS refractories ss 8,200 4,300 
Zirconia® and AZ abrasive“ 15,300 20,600 
Alloy) 4.400 4.700 
Foundry applications 49.500 500 
o iat ce ˙Ü˙—ü . ne Neel 28,100 26,700 
Total zuo si oid area ee 180,000 130,000 


I Based on incomplete reported data. 

Includes insignificant amounts of baddeleyite. 

3Dense and pressed zircon brick and shapes. 

*Fused cast and bonded alumina-zirconia-silica-based 
refractories. 

5Excludes oxide produced by zirconium metal producers. 

*Alumina-zirconia-based abrasives. 

"Excludes alloys above 90% zirconium. 

*Includes chemicals, metallurgical-grade zirconium te- 
trachloride, sandblasting, welding rods, and miscellaneous 
uses. 
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Research on calcia, magnesia, and yttria 
transformation-toughened zirconias contin- 
ued. These materials were considered to 
have considerable potential for use in ce- 
ramic coatings in jet aircraft engines and in 
other applications where strength and high- 
temperature oxidation resistance is impor- 
tant. Zirconia ceramics were also used in 
the automobile industry in sensors for the 
microprocessor controls on engines. 

All of the hafnium metal and most of the 
zirconium metal consumed were used by the 
nuclear power industry. For the seventh 
consecutive year, there were no new orders 
for commercial nuclear powerplants. How- 
ever, for the first time in 10 years, no 
commercial nuclear powerplant was can- 
celed. Most of the remainder of the zirconi- 
um metal was used in superalloys and in 
the chemical and electronics industries. 


Table 4.—Estimated! consumption of 
zirconium oxide? in the United States, 
by end use 
(Short tons) 

End use 1984 1985 
AZ abrasives _.___________-_-_ w W 
AZS refractories? |. . 900 800 
Other refractor ies 2,900 4,300 
Chemicals 700 1,300 
Glazes, opacifiers, colors 1,800 1,600 
Motel 2o ncc Ld pande 5,800 7.500 


mus Withheld to avoid disclosing company proprietary 


1Based on incomplete data. 


*Excludes oxide produced by zirconium metal producers. 


Incl udes baddeleyite. 
3Fused cast and bonded. 


Table 5.—Estimated' yearend stocks of zirconium and hafnium materials 


in the United States 
(Short tons) 
Item 1984 1985 
Zircon concentrate held by dealers and consumers excluding foundries _- _-.-_--.------ 25,653 20,240 
Milled zircon held by dealers and consumers excluding foundries. ~- - -- -------------- 7,208 9,048 
Zirconium:“ 
J%%%/f§ÜéÜd' dss ði ꝰꝗV ⁵ :. y La o Li im 1,183 1,524 
Sponge, ingot, scrap, lor 785 924 
RT DEE 17,281 6,673 
Hafnium: Sponge and crystalbar _. ._._.__-_.--.-----------------_------- 30 30 


1 Based on incomplete data. 


*Excludes material held by zirconium sponge metal producers. 
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Table 6.—Published prices of Australian zircon 


(U.S. dollars per ton) 
Standard Intermediate Premium 
Date of publication grade grade grade 
ENEE 83-90 86- 94 968-101 
December 1998. ) 771-83 99-108 102-108 


Source’ Industrial Minerals (London). No. 207, Dec. 1984, p. 78; and No. 219, Dec. 1985, p. 101. 


Table 7.— Published yearend prices of zirconium and hafnium materials 


Specification of material 1984 1985 
Zircon: 
Domestic, standard grade, f. o. b. Starke, FL, bulk, per short on)... $165.00 $175.00 
Domestic, 75% minimum quantit ty zircon and aluminum silicates, 

Starke, FL, bulk, per short tonnnnnnn 99.00 99 a0 
Imported sand, containing 65% ZrOs, f.o.b., bulk, per metric ton? $91.00- 99.00 $86.00- 9200 
Domestic, granular, begs, bulk rail, from works, per short ton? _____________ 165.00- 177.00 165.00. 17700 
Domestic, milled, 200- and 325-mesh, rail, from works, bags, per short ton 225.00 225.00 

Baddeleyite, imported concentrate:* 
96% to 98% ZrOs, minus 100-mesh, c.i.f. Atlantic ports, per poundqgqgqgd 50 E 
99 ZrOs, minus 325-mesh, c.i.f. Atlantic ports, per pound ___._____.__-- 7 N 
Powder commercial drums, 2,000-pound mini pound 4.25 425 
minimum, per pounſd : 
— grade, AUI ees ee D appe toin c 125 125 
Insulating, stabilized, 395" , same basis, Ä; hr ee ees 8.31- 3.82 331. E 
, unstabilized, 325° F, same per pounſn gi 8.55- 3.75 3.55 3.75 
Dense, stabilized, 30° F, same basis, per pound 2.82 282 
Zirconium : cartons, Ei ton lots, from works, per pound. 91. 1.04 91- L% 
Zirconium acetate solution? 
25% ZrO», drums, carlota, 15-ton minimum, from works, per pound ..........- 91 g 
22% ZrO», same basis, pr pound _.____________ lt 78 78 
Zirconium hydride: Electroni. grade, powder, drums, 100-pound lots, from works, per 
pound: o eee eaaa aa E Le ne x 31.75 $1.75 
Zirconium:® 
Powder, per pound .. 75.00 150.00 75.00. 150.00 
sponge, per pound . dd a ee aaa ate ee 12.00- 17.00 1200 170 
strip, bars, per pound. LLL w 20.00. 4000 20.00 40 00 
Hafnium: Sponge, per J.] ⁰ðꝛ m DE me POE 80.00. 130.00 80.00. 130.00 


ee eee Inc. price list Dec. 1984 (effective Jan. 1, 1985); and Dec. 1985 (effective Jan. 1, 19861 
soe Minerals (London). No, 201, Dec. 1964, p. 78; and No. 219, Dec. 1985, p. 101. 
1.22 V. 226, No. 27, Dec. 31, 1984 (effective Dec. 28, 1984), p. 28; and v. 228, No. 27, Dec. 30, 
1588 Ude Bc f. 985 


Ronson Metals Corp. C 1. 1985, and Jan. 1. 1986. 
American Metal Market. V. 92, No. 250, Dec. 28, 1984, p. 7: and v. 93, No. 249, Dec. 27, 1985, p. 5. 


Table 8.—U.S. exports of zirconium ore and concentrate, by country 


1984 1985 
Coun 
ES Short tons Value Short tons Value 
7! ͤ A e $28,050 56 $25,056 
Sa EE 523 184,361 370 102.218 
Belgium-Luxembourg --. -------------- PNE whe 80 51.736 
JJ; 8 ium 3,601 YR 
, Sis ieee et mentes 391 128,552 249 72.575 
Colombia- .---------------------—- 487 247,990 291 11573 
EE 147 79.922 104 65. 
Germany, Federal Republic op 2,197 827,562 2,194 752 200 
JJ» M d ĩð e ks 15 10,883 10 Asa 
CODON EE 8,643 ,940 8,578 483.252 
MX EEGEN 1.105 302,334 5,391 1,242.€£?* 
United Kingdom ____________________ 5,239 9.78 
Venezuela 762 352,029 662 344.239 
JJ 00 A 164 89,717 231 123.179 
Total: 4 auno eo REESE a 9,528 2,646,579 16,855 3.965.461 


Source: Bureau of the Census. 


ZIRCONIUM AND HAFNIUM 1065 


Table 9.—U.S. exports of zirconium, by class and country 


TRIN 1984 1985 
coun — L ———— 
wé Short tons Value Short tons Value 
Zirconium and zirconium alloys, wrought: 
Belgium-Luxembourg `. 47 5 12 $918,662 
Du aa ets an qr NUES, EEN E: 181 10,566,721 184 9,658,049 
Mer PR geleet 12 291,1 1 45,012 
Germany, Federal Republic o 88 5,240,786 107 5,782,189 
20 EEE EA a a P dps e, 31 2,644,304 
— T“—“—*õ... ͤ p 259 12,418,815 473 20, 
eee, 9 411.756 1 55,851 
!! ⁰˙AA AAA (*) 12,644 1 52, 
Eee TEEN 13 400,851 37 1,434,725 
TTT SS Ee E 1 76,488 4 385,578 
TOME oa Ci AA AAA ae (!) 39, 17 1,405,102 
0 Ä M imt udo m re 1,299,754 53 2,232, 
DM EE nl tae AA 3 150 3 120,091 
Pw... EECHER 648 34,812,671 930 45,672,737 
Zirconium and zirconium alloys, unwrought 
and waste scrap: 
272 0 20 693,440 12 380,000 
!:! ³ꝛOW.;. a mier vecti nca a aide (4) 5,667 48 491,293 
Germany, Federal Republic aa 9 74,364 18 
saa he tr NED EE EK ws HR 108 6,704,625 122 4,086,304 
ee Oe A —— dr ode de Roa 13,038 9,110 
.. PER M ch be E Ve Zéi 16 328, 
Uudbd BEER Lace m me qu RR caia as 17 116,019 80,77 
CUM LaL aere x dier ep hs ee ae bdo Sn Coil 3 102,928 5 133,751 
„ 160 7,710,081 223 5,885,121 
Less than 1/2 unit. 
Source: Bureau of the Census. 
Table 10.—U.S. exports of zirconium oxide, by country 
1984 1985 
Coun 
"T Short tons Value Short tons Value 
CTT! PROPERE EPI ——— EG? 18 $56,261 T — 
BEP LONE m : 8 1 22.222 18 106 
— ——— ts ep cts asa eee 19 66,491 20 387 
Ee E et b ey POOLE ett DER 1 157 516,629 
E Lea SE T bY pore 13 46,313 31 109,597 
Germany, Federal Republic of |... hh; 19 9 58,966 
"TTT See * 5 6,400 
111 ² App iy NE a 2 ee n 10,491 5 10,886 
T:. da ate v 37 115,801 38 114,279 
ee EE Ju qe SE ee 62 192,127 45 162,614 
— TTT TT EE SR eg 315 125,81 
"We un A 0 —A—A—. ——. 47 113.212 93 287,644 
TTT TE ß ͤ ͤĩ ͤ ˙•ů *˙ mx 11 31.923 2 10,506 
TT. Kd 1 65.24 2 38,276 
C7: T 17 54.974 19 66,965 
a TT EE Lee eee diit 8 70 131,582 281 148 
—! ——K— eda oW med Raab Res i 20 , 8 78,693 
„ ca EEEE 0 bee MU on t iR 422 1,262,763 1,048 3,331,915 
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Table 11.—U.S. imports for consumption of zirconium ores, by country 


1983 1984 1985 

un ntit Value Quantit Value Quanti Value 

ney on y (thou- (short 7 (thou- R. (thou- 

tons) sands) tons) sands) tons) sands) 
Argentina == Pu us as 5,799 $520 
Australia EE 36,140 $3,385 44,214 $5,289 24,348 2272 
Nuss tlü„˖l ei ene 118 13 E An UM ss 
Belgium-Luxembourg- - - ---------- 2 461 87 em ES 
nns hoes 1,176 122 1,451 151 2,307 225 
Hong Kong ------ 22-2. m pas Tow m b. 
„ Ss es "E ium Be T 64 25 
Philippines ie S Se 87 «n 
South Africa, Republic of 7,053 897 20,309 2,016 10,849 1.120 
JV ĩ³ c eost Li comen OH 3 1 5 OH 2 
f •·¹· www ue eis 44,487 4,420 66,436 7,548 43,787 4.599 


1Believed to be country of shipment rather than country of origin. 
In addition, very small quantities of baddeleyite were imported. 
Leas than 1/2 unit. 


Source: Bureau of the Census. 


Table 12.—U.S. imports for consumption of zirconium and hafnium in 1985, 


by class and country 
Class and country Short tons Value 
Zirconium, wrought: 
Eelere 2 
don. occ ee oes es eS eh m ⁊ð y 340 17,504.003 
Japan- Ee 3 43.410 
Other oe ae ee ce ne EE d) 12271 
Total. me neu an eu mn mr.. LEM au LL . 2346 17,624,393 
Zirconium, unwrought and waste and scrap: 
Belgium-Luxembourg -- - - -- c2 c ------ 4 9 79.570 
TT MEMO prem 28 61,630 
reegt 6 96,12 
ápan oe a ee a een E TT 8 9 66,093 
ff ³⁰oſſ dy A Ei 9 80. 
r e dd See oa is 33 199.399 
Total d d—::: aa he ce te E 94 579.713 
Zirconium alloys, unwrought: 
Belgium- LuxembouͥnunununnWce ee eee 1 1.354 
Germany, Federal Republic of... 5 141.810 
United Rindes ee el Sal oe 5 31.5 
Total m nono i cir ee ee Lud M LE 8 310 186,782 
Zirconium oxide: 
Fiünce EE 145 287 310 
Germany, Federal Republic o·“! ?! t¶tknkkk k 1 39.352 
Lp EE 110 304,34 
f ³˙·¹.;ĩ—w1 ⁰o˙mr k t een 2 3.530 
South Africa, Republic of... 1750 431,562 
United Kingdom -` - ---------------- . 460 2.518.725 
Total -ce dd ees Soe eee ee M arr 1,468 3,585, 333 
Zirconium compounds: 
AUSLTAIIB ask n ⁵⅛²21 ⁵ ³ ]ʃ¹ B́h em aS a C UE 19 3,072 
Belgium-Luxembounnununun w t 17 50 401 
/ ³ĩ˙n¼u as yd ð yd geal Seg UL NORRIS 30 95.137 
Germany, Federal Republic of |... -------------------------- 6 254.358 
reece d r UT a M MM m 40 71.101 
J) e o ⅛˙• y ð—éA ELE te E 8 177 125.832 
South Africa, Republic of | - - - - - ----------------- -= 1,370 1.228.412 
United Kingdom - dd y 624 1,133 646 
f ß ff 1 6.100 
Total cuc ͥͥͥ ͥ CUL ⁰ͤkvdu ͥvͥda EEN 2.284 2. 9&5 S48 


See footnotes at end of table. 
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Table 12.— U.S. imports for consumption of zirconium and hafnium in 1985, 
by class and country —Continu 


Class and country 


Hafnium, unwrought and waste and scrap: 


Franee o el ]ðV]m a es 


1Less than 1/2 unit. 


Short tons Value 


$179,613 
5,654 


1 185,267 


Data do not add to total shown because of independent rounding. 


Source: Bureau of the Census. 


WORLD REVIEW 


Australia led the world in the production 
of zircon in 1985. Zircon was also produc- 
ed in the Republic of South Africa, the 
U.S.S.R., and the United States, and in 
lesser amounts in six other countries. 
Baddeleyite was produced in Brazil and in 
the Republic of South Africa. 

Australia.—The Commonwealth Scientif- 
ic and Industrial Research Organization 
(CSIRO) and ICI Australia collaborative 
research effort developed a suitable manu- 
facturing process for the production of zirco- 
nia in Australia. Process trials conducted in 
the second half of 1985 showed the feasibili- 
ty of producing a wide range of high-value 
zirconia ceramic powders and zirconium 
chemicals for domestic use and export to 
world markets. CSIRO and ICI Australia 
formed Z-Tech, a joint venture company, on 
October 29, 1985, to manufacture these 
materials from Australian zircon. A plant, 
with a capacity of 2,000 tons per year, was 
scheduled to be constructed at Kwinana, 
Western Australia, and completed in 1987.* 

Renison Goldfields Pty. Ltd., owned by 
Consolidated Goldfields Pty. Ltd., acquired 
Du Pont's 50% interest in Allied Eneabba 
Pty. Ltd., which has holdings in Western 
Australia. Consolidated Goldfields, a hold- 
ing company, thus assumed a leading role 
in the mineral sands industry through this 
acquisition and through its Associated Min- 
erals Consolidated Pty. Ltd. operation in 
Australia, as well as through Associated 
Minerals Consolidated (USA) Ltd. Inc. oper- 
ations in Florida.* 

Brazil.—A Brazilian mining company, 
Minegral-Cia. Brasileira de Mineração In- 
dustria e Comercio S.A., completed plans 


for the construction of a 1,100-ton-per-year 
zirconium dioxide plant. The oxide was to 
be produced from coldasite, a mineral that 
contains 60% zirconium dioxide. The miner- 
al was to be concentrated to a 99% grade 
and the oxide produced from the concen- 
trate. The concentration and oxide plants 
were scheduled to be built next to the mine 
at Poco de Caldas, in Minas Gerais State.* 

Gambia, The.—The apparent firming of 
zircon prices induced the Government to 
reexamine heavy mineral reserves in the 
coastal areas of the country. Known heavy 
mineral reserves total 910,000 tons at 1% 
cutoff, of which 149,000 tons is zircon. It was 
proposed by the consultant that a small 
plant be erected to extract zircon from 
zircon-bearing waste material that had 
accumulated from earlier mining and recov- 
ery of titanium materials. The cash flow 
from sales of zircon was to be used to erect a 
larger heavy mineral extraction plant.* 

Germany, Federal Republic of.—The 
State Authority for Geosciences of Nie- 
dersachsen (Lower Saxony State) con- 
cluded an extensive exploratory drilling 
program. An 11-million-ton deposit of heavy 
mineral sands was discovered near the 
Weser River close to the towns of Midlum 
and Hoisel. The deposit reportedly contains 
1.1 million tons of zircon. Additional 
reserves west of the Weser River were 
indicated.’ 

South Africa, Republic of.—Richards 
Bay Minerals announced plans for the ex- 
pansion in mining capacity for mineral 
sands in Natal. Production of zircon, esti- 
mated at 115,000 tons in 1985, was expected 
to increase to 160,000 tons in 1987.* 
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Table 13.—Zirconium concentrate: World production, by country’ 
(Short tons) 
Country 1981 1982 1983 1984P 19&5* 
Australias See et EEN d eed uo 478,673 509.792 421.419 501.037 485.000 
Bras. EE 6.614 5,507 15.201 7.027 7.700 
Chinas c s s ͤ y AL LR A e 16,500 16,500 16,500 16,500 16,500 
lrnidia* coca w ⁰ a deus 13,669 11,556 12,561 *13.000 15.000 
ͤĩ705ç? auc ced ee 8 1,441 2,367 2,809 8.393 9.900 
South Africa, Republic of --------------- *110,000 140,000 178,884 168.78 220. 0 
Sri Lanka- 2 awe a a ek 3,600 6,381 6,306 4,087 4. 
FFF ³ĩWwòꝛ ᷣ ͤ y 115 216 219 320 330 
USSR oot EE 80,000 90,000 90,000 90,000 95,000 
United State W W W W W 
Total zur ro minm uc mum Dua eet 710,612 7782,319 743,899 809,153 854.010 
*Estimated. PPreliminary. "Revised. W Withheld to avoid disclosing company proprietary data; not included in 
“Total.” 


1Includes data available through May 20, 1986. 
ZData are for fiscal year beginning Apr. 1 of that stated. 


The 1981-83 figures are exports, and the 1984-85 figures are production. 


TECHNOLOGY 


A review of the market for two distinct 
raw materials—natural zirconia in the form 
of baddeleyite, and the higher purity manu- 
factured zirconia, produced from zircon or 
in some cases from baddeleyite—was pub- 
lished. The reasons for the growth to date of 
markets for both materials were examined. 
The article gave a brief overview of zirconia 
markets and examined the possibility for 
growth, which is partly contingent on work 
still in the research stage.* 

Work done at Sandia National Laborato- 
ries showed that failure of the yttria- 
stabilized thermal barrier coating on gas 
turbine blades can be caused by as little as 5 
parts per million of sodium or 2 parts per 
million of vanadium, reducing the life of the 
blades by a factor of 100. The contaminants 
cause loss of yttria from the zirconia at 
operating temperature, leading to failure of 
the coating. 

Efforts to reduce signal attenuation in 
chemical-vapor-deposited zirconium fluo- 
ride glass fiber below 4 decibels per kilome- 
ter were unsuccessful. However, another 
manufacturing process, the double-crucible 
solid-state melting process, was used to 
produce a single-mode zirconium fluoride 
fiber of only 0.02 decibel per kilometer, 
significantly superior to the standard 0.16 
decibel per kilometer silicon dioxide fiber 
presently used in the telecommunications 
industry." 

RMI Co., Niles, OH, announced accept- 
ance of its zirconium-containing Bets-C tita- 
nium alloy for inclusion in the National 
Association of Corrosion Engineers Materi- 


als Requirement Standard for resistance to 
sulfide cracking in "sour" environments. 
The alloy contains 3.5% to 4.5% zirconium 
and is a heat-treatable, deep-hardenable 
alloy capable of ultimate strengths in excess 
of 200,000 pounds per square inch." 

Zirconia-based materials were used for 
precision casting molds to give highly accu 
rate dimensions and smooth nonporous sur- 
faces to cast titanium dental crowns. The 
titanium alloy, melted in a small electric 
arc furnace designed for use in a dental 
clinic, is cast in the precision zirconia 
mold in a vacuum, which prevents oxygen 
embrittlement and contamination.'* 

It was shown that hafnium hydroxide, 
precipitated by the addition of ammonium 
hydroxide to hafnium oxychloride solution, 
and calcined at 500° C, gives a catalyst 
capable of yielding isobutylene from synthe- 
sis gas with 98% yield at 400° C. Isobutylene 
is used to improve the octane rating of 
gasoline.'* 

Zirconium or hafnium additions to nickel 
aluminide were shown to extend potential 
commercial applications into diverse areas 
other than aerospace components. The new 
alloys were shown to have good ductility 
and extraordinary strength and oxidation 
resistance at high-temperature uses.'* 


Zirconium and hafnium are nearly identical in chem 
cal properties and atomic volume and are associated 1n the 
pri rincipal ore mineral, zircon, in a ratio of about 50 to ] 

he two elements are separated for nuclear power appuct 
tions but not for other uses. 

2 Physical scientist, Division of Nonferrous Metals. 

‘Industrial Minerals (London). World of Minerals. Aus 

tralia. Z- Tech Zirconia Plans. No. 219, Dec. 19%. p. 9. 
. Comment. No. 219, Dec. 1985. p. 7 
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5Engineering and Mining Journal. This Month in Min- 

: Brazil. V. 196, No. 11, Nov. 1985, p. 105. 

ndustrial Minerals (London). A Proposal To Rejuve- 
nate the Hea eavy Mineral Industry of The Gambia. No! 212, 
May 1985, p. 

. The Industrial Minerals of West Germany. No. 
219, Dec. 1985, p. 47. 

*American Metal Market. RBM Plans Expansion for 
South Africa-Based IImenite Smelting Unit. V. 93, No. 138, 
July 19, 1985, pp. 5, 7. 

*Dickson, E. M. Zirconia—Growth of a ESCH Ind. 
Miner. (London), No. 209, Feb. 1985, pp. 49-53 

1¢Industrial Minerals (London) Sandia Research on 

Zirconia Coatings. No. 209, Feb. 1985, p. 16. 
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"Lasers and Applications. Fluoride Fiber Losses Reduc- 
ed Further. V. 5, No. 2, Feb. 1985, pp. 36-37. 

"American Metal Market. Alloying and Precious Met- 
als. RMI's Beta-C Titanium Alloy Listed in NACE's 
Standards. V. 93, No. 64, Apr. 3, 1985, p. 6. 

3 — ——.. Dental Crowns of Titanium Under Study. V. 93, 
No. 154, Aug. 12, 1985, pp. 19-20. 

Chem Tech. Techgram Japan. Tokyo Institute of Tech- 
nology. Research Laboratory of Resources Utilization, 
4259, Nagatsuda-Machi, Midori-Ku, Yokahama 227 (0205 
G20N). V. 15, No. 9, Sept. 1985, p. 587. 

"American Metal Market. Alloys and New Materials. 
New Applications Open Up for Nickel Aluminide. V. 95, 
No. 203, Oct. 21, 1985, pp. 17, 28. 


REIN Google 


Other Industrial Minerals 


By Staff, Division of Industrial Minerals 


CONTENTS 
E EC ee dd. 1071 Staurolite ---------------- 1074 
Greensand ________________ 1071 Strontium 1074 
Meerechaum -------------- 1071 Wollsstonte ` 1077 
Quartz Crystal! 1072 Zeolites 1078 
ASPHALT (NATIVE)! 


Native asphalt was produced by four 
companies in two States, Texas and Utah. 
Bituminous limestone, used primarily as a 
paving material for street and road repair, 
was produced by one firm, R. L. White Co., 
Dabney Quarry, Uvalde County, TX. 

Gilsonite, a solidified hydrocarbon found 
only in Utah and Colorado, was mined by 
three firms: American Gilsonite Co., a divi- 
sion of Chevron Resources Co. (a subsidiary 
of Standard Oil Co. of California); Ziegler 
Chemical and Mineral Corp.; and Hydrocar- 
bon Mining Co. (a subsidiary of Oberon Oil 
Inc., a Utah corporation), from properties in 


Uintah County, UT. 

Gilsonite is used for a variety of purposes 
including automobile bodysealer, light- 
weight aggregate for cement used in oil well 
drilling, asphaltic building board, protective 
coverings, anticorrosive paints, and roofing 
compounds. Gilsonite production in 1985 
declined 57% owing primarily to reduced oil 
well drilling activity. The value per ton was 
essentially unchanged. 

Specific information on bituminous lime- 
stone and gilsonite production and value is 
withheld to avoid disclosing company pro- 
prietary data. 


GREENSAND? 


Greensand, also known as glauconite, a 
natural silicate of potassium, aluminum, 
iron, and magnesium, was produced by 
Inversand Co., a subsidiary of Hungerford 
and Terry Inc., near Clayton, NJ, and by a 
new producer, Contractors Sand & Gravel 
Co., near Middletown, DE, who started pro- 
duction in the middle of May 1984. Produc- 
tion and sales information is withheld to 


avoid disclosing company proprietary data. 
Processed greensand continued to be sold as 
a filter media for the removal of manganese 
and iron from drinking water supply sys- 
tems. Classified raw greensand was resold 
by Zook and Ranck Inc. as a soil conditioner 
and as a source of slowly released potash to 
organic farmers in North America. 


MEERSCHAUM: 


Crude or block meerschaum was not im- 
ported during the year. Imports of crude or 


block meerschaum were last reported in 
1983, all from the United Kingdom, totaling 
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1,543 pounds, with a customs declared value 
of $19,290. The high unit value of the 1983 
imported material, $12.51 per pound, indi- 
cates that the shipments consisted of shap- 
ed or formed meerschaum blocks. The ma- 
jor suppliers in the past were the Fed- 
eral Republic of Germany and Somalia. 
Crude or block meerschaum continued to 
be mined in Turkey and recovered by arti- 
sans in Somalia and Tanzania. The block 
material was used by companies in New 
York and Ohio for manufacturing smokers’ 
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pipes and cigarette holders. Smokers’ spe 
cialty houses complemented their finished 
meerschaum items with mail-order kits 


with detailed instructions for do-it-yourself ` 


carving of meerschaum smoking articles. 


Turkish production in 1985 was estimated 
to be over 300 unit boxes, 44 pounds each, of 
block meerschaum. Turkey, the largest pro- 
ducer of crude or block meerschaum, had 
prohibited exports of uncarved material 
since 1975. 


QUARTZ CRYSTAL‘ 


Both U.S. mine production of lascas and 
consumption as feedstock for cultured 
quartz crystal output declined in 1985, ow- 
ing to reduced domestic demand. Domestic 
cultured quartz crystal producers operated 
at less than 50% capacity. Imports of Brazil- 
ian lascas declined sharply, and exports of 
cultured quartz crystal were significantly 
lower than those of 1984. 

Domestic Data Coverage.—Domestic pro- 
duction and consumption data for quartz 


crystal are developed by the Bureau of 
Mines from a voluntary survey of US. 
operations. Of the seven operations 
canvassed for production of culturod quartz, 
all responded, and the six active operations 
represented 100% of total production shown 
in table 1. Of the 28 operations that consum- 
ed quartz crystal, all responded, and the 21 
active operations represented 100% of total 
consumption also shown in table 1. 


Table 1.—Salient U.S. electronic- and optical-grade quartz crystal statistics 
(Thousand pounds and thousand dollars) 


- — — wm — — — i i ia — —— — — — — 


Imports of Brazilian lascas:? 


goy 
ue 


— —— — MW em mm — Mw X — mm mm mn mm mp — — we em wm ep = 


SE F Si 
atural (electronic. and optical-grade) 
Cultured (lumbered) 
Cultured (as grown) 


"Estimated. Revised. NA Not available. 


eee i aii pe — e —— wem 


em zm wee zm op am em wm — —— 


—— — — mm — — em vm mm e — — — em. wm zm 
— — mm — — — mn mm e ep o mn pe mm em mn vm op mm mm 


1981 1982 1983 1984 1985 

zm 175 200 600 2,500 1.000 
ER 660 478 426 1,027 50 
Se 127 69 28 42 60 
as $490 $380 $156 $234 $290 
Sm 125 115 80 277 185 
E $4,600 $3,500 $3258 $11,021 8.72 
a NA NA 2339 *1,600 Zem 
>z 389 417 153 569 173 
Sms $233 $245 $121 $373 $99 
14 16 13 1 7 

282 99 112 77 44 

327 383 312 "391 224 

623 498 437 "475 215 


Excludes lascas produced for specimen and jewelry material uses. 


*Bureau of the Census. 


The Journal of Commerce Port Import/Export Reporting Service. 


OTHER INDUSTRIAL MINERALS 


Legislation and Government Pro- 
grams.—On July 8, the President approved 
National Security Council (NSC) recommen- 
dations for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the stockpile would be structured 
into two tiers. Tier I would contain materi- 
als required by military, industrial, and 
essential civilian users during a military 
conflict, which would not be available from 
domestic or reliable foreign sources. Tier II 
would contain a supplemental reserve of 
material already possessed by the Govern- 
ment. Under this system, 265,000 pounds of 
natural quartz crystal would be placed in 
tier I, and 1.8 million pounds would be 
placed in tier II. The Department of Defense 
Authorization Act, 1986 (Public Law 99- 
145), signed by the President on November 
8, 1985, stated that no action may be taken 
before October 1, 1986, to implement or 
administer any reduction in a stockpile goal 
in effect on October 1, 1984. 

At yearend 1985, the National Defense 
Stockpile total inventory was 1.8 million 
pounds of natural quartz crystal, with a 
goal of 600,000 pounds. Total sales of natu- 
ral quartz crystal by the General Services 
Administration were 83,813 pounds. 


DOMESTIC PRODUCTION 


Domestic mine production of lascas in 
1985 was approximately 1 million pounds, 
all from Arkansas. The two producers were 
Geomex Mine Services Inc. and Coleman 
Crystal Inc. Coleman Crystal was the major 
supplier of lascas to the U.S. cultured 
quartz crystal industry. Primary output of 
Geomex was exported to the Federal Repub- 
lic of Germany and Japan. 

Domestic cultured quartz producers op- 
erated at reduced capacity, owing to in- 
creased lower-unit-cost production from Ja- 
pan in the world market. Six companies 
produced cultured quartz crystal in the 
United States and output declined 45% 
from that of 1984. The two largest, Sawyer 
Research Products Inc., Eastlake, OH, and 
Thermo Dynamics Corp., Shawnee-Mission, 
KS, were independent growers that pro- 
duced crystal bars for domestic and foreign 
consumers in the crystal device fabrication 
industry. Motorola Inc., Chicago, IL, pro- 
duced for both internal consumption and 
the domestic fabrication industry. P. R. 
Hoffman Material Processing Co., Carlisle, 
PA, also reported outside sales during the 
year. AT&T Technologies Inc., North Ando- 
ver, MA, was inactive. Bliley Electric Co., 
Erie, PA, and Electro Dynamics Corp., 
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Shawnee-Mission, KS, produced only for 
internal consumption. 


CONSUMPTION AND USES 


U.S. consumption of lascas by the six 
growers declined 60%, from 1.3 million 
pounds in 1984 to 522,000 pounds in 1985. 
Quartz crystal consumption by 27 compa- 
nies in 10 States declined 42%, from 475,000 
pounds (revised) in 1984 to 275,000 pounds 
in 1985. Of these companies, 22 consumed 
only cultured quartz crystal, 2 consumed 
only natural quartz crystal, and 3 consumed 
both natural and cultured material. 

Imported natural quartz crystal contin- 
ued to be required as seed material for 
growing cultured quartz. Cultured quartz 
crystal is the primary material used as 
resonators in electronic applications. Such 
applications include timing signals for 
watches and clocks; microprocessors in in- 
dustrial, automotive, and consumer prod- 
ucts; and military-aerospace and commer- 
cial band-pass filters and oscillators that 
require very high selectivity and stability. 


STOCKS 


Reported industry stocks of cultured 
quartz crystal totaled approximately 
138,000 pounds at the beginning of the year 
and increased to approximately 204,000 
pounds by yearend. 


The average reported value of lascas con- 
sumed for production of cultured quartz 
crystal was $0.57 per pound, the same as 
that reported in 1984. The average value of 
“as-grown” cultured quartz, based on re- 
ported sales of nearly 212,000 pounds, was 
$15.92 per pound, a decrease of 34% from 
that of 1984. The average value of lumbered 
quartz, as-grown quartz that has been proc- 
essed by sawing and grinding, was $62.23 
per pound, an increase of 13% from that of 
1984, based upon 1985 sales of about 88,000 
pounds. 


FOREIGN TRADE 


Cultured quartz crystal exports, as re- 
ported by the Bureau of the Census, declin- 
ed 33% to 185,000 pounds. Average value 
was $20.12 per pound. Japan received 
114,000 pounds, and the Republic of Korea, 
45,000 pounds. Most of the natural quartz 
crystal exports were bought from the Na- 
tional Defense Stockpile, primarily for non- 
piezoelectric uses. 

Imports of Brazilian lascas, designated 
“Crude Brazilian Pebble,” declined 70% to 
173,000 pounds. 
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STAUROLITE* 


Staurolite is a naturally occurring, com- 
plex, hydrated aluminosilicate of iron hav- 
ing a variable composition. The mineral 
most commonly occurs as opaque reddish- 
brown to black crystals with a specific 
gravity ranging from 3.74 to 3.83 and Mohs’ 
hardness between 7 and 8. 

A limited rock-shop trade in cruciform 
twinned staurolite crystals (‘fairy crosses") 
exists, notably from deposits in Georgia, 
North Carolina, and Virginia. Staurolite in 
the United States was produced commer- 
cially in 1985 by E. I. duPont de Nemours & 
Co. Inc. and by Associated Minerals (U.S.A.) 
Ltd. Inc. 

Staurolite is a byproduct of heavy miner- 
al concentrates recovered from a glacial-age 
beach sand in Clay County, north-central 
Florida. The staurolite is removed by means 
of electrical and magnetic separation after 
the concentrates have been scrubbed and 


chemically washed with caustic, rinsed, and. 


dried. The resulting fraction produced is 
comprised of about 77% clean, rounded, and 
uniformly sized grains of staurolite, with 
minor proportions of tourmaline, ilmenite 
and other titanium minerals, kyanite, zir- 
con, and quartz. A nominal composition of 


this staurolite sand is 45% aluminum oxide 
(minimum), 18% ferric oxide (maximum), 
5% titanium dioxide (maximum), and 5% 
silica. 

Although originally marketed only as an 
ingredient in some portland cement formu- 
lations, staurolite is now marketed as a 
specialty sand under the trade name Biasill 
for use as a molding material in nonferrous 
foundries, owing to its low thermal expan- 
sion, high thermal conductivity, and high 
melting point. Its low softening point tends 
to restrict it to nonferrous casting. Its major 
use is as an abrasive for impact finishing of 
metals and sandblasting of buildings under 
the trade names Starblast (80 mesh) and 
Biasill (90 mesh), as well as a coarse grade 
(55 mesh) abrasive. 

Quantitative production data are not re- 
leased for publication, but the 1985 produc- 
tion of staurolite decreased 42% from that 
of 1984; shipments decreased 8% in tonnage 
and increased 12% in price per ton. Domes- 
tic productive capacity remained at about 
135,000 short tons per year. 

Staurolite has continued to be produced 
in India in small quantities and sometimes 
by other nations as well. 


STRONTIUM* 


Imports of major strontium compounds 
for use in several downstream products 
increased, whereas imports of celestite, a 
strontium sulfate mineral, decreased be- 
cause of consumer preference for the re- 
fined compounds. Strontium demand in- 
creased in several end uses requiring in- 
creased imports of strontium chromate, 
strontium nitrate, and precipitated and 
nonprecipitated strontium carbonate. The 
United States had been the leading produc- 
er of strontium compounds as late as 1982; 
however, only one U.S. producer, Chemical 
Products Corp. (CPC), remained in oper- 
ation in 1985. Because celestite was not 
mined in the United States, CPC produced 
strontium carbonate from imported celes- 
tite. 

Domestic Data Coverage.—Domestic pro- 


duction data for strontium are developed by 
the Bureau of Mines from a voluntary 
survey of U.S. operations. The one oper- 
ation to which a survey request was sent 
responded, representing 10096 of total pro- 
duction. However, to avoid disclosing com- 
pany proprietary data, production and stock 
data were withheld from publication. 

The strontium survey is also used to 
calculate the distribution of major stron- 
tium compounds by end use. Of the 12 
operations to which a survey request was 
sent, 8 responded, representing an esti- 
mated 67% of the end-use data shown in 
table 3. Consumption for the nonrespond- 
ents was estimated using reported prior 
year consumption levels adjusted by trends 
in employment and industrial market pat- 
terns. 


Table 2.—Major producers of strontium compounds in 1985 


Company Location Compounds 
Chemical Products Cor Cartersville, GA `... Carbonate and nitrate 
Mallinckrodt In St. Louis, MO... 2... Chloride. 
Mineral Pigments Cork kt Beltsville, MD _____________ Chromate 
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DOMESTIC PRODUCTION 


With the closure of FMC Corp.’s Modesto, 
CA, plant in 1984, CPC became the sole 
domestic producer of strontium carbonate 
from imported celestite. Several other firms 
manufactured various strontium com- 
pounds from strontium carbonate in 1985. 

Church & Dwight Co. Inc. purchased a 
49% share in a Mexican producer of barium 
and strontium carbonates. Church & 
Dwight intended to market the strontium 
carbonate in the United States through its 
marketing and sales network. 


Strontium carbonate used in the manu- 
facture of faceplate glass for color television 
picture tubes accounted for more than one- 
half of domestic consumption of strontium 
compounds. Strontium carbonate was also 
used to make ferrite ceramic magnets and 
in the electrolytic production of zinc. 

Strontium nitrate was used in pyrotech- 
nics and signals. That sector remained the 
second largest consumer of strontium com- 
pounds. Other strontium compounds for 
domestic consumption included strontium 
chromate used as a corrosion inhibitor in 
pigments, strontium chloride used in the 
manufacture of toothpaste for sensitive 
teeth, and strontium phosphate used in 
fluorescent lights. 


Table 3.—U.S. estimated distribution of 
primary strontium compounds, by end use 


(Percent) 
End use 1983 1984 1985 
Electrolytic production of zinc. _ 3 6 6 
Ferrite ceramic magnets _ . — _ 9 11 12 
Pigments and fillers_______- 4 8 8 
Pyrotechnics and signals 14 14 15 
Television picture tudes 64 53 52 
Other... 2 eg See (3) 1 1 
Unidentified _..._....--- 6 7 6 
TORRE o ca ee 100 100 100 
1Lees than 1/2 unit. 
PRICES 


The average value of imported celestite 
from Mexico, which was the sole supplier of 
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the mineral in 1985, was $88.43 per short 
ton. Average values for imported strontium 
compounds variod according to the type of 
compound. 


Mexico supplied all of the celestite im- 
ported by the United States. Canada, China, 
Japan, Mexico, and several countries in 
Western Europe were the sources of imports 
of various strontium compounds. 

Because of the closure of FMC’s facility in 
1984, foreign competition for domestic 
strontium markets was strong. Imports of 
strontium materials in 1985 were more 
than those of the preceding year in all 
categories. Unwrought strontium metal im- 
ports increased more than six times the 
1984 level. The leading suppliers of stron- 
tium carbonate, in descending order, were 
the Federal Republic of Germany, Mexico, 
and Canada. Strontium nitrate imports 
nearly doubled in response to the decrease 
in domestic supply. 

According to the Port Import/Export Re- 
porting Service of the Journal of Commerce, 
exports of various strontium compounds 
were about 38 tons. These compounds in- 
cluded the carbonate, chloride, chromate, 
peroxide, silicate, and zirconate of stron- 
tium. 


Table 4.—U.S. imports for consumption of 
strontium minerals' by country 


1984 1985 
Country tity ~ . Value tity Value 
(short N (short (thou 
tons) tons) 

SN 3 $1 PN 2n 
Mexico 46,873 3,940 37,552 $3,321 
Spann 1.978 352 E ae 

Total 348.852 4,293 37,552 3,321 


1Celestite (strontium sulfate). 

Wees than 1/2 unit. 

Data do not add to total shown because of independent 
rounding. 


Source: Bureau of the Census. 


1076 


MINERALS YEARBOOK, 1985 


Table 5.—U.S. imports for consumption of strontium compounds and metal, by country 


Country 


Strontium carbonate, not precipitated: 
Canada 


Strontium carbonate, precipitated: 
Canada: uu Se ol adum ĩð A ĩð m eee eS 
China 


Strontium nitrate: 
Germany, Federal Republic o 


Strontium compounds, other: 
Belgium ~ ou ee ⅛ qt oe 
3 Federal Republic oli 


- = e ke eww — — ou mm mm ww wm em mm eww ew wm wm 


Customs value. 
*Imported as strontium chromate pigment (TSUS 473.19). 


Source: Bureau of the Census. 


Canada.—Timminco Ltd. won the bid for 
the mineral rights to a celestite-bearing 
deposit that had been mined from 1970 to 
1976 by Kaiser Celestite Mining Ltd. Be- 
cause the two beds of celestite have stron- 
tium sulfate grades from 45% to 55% and 
60% to 70%, the ore would require benefi- 
ciation to achieve the commercially accept- 
able minimum of 90% strontium sulfate 
content. 

Mexico.—Cia. Mineral la Valenciana 


1984 1985 

Pounds Value! Pounds Value! 
436 $345 E 22 
89,683 11,233 SS bag 
84,000 23,880 186,384 $51.256 
89,683 9,423 m NA 
163,802 44,881 186,384 51.256 
158,733 66,935 119,049 35,169 
829,547 253,331 37,478 11.003 
5,586,138 1,577,834 9,676,889 2,955,649 
354, 130,219 244,100 64.800 
6,928,618 2,028,319 10,077,516 3,066,621 
5,291 5,941 154.102 149,580 
222,665 224,149 207,154 231,333 
18,228 19,340 260,541 244,541 
nee Ge 17,637 19.456 
147,647 161,879 187,714 212,206 
4,698 13,574 ner is 
393,529 424,883 827,148 857,116 
- a 3,014 
970,517 417,918 935,633 311,511 
865,619 2,427,631 496 
1,836,136 743.151 8,364,146 1,341.081 
441 7,716 9,450 
391 22.913 55,319 
157,364 109,954 261,795 175,069 
7,126 11,598 TN d 
a MUS 22,157 29.695 
187,922 144,855 350,531 269.593 
1,424 17,980 9,052 , 85,160 


S.A. completed construction of a 12,000-ton- 
per-year strontium carbonate plant at 
Torreón, Coahuila. The company, which 
was the largest celestite producer in the 
world, was the sole supplier to CPC in the 
United States. 

Church & Dwight purchased a 49% inter- 
est in Sales y Oxidos, which produced bari- 
um and strontium carbonates at Monterrey. 
Plant capacity was expected to be increased 
to 8,800 tons per year of strontium carbon- 
ate by 1986. 
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Table 6.—Strontium minerals: World production, by country: 


(Short tons) 
Country? 1981 1982 1983 1984 1985° 
Algeria" eer 8 6,000 6,000 6,000 6,000 6,000 
Artgentinn2ne2 842 855 142 440 550 
WAR? o A ee o ue 5,500 5,000 5,100 5,100 5,100 
! ot le se 1,382 3,607 *3,600 F eg 700 3,700 
„ Exe 45,574 84,917 41,343 35,264 35,300 
MOI TOP A ee (0A RT 317 513 149 622 750 
EE 39,683 738,470 ,000 29,760 30,000 
Türkéy" -— Do oZ eegen 16,500 16,500 *42,808 88,600 88,600 
United Kingdom e 16,000 19,800 13,340 17,750 18,700 
„ (————— "137,298 "125,662 151,082 131,236 138,700 
"Estimated. Preliminary. Revised. 

‘Table includes data available through June 10, 1986. 

Bin addition to the countries listed, China, Poland, and the U.S.S.R. produce strontium minerals, but ou EES 


quantitatively, and available informa 


ear beginning Mar. 21 of that stated. 
4 figure re. 


tion is inadequate for formulation of reliable 


estimates of output levels. 


WOLLASTONITE' 


Wollastonite is a natural calcium silicate 
and has a theoretical composition of 
CaO0*8iO,. 

The tonnage of wollastonite sold or used 


County, NY, and R. T. Vanderbilt Co. Inc., 
Lewis County, NY 

NYCO announced the opening of a pilot 
plant to perform a variety of reduced-scale 
functions for the development and applica- 
tion of specialty and surface modified min- 
erals. The plant offers customers full rep- 


Some of the major uses of wollastonite are 
as a filler in ceramic tile, marine wallboard, 
peint, plastics, and refractory liners in steel 
mills; and as a pertial replacement for 
short-fibered asbestos in certain applica- 
tions such as brake linings. 

For use in paints, finer grades of wollasto- 
nite are employed, especially in the 325- 
mesh range. The mineral is fairly alkaline 
and is used in polyvinyl acetate paints to 
prevent undesirable acidity and to reduce 
corrosion of steel substrates. Wollastonite is 
also used in exterior architectural coating, 
especially in water-based paints, giving im- 
proved weatherability. It has also found use 
in traffic paints, and as an asbestos replace- 


ment in asphalt-based coatings.* 
A comprehensive report published by 
Charles H. Kline & Co. Inc., Fairfield, NJ, 


these minerals from $110 million in 1984 to 
$150 million by the end of the century. This 


represents an average annual growth rate 
of approximately 6%. Several mineral fill- 


compounds such as stearates and silanes 
are used to produce the chemically modified 
minerals, which, in turn, are employed in 
plastics and rubbers. Chemically treated 
minerals were originally seen as a cost- 
effective way of reducing the volume of raw 
polymer material being used. However, dur- 
ing the past several years, developments 
have increased mineral compatability with 
the matrix polymer so that chemically 
treated fillers and extenders actually con- 
tribute to the products’ eventual physical 
characteristics and performance.'* 

In Finland, Oy Partek AB planned to 
bring on-stream a new beneficiation plant 


wollastonite in 1986. The plant was to 
include an improved flotation process, in- 
creased automation, and wet high-intensity 
magnetic separation. Partek's mine at Lap- 
peenranta had proven reserves of 4 million 
tons of ore. A newly discovered deposit 18 
miles northwest of Lappeenranta had calcu- 
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lated reserves of approximately 22 million 
tons of ore. This deposit will undergo fur- 
ther investigation during the next few 
years. The increase in production capacity 
will enable the company to introduce new 
micronized grades of wollastonite, primarily 
for filler applications where high reinforc- 
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ing performance is desired. 

Chemical Marketing Reporter, December 
30, 1985, quoted prices for wollastonite, 
truckloads, f.o.b. plant, as $200 per ton for 
general grade, $140 per ton for 325 mesh, 
$160 per ton for 400 mesh, and $500 per ton 
for 1,250 mesh. 


ZEOLITES"? 


Domestic production of natural zeolites 
was approximately 13,000 short tons. Five 
companies mined clinoptilolite and chaba- 
zite in five States. 

The Double Eagle Petroleum & Mining 
Co. leased its Castle Creek zeolite mine in 
Idaho to International Minerals & Chemical 
Corp. The deposit is composed of more than 
90% clinoptilolite and has proven reserves 
in excess of 20 million tons.“ Zeolite Inter- 
national Inc. developed and operated a zeol- 
ite deposit at Ash Meadows, CO. The deposit 
was leased from Anaconda Minerals Co., a 
subsidiary of Atlantic Richfield Co. The Ash 
Meadows deposit is a high-purity clinoptilo- 
lite deposit. The clinoptilolite was marketed 
for aquaculture, desiccation, solar energy, 
and gas separation. 

The Georgia Institute of Technology in 
Atlanta established a program to study the 
synthesis, characterization, catalytic, and 
absorption properties of molecular sieves 
and zeolites.'* The program will be funded 
by industrial sponsors, who will receive 
royalty-free, nonexclusive licenses to the 
products of the center. 

The use of zeolites as molecular sieves for 
absorbents and desiccant applications in- 
creased in 1985, replacing silica gel and 
activated alumina. Zeolites were estimated 
to account for 50% of the market, up from 
33% in 1976. 

Zeolites are used in water treatment as 
ion exchangers.'* Synthetic zeolites, in par- 
ticular, are widely employed where water 
purity is critical to prevent scale buildup, 
such as in electric power station and other 
industrial boiler operations. Synthetic zeo- 
lite resins exchange sodium for calcium and 
magnesium to reduce the hardness of the 
water without affecting the total dissolved 
solids content. Natural zeolites are used less 
extensively. They do not possess the same 
cation exchange capacities of synthetic zeo- 
lites, but they are lower in cost, more 
resistant to attrition, and have greater af- 
finities for some heavy cations. Several 
uses, both experimental and commercial, 
include ammonium-ion removal in waste- 


water treatment, odor control for fish farm- 
ing, chicken farming, and in cat litter, and 
removal of heavy metal ions from nuclear, 
mine, and industrial wastewaters. 

PQ Corp. began an expansion of its syn- 
thetic zeolite facility in Kansas City, KS, 
with construction of a new specialty zeolite 
catalyst plant in 1985.* The company 
planned to expand its zeolite product mar- 
ket from the current detergent-grade zeolite 
A. Sodium Y zeolite would be converted into 
an ultrastable zeolite Y and other Y deriva- 
tives for use as catalysts for petroleum 
refining and chemical synthesis. The plant 
would manufacture zeolites requiring either 
pressurized or atmospheric crystallization. 

Union Carbide Corp. and its subsidiary, 
Katalistics International BV, ran commer- 
cial trials using newly developed zeolite 
catalysts based on ultrastable zeolites.'* The 
new catalysts were reported to produce 
high-octane gasoline, rich in olefins, and to 
impede coke formation and aromatic con- 
densation and offer a viable alternative to 
other methods of producing high octane 
levels, such as polymerization, isomerizs- 
tion, alkylation, or the addition of metha- 
nol. 

The New Zealand Synthetic Fuels Co. 
began operation of the first commercial 
application of Mobil Oil Corp.'s methane-to- 
gasoline (MTG) process at their Motunui 
plant. The key element of the MTG proc- 
ess is the ZSM-5 zeolite used in the process. 
With intersecting 
channels, the zeolite allows hydrocarbons to 
boil in the gasoline range and limits prod- 
ucts to short chain hydrocarbons. The MTG 
conversion is a new technology that may 
challenge traditional methods of producing 
synthetic fuels and organic feedstocks. 

A private group called Inversiones BIMA, 
Buenos Aires, Argentina, applied for Gov- 
ernment approval to build a $920 million 
MTG plant.” The planned plant capacity 
would be 1 million cubic meters of gasoline 
per year, with annual revenues from ex- 
ports estimated at $300 million at 1985 
world prices. This plant would be only the 
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second commercial application of Mobil 
Oil’s MTG process. 

Several new zeolite deposits were discov- 
ered in the Angora, Yakut, and Buryat 
areas in Eastern Siberia. The All-Union 
Institute of Geology, Geochemistry, and 
Minerals Raw Materials in Irkutsk set up a 
laboratory to study the mineralogical char- 
acteristics of zeolites from these deposits. 


TECHNOLOGY 


The cesium exchange properties of sever- 
al zeolitic tuffs and several synthetic zeo- 
lites were tested using equilibrium ex- 
change reactions.” The zeolitic tuffs were 
composed of phillipsite, mordenite, clinop- 
tilolite, erionite, chabazite, and analcime. 
Zeolitic tuffs composed of phillipsite had the 
best ion exchange characteristics over a 
range of solution concentrations. The phil- 
lipsite tuffs also reacted more favorably to 
heat treatment, used to immobilize the 
cesium in the structure, than other zeolites 
types. The significance of the exchange 
capacities and phase transformations of the 
phillipsite-rich tuffs is the potential to de- 
contaminate nuclear waste solutions and fix 
cesium in the crystal structure to prevent 
removal by leaching with ground water. 

Single metal atoms can be directed and 
attached to the intracrystalline cavities of 
some zeolites by using a solvated metal 
atom that can pass through the crystal 
structure and enter the a-cages while main- 
taining the integrity of the zeolite struc- 
ture.“ Bis(toluene)iron(o) and  bis(tolu- 
ene)cobalt(o) were filtered through faujasite 
zeolite Y at 173 to 193 K. Upon reaching 
room temperature, the bis(toulene)metal(o) 
complex decomposed to toluene and a metal 
atom, leaving metal atoms in the crystal 
Structure. Metal atom clusters then formed 
when single atoms diffused through the 
structure and agglomerated. The cluster 
sizes are controlled by the initial atom 
loading in the structure and the size of the 
a-cage. This technique was proven to be a 
nondestructive means of depositing zero- 
valent metal atoms in the zeolite structure. 
Zeolites containing site-specific metal clus- 
ters may be potentially useful as catalysts 
for oil, gas, and petroleum production. 

Aluminosilicate zeolites were synthesized 
using a nonaqueous solvent technique. 
Usually, zeolites are synthesized from alka- 
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line aqueous solutions or by solid-state reac- 
tions between silica and alumina salts at 
high temperatures. Using a nonaqueous 
technique, pure silica zeolites, called silica- 
sodalite, were synthesized. This research 
suggested that other framework aluminosil- 
icates could be synthesized in silica-rich or 
pure silica forms. 

Union Carbide developed a molecular 
sieve with many properties similar to 
zeolites.* The sieves, called silicoalumino- 
phosphates (SAPO), formed in a similar 
manner as zeolites, crystallizing at temper- 
atures from 100° to 200° C from reactive 
mixtures containing template materials. 
The template materials, usually organic 
amines or quaternary ammonium com- 
pounds, were retained within the products. 
SAPO were expected to be useful as absorb- 
ents, ion exchange agents, catalysts, and 
catalyst supports. 


1Prepared by Wilton Johnson, mineral specialist. 

3Prepared by James P. Searls, physical scientist. 

3 Prepared by Sarkis G. Ampian, physical scientist. 

*Prepared by A. C. Meisinger, industry economist. 

5Prepared by Harold A. Taylor, Jr., physical scientist. 

*Prepared by Dennis S. Kostick, phvsical scientist. 

"Prepared by Michael J. Potter, physical scientist. 

* American Paint & Coatings Journal. NYCO's Mineral 
Plant To Open; Personnel Changes Take Place. V. 69, 
No. 42, Apr. 1, 1985, p. 48. 

Toon, S. Minerals for Paints. Ind. Miner. (London), 
No. 219, Dec. 1985, p. 73. 

1°Industrial Minerals (London) Growth Forecast in 
„ Minerals Market. No. 218, Nov. 1985, 
p. 17. 

H.— ——. Partek Doubles Wollastonite Capacity. No. 
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l3 Prepared by Robert L. Virta, physical scientist. 
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ARSENIC: 


In 1985, ASARCO Incorporated terminat- 
ed copper smelting operations and associ- 
ated byproduct arsenic trioxide recovery at 
Tacoma, WA, although shipments of arsenic 
trioxide from stocks and limited production 
from cleanup operations continued. Imports 
of arsenic trioxide increased markedly as a 
result of increased demand for arsenical 
wood preservatives and the decline in do- 
mestic shipments of trioxide. Expanded 
world capacity more than met the increased 
demand for arsenic and its compounds, and 


prices remained unchanged throughout the 


year. 

Domestic Data Coverage.—Arsenic triox- 
ide was produced by one U.S. company, 
which voluntarily reported its production to 
the Bureau of Mines. 

Legislation and Government Pro- 
grams.—On July 13, 1984, the Environmen- 
tal Protection Agency (EPA) issued a “No- 
tice of Intent To Cancel Registrations of 
Pesticide Products Containing Creosote, 
Pentachlorophenol, and the Inorganic Ar- 
senicals” and announced that certain modi- 
fications to the terms and conditions of 
registration for wood preservative uses of 
the three chemicals were required to avoid 
cancellation. In addition, it established 
workplace regulations and air monitoring 
criteria at wood preserving plants and re- 
quired wood pressure treaters to provide 


consumer information sheets on the safe 
handling and disposal of treated wood. As a 
result of challenges filed by the wood pre- 
servative industry, EPA, in several separate 
actions during 1984 and 1985, stayed the 
effective date of the modifications to the 
terms and conditions of registration.* 

On September 30, Public Law 96-510, the 
Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 
(Superfund), expired. Under Superfund, ar- 
senic was taxed at a rate of $4.45 per ton, 
and arsenic trioxide was taxed at a rate of 
$3.41 per ton. At yearend, several bills to 
reauthorize Superfund taxing authority 
were under consideration by Congress. 


During 1985, production of arsenic triox- 
ide and metal by Asarco, the only domestic 
producer, declined from that of 1984 by 
68%. Asarco produced arsenic trioxide at its 
Tacoma, WA, copper smelter as a byproduct 
of the smelting of imported high-arsenic 
copper concentrates and ores, mainly from 
Chile and the Philippines, as well as from 
domestic arsenic-bearing residues and con- 
centrates. Arsenic metal was produced from 
high-purity imported arsenic trioxide; the 
low grade and antimony contamination of 
the arsenic trioxide produced at Tacoma 
made it unsuitable for metal production. 
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In March, copper smelting operations at 
Tacoma, WA, were permanently terminat- 
ed. The company cited low copper prices, a 
shortage of suitable concentrates, and the 
estimated $150 million cost of meeting 
Federal, State, and local sulfur dioxide 
emissions standards as the reasons for clo- 
sure. Although copper smelting ceased in 
March, production of arsenic trioxide from 
stocks of residues continued throughout the 
year. By yearend, production of arsenic 
trioxide and metal had ended, though ship- 
ments of arsenic metal and trioxide from 
stocks were expected to continue through 
the first half of 1986. Asarco was reportedly 
investigating alternatives to its Tacoma 
roasting process for processing arsenic- 
bearing residues generated at other Asarco 
nonferrous smelters. 

In addition to purchasing refined arsenic 
trioxide, Koppers Co. Inc., a major producer 
of arsenical wood preservatives, produced 
refined arsenic trioxide at its plant in Con- 
ley, GA, from low-grade material imported 
from Canada. Arsenic acid was produced 
from the trioxide and was marketed or 
consumed internally in the production of 
chromated copper arsenate (CCA) wood pre- 
servatives. A second company, Mineral Re- 
search Development Corp., Charlotte, NC, 
produced arsenic acid for use in wood pre- 
servatives directly from low-grade Canadi- 
an material. Mineral Research was pur- 
chased by Laporte Industries Ltd. of the 
United Kingdom, which also purchased 
Chemical Specialties Inc., a producer of 
CCA wood preservatives, in Valdosta, 
GA. Chemical Specialties expanded its CCA 
mixing capacity, making it one of the larg- 
est domestic producers of arsenical wood 
preservatives. W. R. Metals Inc., formerly 
Williams Strategic Metals Inc., Wheat 
Ridge, CO, produced arsenic acid for sale to 
the wood preservative industry from arsen- 
ic-bearing lead smelter flue dusts contain- 
ing about 50% arsenic at its plant in Wyo- 
ming. 

High-purity arsenic metal for use in 
electronic devices was refined from com- 
mercial-grade metal by at least two com- 
panies—Asarco at its Globe, CO, plant, and 
Canyonlands 21st Century Corp. at its 
Blanding, UT, facility. By yearend, Canyon- 
lands had declared bankruptcy and was 
closed; its assets were to be sold at auction. 


CONSUMPTION AND USES 


Arsenic compounds, principally arsenic 
trioxide, accounted for 98% of the arsenic 
consumed in 1985. Demand for arsenic and 
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its compounds was estimated to be equiva- 
lent to about 18,000 metric tons of contained 
arsenic, up slightly from that of 1984. Do 
mestic production accounted for about 21% 
of demand. Three major producers of arsen- 
ical wood preservatives and four producers 
of agricultural chemicals accounted for 
most of the domestic consumption of arsenic 
trioxide. Arsenic acid, produced from arsen- 
ic trioxide, was used directly, or as an 
intermediate product. The estimated end- 
use distribution of arsenic was 67% in wood 
preservatives, 25% in agricultural products 
(principally herbicides and desiccants), 4% 
in glass, 2% in metallic form in nonferrous 
alloys and electronics, and 2% in other uses 
(animal feed additives, pharmaceuticals, 
etc.). 

CCA, by far the most important of the 
arsenical wood preservatives, is a water- 
borne, leach-resistant wood preservative 
prepared by mixing arsenic acid with cop 
per oxide or sulfate and chromic acid. It is 
used to pressure treat a variety of wood 
products that are subject to outdoor or 
inground exposure, and may serve to extend 
the service life of wood by a factor of at least 
15. According to data published by the 
American Wood Preservers Institute for 
1983 and 1984, there were 547 wood treating 
plants operating in the United States in 
1984, 342 of which treated with waterborne 
(96% CCA) preservatives. The plants treat- 
ed 499.1 million cubic feet of wood products 
in 1984: 301.7 million with waterborne pre- 
servatives, 137.6 million with creosote solu- 
tions, 53.6 million with pentachlorophenol, 
and 6.2 million with fire retardant chemi- 
cals. Although total production of treated 
wood in 1984 was 12% above 1983 produc- 
tion levels, production of wood products 
treated with waterborne preservatives in- 
creased by 17%. Of the wood products 
treated with waterborne preservatives, 76 
was lumber; 7%, timbers; 5%, fence posts; 
4%, poles; and 8%, other products.“ 

The principal agricultural market for 
arsenicals was in cotton growing, where 
arsenic acid was used as a desiccant to aid 
in mechanical stripper harvesting of cotton, 
and other arsenical chemicals, such as 
monosodium methanearsonate (MSMA and 
disodium methanearsonate (DSMA), were 
used as herbicides for control of grassy and 
broadleaf weeds. Cotton planting in 1985 
declined slightly from 1984 levels. To a 
lesser extent, arsenical herbicides were 
used in noncrop areas such as railroad 
right-of-ways. 

Arsenic trioxide and arsenic acid were 
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used in the glass industry primarily as a 
fining agent to remove tiny, dispersed air 
bubbles and also as a decolorizing agent. 
Use in recent years has been limited to the 
pressed and blown glass sector for products 
such as tableware, lead glass, optical glass, 
and glass ceramics. 

The bulk of metallic arsenic was used in 
lead- and copper-based alloys as a minor 
additive (about 0.0196 to 0.596) to increase 
strength in the posts and grids of lead-acid 
Storage batteries and to improve corrosion 
resistance and tensile strength in copper 
alloys. A relatively small amount, less than 
10 tons, of high-purity arsenic metal was 
used in the electronics industry. Gallium 
arsenide and its alloys have been used in 
such products as light-emitting diodes and 
displays, room-temperature lasers, micro- 
wave devices, solar cells, and photoemissive 
surfaces. Development of gallium arsenide 
integrated circuits (IC) continued to gain 
momentum during 1985, the first commer- 
cially available gallium arsenide IC's hav- 
ing become available early in 1984. Because 
gallium arsenide devices, compared with 
silicon devices, have higher operating 
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frequencies, lower power consumption, low- 
er noise, and superior resistance to radia- 
tion, they were expected to have extensive 
military applications. 


The price of domestically produced crude 
arsenic trioxide, guaranteed minimum 9596 
purity, remained constant throughout the 
year at $0.33 per pound for carload quanti- 
ties, as supplies of trioxide remained plenti- 
fu] despite the closure of Asarco's Tacoma, 
WA, smelter. Prices for imported refined 
trioxide also remained constant throughout 
the year, Mexican trioxide having a pub- 
lished price of $0.42 per pound. 

The price of domestically produced arsen- 
ic metal, marketed in 250-pound drums or 
2,000-pound pallets, remained constant at 
$2.10 per pound. High-purity arsenic metal 
for electronics usage was sold in evacuated 
or argon-filled ampules to inhibit oxidation. 
While domestic material, guaranteed to be 
99.999% pure, sold for $100 per kilogram, 
imported material of higher guaranteed 
purity cost as much as $100 per gram in 
small quantities. 


Table 1.—Arsenic price quotations 
(Cents per pound, yearend) 


Trioxide, domestic, 95% As3Os, Lob Tacoma, WA. 
Trioxide, Mexican, 99.13% As30s, Lob Laredo, XT 
Metal ic, 99% As? 


producers quote. 
Metals Week. 


In response to increased demand and 
curtailed domestic shipments, imports of 
arsenic trioxide increased by 18% in 1985. 
Imports of arsenic trioxide from Canada 
were largely arsenic trioxide-bearing flue 
dusts, generated during the roasting of 
arsenical gold ores by Campbell Red Lake 
Mines Ltd. and Giant Yellowknife Mines 
Ltd. A small portion of Canadian imports of 


42 
210 


arsenic trioxide were from Cominco Ltd.'s 
new arsenic recovery plant associated with 
the Con Mine in the Northwest Territories. 

Small quantities of low-grade, minimum 
97%, arsenic trioxide were received from 
new arsenic refineries in Chile and the 
Philippines. Industry sources indicated that 
major wood preservers were testing this 
material as a substitute for domestic crude 
material. 
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Table 2.—U.S. imports for consumption of arsenicals, by class and country 


1983 1984 1985 
Class and coun Quantit: Value Quantit Value nti Value 
= SC (metric (thou- metric (thou- Krieg cho 
tons) sands) tons) sands) tons) sanda) 
Arsenic trioxide: 

Australia 2 . eee 81 "$10 T" e 30 @ 
Begim- Casembours EE 946 848 843 $654 1,498 1,074 
PIII 8 E 16 4 98 8? 
Canada VVV»; ³oÜ0ub.. EIS de 2,525 542 4.767 1.468 3,669 4,059 
ö;—ÜOo f 8 uA UN 3 Ze 191 101 
China %% Ee 17 36 a= Ilt 105 4 
France ` EE 667 106 1,261 849 3,608 2264 
Germany, Federal Republic ob 1 6 (4) 1 8 Bia 
JÉDERR. iz eee é (di 1 a s 371 184 
Korea, Republicof _.._...._._.--.----- -— 61 Lao EN 

Mexico `- 2,531 2,700 8,115 2,820 
Namibia `- So sk See eee ee 16 11 at. E id ae 
Netherlands SE = SN ve 236 Lë 
Philippines ius TM Da 22 23 10 
Ug. n ee eco LIE E Eé 23 S 18 12 
South Africa, Republic lh 17 18 m 113 "2 
RENNES ARP ae, CaS ae POS ME OMEN 3,430 8,528 8,914 3,608 2,996 3.014 
United Kingdom `... SE ot 2 E 116 58 
Totals s uic deae o adi m: 10,186 8,406 13,985 9,454 16,472 14.058 

Arsenic acid: 

Australian 74 54 21 15 za es 

GE ET d. MI 1 BER = 
Germany, Federal Republic ob (3) 2 DÉI DI Ss pe 
p Se ee ete RE ee ats be NI 1 EE SN 
Merico ocu re et ri m ate 65 57 zu ine 
United Kingdooͤnunt¹l¹ßc 2,277 2,304 2,420 1,973 1,993 1.360 

Total 2. ond EC 2,385 2,394 2,506 2,047 1,993 1.560 
Arsenic sulfide 

JJC eee EE (3) (?) 20 3 S Kaes 
öĩ5Ü⅕k eM ee 1,127 1,522 (è) 1 E Se 
Philippines SEN m Ls A 2 

Total 252 ------------- 1,127 1,522 20 4 2 

Arsenic metal: 
Belgium- Luxembourg ( 7 e SES z% is 
%%%Ü§öð—⁵²G! r˙ ũꝛ . eee ee Sus 328 21 712 23 644 
CHING «nu ce WS Se eh la edad 128 428 102 350 136 311 
France ` -> i Nn ($) 4 He oe 
Germany, Federal Republic ob 1 111 2 216 2 195 
MOOG. — — cee 8 SE oe ou emm 41 158 
)7õ%õ7ĩ˙ö%y !! Se ee eee ee (3) 30 1 127 22 171 
Netherlands oe we 5 19 um Ge 
, . a e E 108 435 158 814 us KC 
United Kingdo— (ij 62 ‘15 87 d) 12 
„ 243 1.401 304 2,127 407 2.150 

Lead arsenate: 

JJ EMERY Dayo eae ud us 3 3 29 13 
Germany, Federal Republic oa (4) 2 3 9 PEN Gre 
Japan EE n Gg SC inte NI U 
Netherlands Sei eee ae ws S oe — 12 2 66 12 
POO um Se ee ⁊ĩͤ ee eh 17 35 64 105 68 LA 
United Kingdom `... ee ek as a 1 2 S eg 

CES 17 37 73 145 162 Bi 
Sodium arsenate: 

c eee eee ee 8 BEN E e 20 7 

EEN NI 2 1 3 e 3 

Total onus sudes Eds de ws uiis () 2 1 3 20 10 


See footnotes at end of table. 
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Table 2.—U.S. imports for consumption of arsenicals, by class and country —Continued 


1983 1984 1985 
Class Quantity Value Quantity Value Quantity Value 
end county (metric thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) 
Arsenic compounds, n.e.c.: 
Canada >- 22. oe eee diee co RES UE Eds E 17 $588 EN TN 
Mexico oi oo y See er ^ 2s we NN 23 $52 
Mn EHE ( 17 $22 17 20 ES GES 
United Kingdom `... 9 108 1 165 (?) 66 
Ee Wi 28 NI 29 NI 13 
ste E EE ees 26 158 85 801 23 131 
"Revised. 
Les than 1/2 unit. 
*Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 3.—U.S. import duties for arsenicals 
fos TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Arsenic metall! 632.04 0.8 cent per pound Fre 6.0 cen per 
pound. 
Trionide and sulfide . . .... _ - 99155 Fre DEE, E Free. 
Other compounds 417.64 4.0% ad valorem . 8.7% ad valorem _ 25% ad valorem. 
WORLD REVIEW reported being held by Western European 


Arsenic trioxide was produced in at least 
16 countries as a byproduct of processing 
nonferrous ores. The nine principal produc- 
ing countries accounted for about 90% of 
world production. With the exception of 
Canada, which had at least two producers of 
crude trioxide and one producer of refined 
trioxide, the production in each of the nine 
countries was principally from one compa- 
ny. 

The closing of Asarco's Tacoma, WA, 
smelter, which had been the largest market 
economy country producer of arsenic triox- 
ide, did not result in a shortage of world 
supplies. New production facilities in Chile 
and the Philippines have resulted in a 
world oversupply of arsenic, with much of 
their 1985 production being stockpiled. Sig- 
nificant stocks of arsenic trioxide were also 


producers. In addition, during 1985, Société 
des Mines et Produits Chimiques de Sal- 
signe S.A., in France, which produced arse- 
nic from gold-silver-copper ores, installed a 
new roaster to treat high-arsenic concen- 
trates and expanded its arsenic trioxide 
production capacity by about 50%. 

In addition to the United States, which 
accounted for more than 60% of the world 
demand, the United Kingdom was a major 
consumer of arsenic trioxide and metal. 
There were at least three British compa- 
nies, Rentokil PLC, Hickson Timber Prod- 
ucts Ltd., and Laporte Industries, producing 
arsenical wood preservatives domestically 
and abroad. At least two British companies, 
Johnson Matthey Chemicals Ltd. and MCP 
Electronic Materials Ltd., produced high- 
purity arsenic metal.“ 
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Table 4.—Arsenic trioxide: World production, by country: 
(Metric tons) 
Country? 1981 1982 1983 1984 1985* 

Belgiu JJõ·· K og ge ete cs 3,000 3,000 8,000 3,000 3,000 
UHT so cs cas ee et hE ah Re 8 127 261 107 144 400 
e TT TEEN 72,000 72,000 72,000 T3,000 3,000 
CO coeca xxx et es x ns Nr 93.500 4,000 
RT 95,200 r $6,000 4,721 3.828 4,000 
Germany, Federal Republic of? ____________ 360 ` 360 360 360 3e 
Korea, Repub EE on Ke 8 M yt 
EA 6.517 4740 4.557 5496 5,000 
SE Ehe eren A 1,870 1,895 1,126 2,504 2.500 
le ios ee EE EE 2,164 1,663 1,110 887 800 
Philippines“ %%% 8 eee Ee esta: ae 5,000 
J) VM IR HERR MEX: «4251 200 1180 180 170 
Sweden 000 „„ 6,900 7,200 5,300 5,900 6,000 
JJ] ie oat is 7,750 7,800 7,900 8,000 8,100 
United State... 7 icti 8,000 7,300 6,800 2 200 
Toll]. aS ie a to oes 143,731 143,525 38,527 44,099 45,090 


ted. 


Preliminary. "Revised. NA Not available. 


*Estima 
‘Including calculated arsenic trioxide equivalent of output of elemental arsenic and arsenic compounds other than 
arsenic production. 


trioxide where inclusion of such materials 
*Table includes data available through June 10, 1986. 
hoslovakia, 


Czec 
Yugoslavia have produ 


reliable estimates of output levels, if any. 


*Figures include estimated production of low-grade dusts that were exported to the United States for further refining. 
*Chile 1983 from the El Indio gold-copper ores; however, it 
foreign producers. le has hot bans listed separately to u vcii deulie 


ucing arsenic trioxide d 


and re required further refining 


eode inn 


Reported figure. 
Output of Tsumeb Corp. Ltd. only. 


would not duplica 


the German Democratic Republic, Hungary, 
ced arsenic and/or arsenic compounds in previous years, but information is 


te reported arsenic trioxide 


Spain, the United Kingdom. and 
inadequate 


to make 


was not ef 


“The Philipines of Empresa Minera del Centro del Pera (Centromin Perú). 


may have had some arsenic output in 1984 from the Phili 
copper P enel ter. but available data are not adequate to make reli 


Bier) po 


Associated Smelting and Refining 
estimates of output levels, if any. 
exported. 


on arsenic trioxide exported plus the arsenic trioxide equivalent of the output of metallic arsenic 


TECHNOLOGY 


CSS Management Inc, in Skykomish, 
WA, in cooperation with the Bureau of 
Mines, developed a process to leach its gold- 
bearing arsenical copper flotation concen- 
trate. Its concentrates had previously been 
processed at Asarco's Tacoma, WA, smelter. 
The process is based on a patented calcium- 
chloride, compressed-air leaching technolo- 
gy developed at the Bureau's Reno Research 
Center to process arsenic-bearing complex 
sulfides. The copper and precious metals 
are extracted by leach solution at elevated 
temperatures and then selectively precipi- 
tated. The arsenic remains with the residue 
in an insoluble form. CSS was exploring the 
application of the process to high-arsenic 
flue dusts accumulated at the closed Ana- 
conda copper smelter in Montana.’ 

Researchers at the Montana College of 
Mineral Science and Technology, Butte, 
MT, investigated methods of stabilization 
for permanent disposal of arsenic and other 
heavy metals contained in the flue dusts 
generated during copper smelting. Analysis 
of flue dusts stockpiled at various smelters 
revealed arsenic contents of up to 29.4%. 


The researchers found that by low-tem- 
perature roasting of the flue dusts with 
lime, the arsenic was converted to calcium 
arsenate and calcium arsenite, which could 
be effectively dissolved in copper reverbera- 
tory slags. Leach tests on the solidified slags 
indicated low arsenic extractive rates, mak- 
ing them suitable for outdoor storage.* Oth- 
er research at the Montana College of 
Mineral Science, with support from the 
Bureau of Mines Mineral Industry Waste 
Treatment and Recovery Generic Center at 
Butte, involved the removal of arsenic from 
lead smelter speiss. More than 98% of the 
arsenic was removed by volatilizing it in the 
presence of sulfur under a carbon dioxide 
atmosphere at 800° C. Arsenic removed 
from the speiss was deposited on the reactor 
wall as elemental arsenic.* 

Rapid advances continued to be made in 
the commercial development of gallium ar 
senide IC technology, and major invest- 
ments in new facilities continued. Ford 
Motor Co., in a major diversification move, 
began production of gallium arsenide IC's at 
a new $33 million facility in Colorado 
Springs, CO. Ford reportedly planned to 
produce gallium arsenide chips for use in 


OTHER METALS 


electronic data processing, instrumentation 
and testing, telecommunications, and aero- 
space applications. The plant, when fully 
operational, was expected to produce about 
25,000 wafers per year.“ 

Improvement in the techniques for epi- 
taxial growth of gallium arsenide crystal 
layers on either silicon or gallium arsenide 
substrates was a major research focus. Bell 
Communications Research, Livingston, NJ, 
unveiled a new crystal growth process that 
involved the concept of floating wafers 
while growing crystal layers on them. Using 
its "vapor levitation epitaxy” (VLE) meth- 
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od, the company reportedly produced ul- 
trathin layers of gallium arsenide and 
other semiconductor materials in the excep- 
tionally pure state essential to fiber-optic 
communications systems.! Another proc- 
ess, developed at the University of Illinois, 
involved the use of molecular-beam epitaxy 
to deposit nearly perfect layers of gallium 
arsenide onto silicon wafer substrates. Use 
of silicon wafer substrates avoids some of 
the brittleness, size limitations, and poor 
thermal conductivity of gallium arsenide 
substrates. 


CESIUM AND RUBIDIUM!'* 


Cesium, usually in the form of chemical 
compounds, was used mainly in research 
and development, including the develop- 
ment of magnetohydrodynamic (MHD) elec- 
tric power generators, thermionic energy 
converters, and biological research. Com- 
mercially, cesium was used in electronic, 
photoelectric, and medical applications. Ru- 
bidium, usually in the form of chemical 
compounds, also was used mainly in re- 
search and development. It was also used 
commercially in electronic and medical ap- 
plications. 

Domestic Data Coverage.—Domestic da- 
ta for cesium and rubidium are developed 
by the Bureau of Mines from a voluntary 
survey of U.S. operations. Of the four oper- 
ations to which a survey request was sent, 
all responded, but only one company report- 
ed production of cesium and rubidium prod- 
ucts. Production data are withheld to avoid 
disclosing company proprietary data. 


DOMESTIC PRODUCTION 


Small quantities of cesium metal and 
compounds were produced from pollucite 
ore imported from Canada and Zimbabwe. 
Rubidium metal and compounds were pro- 
duced from imported lepidolite ores. 

The only producer of cesium and rubid- 
ium metals and compounds was the KBI 
Div. of Cabot Corp. at its plant at Revere, 
PA. The Callery Chemical Co., Callery, PA, 
a producer in past years, retained its pro- 
duction capacity and was considered a po- 
tential supplier. 


CONSUMPTION AND USES 


Data concerning specific end uses and 
consumption patterns for cesium and rubid- 
ium and their compounds were not avail- 
able. Cesium and rubidium and their re- 
spective compounds were interchangeable 
in most applications, although cesium com- 
pounds were most widely accepted because 
of their availability and price advantages. 

More than 7596 of the cesium and rubid- 
ium consumed in the United States was 
used in research. The principal use in this 
application was developmental research on 
direct energy-conversion devices, such as 
MHD generators, solar photovoltaic cells, 
and thermionic and high-temperature 
Rankine-cycle turboelectric power genera- 
tors. Commercial consumption included 
uses for high-voltage rectifying tubes and 
for infrared lighting. Cesium chloride was 
used in photoelectric cells because its color 
sensitivity is higher than that of other 
alkali salts. 


Prices of rubidium compounds increased 
10% in 1985, while prices of cesium com- 
pounds remained unchanged. Metal prices 
did not change from the 1984 levels. At 
yearend, cesium metal was $275 per pound 
for technical-grade and $375 per pound for 
high-purity metal. Rubidium metal prices 
were $300 per pound for technical-grade 
and $375 for high-purity metal. All price 
data were obtained from the KBI Div. of 
Cabot. 
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Table 5.—Prices of selected cesium and rubidium compounds 
(Base price per pound’) 


1983 1984? 1985 
Compound . High- High- ; High- 
po Technical purity Technical purity Technical purity 
grade grade grede 
Cesium bromidſe - — $34.25 $69 50 $36.80 $74.70 $36.80 $74.70 
Cesium carbonatee _ 34.25 69.50 36.80 74.70 36.80 74.10 
Cesium chloride. 36.50 12.50 39.20 78.00 39.20 78 00 
Cesium fluoride 43.50 80.00 46.80 86.00 46.80 86 00 
Cesium hydroxide |... 41.25 78.00 44.40 83.90 44.40 83.90 
Rubidium carbonat 2 83.50 125.00 89.80 134.40 98.80 147.80 
Rubidium chloride 84.50 126.00 90.90 135.50 100.00 149.10 
Rubidium fluoride - 91.00 132.00 97.80 141.90 107.60 156 10 
Rubidium hydrox ide 91.00 132.00 97.80 141.90 107.60 156.10 
1For quantities of less than 100 pounds, f.o.b. Revere, PA, excluding packaging costa. 
2Eſſective Oct. 1, 1984. 
Source: Cabot Corp. (KBI Div.). 
FOREIGN TRADE imported from the Federal Republic of Ger- 


The quantity of cesium compounds im- many. Trade data on raw materials and 


ported in 1985 was approximately equal to metal were not available. 
that of 1984. Most cesium compounds were 


Table 6.—U.S. imports for consumption of cesium compounds, by class and country 


1983 1984 1985 
Class and country Quantity Quantity Quantity 
(pounds) Value (pounds) Value (pounds) Value 
Cesium chloride: 

Germany, Federal Republic of 13,655 $507,876 25,050 $741,468 20,452 $630,635 
Netherlands 220 10,949 110 6,465 33 1.587 
NOFWBY- --------------- NET PN e: m 362 11.235 
Sweden S 23 18 884 115 1.361 
United Kingdom * ios. es E 192 5,464 

Total 2: Lacie 13,875 518,825 25,178 748,817 21.154 656,688 

Cesium compounds, n.s.p.f.: 

Austria 13 685 2 —— e E 
ll 2,406 2,093 520 4,100 ae ure 
German Democratic Republic TN nm 23 PE 119 2,625 
Germany, Federal Republic of 2,930 94,532 18,206 626,885 28,358 185.7 
Greece oo cr ccs hs eS ah bx E PME SES 110 2.126 
FJC omne E a 100 30,000 EI mim 
Japans EN GH 210 60.087 170 32.250 
Netherlands E Ge 231 11,980 — a 
United Kingdom 3 397 9,207 69,925 626 164,468 

CCC 5.352 97.707 28,474 802,977 29,383 937 854 


Source: Bureau of the Census. 


Table 7.—U.S. import duties for cesium and rubidium 


Ite TSUS Most favored nation (MFN) Non-MFN 
m SL Od 

No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Ore and concentrate 601.66 Free Free Free. 
, Se a See ee 415.10 6.1% ad valorem _ 5.3% ad valorem _ 25% ad valorem 
Cesium chloride 418.50 4.5% ad valorem . 4.0% ad valorem . Do. 
Other cesium compounds 418.52 4.3% ad valorem . ud dO ccu Do. 
Rubidiumndmwdw/ _ 415.40 4.0% ad valorem . 3.7% ad valorem _ Do. 
Rubidium compounds 423.00 E, EE monde WEE Do. 
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The Tantalum Mining Corp. of Canada 
Ltd.’s mine at Bernic Lake, Canada, the 
major world source of the cesium ore pollu- 
cite and the rubidium ore lepidolite, re- 
mained on standby throughout 1985. The 
mine suspended operations at the end of 
1982 owing to weak markets and large 
inventories. 


TECHNOLOGY 


A new commercial use for radioactive 
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cesium for the sterilization of medical in- 
struments was reported. Large shipments of 
the material were reportedly made for the 
Hanford, WA, nuclear reservation to two 
firms in Colorado and Ohio. 

Cornell University reportedly purchased 
20 tons of thallium-activated cesium iodide 
single crystals, used for detecting high- 
energy gamma rays, from Horiba Ltd., Kyo- 
to, Japan. The cesium material reportedly 
is easier to fabricate and has a higher 
resistance to humidity than the sodium 
iodide used in conventional detectors.'* 


GERMANIUM: 


The estimated domestic production and 
consumption of refined germanium increas- 
ed compared with those in 1984. Infrared 
systems and fiber optics continued to be the 
major markets for germanium. 

Domestic Data Coverage.—Domestic re- 
finery production and consumption data for 
germanium are estimated by the Bureau of 
Mines based on discussions with domestic 
producers. 

Legislation and Government Pro- 
grams.—On September 20, the EPA issued 
final regulations under the Clean Water 
Act for nonferrous metals manufacturing 
operations that limit the discharge of pol- 
lutants into navigable waters and into pub- 
licly owned treatment works. The primary 
and secondary germanium and gallium sub- 
category, 1 of 25 subcategories covered by 
this regulation, set limits on effluent dis- 
charges from both new and existing plants. 
Daily and monthly average maximums on 
the arsenic, fluoride, lead, and zinc content 
of effluents emanating from these plants 
were specified. Since the germanium con- 
tent of these effluents, previously proposed 
for regulation, was expected to be controlled 
by best practical technology methods, the 
EPA decided that any specific limitations 
on this metal would be made on a case-by- 
case basis. 

On May 23, the U.S. Department of Com- 
merce, with the approval of the Federal 
Emergency Management Agency, published 
National Defense Stockpile Purchase Speci- 
fications for refined intrinsic germanium 
metal. As of December 31, 1985, the stock- 
pile goal remained at 30,000 kilograms; 
however, no germanium metal had been 
acquired. 


On July 8, the President approved the 
National Security Council (NSC) recommen- 
dations for modernizing the strategic and 
critical materials stockpile. Under the NSC 
proposal, the National Defense Stockpile 
would be structured into two tiers. Tier I 
would contain materials required by mili- 
tary, industrial, and essential civilian users 
during a military conflict that would not be 
available from domestic or reliable foreign 
sources. Tier II would contain a supplemen- 
tal reserve of materials already 
by the Government. Germanium was in- 
cluded in tier I of this proposal with a goal 
of 146,049.4 kilograms. At yearend, this 
proposal was under consideration by the 
Congress. The Department of Defense Au- 
thorization Act, 1986 (Public Law 99-145), 
signed by the President on November 8, 
1985, stated that no action may be taken 
before October 1, 1986, to implement or 
administer any change in a stockpile goal in 
effect on October 1, 1984, that results in a 
reduction in the quality or quantity of any 
strategic and critical material to be ac- 
quired for the National Defense Stockpile. 


DOMESTIC PRODUCTION 


Domestic refinery production from both 
primary and secondary materials was esti- 
mated to be 22,000 kilograms. Based on the 
published U.S. producer price for refined 
germanium metal, the approximate value of 
production was $28 million. 

Refined germanium products were pro- 
duced by Eagle-Picher Industries Inc., Qua- 
paw, OK; KBI Div. of Cabot, Revere, PA; 
and Atomergic Chemetals Corp., Plainview, 
NY. 
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In September, Rare Materials Interna- 
tional Inc. reported the permanent closure 
and dismantling of its 1,200-kilogram-per- 
year germanium production facility in Ir- 
ving, TX. 

The Jersey Miniére Zinc Co. in Clarks- 
ville, TN, continued to produce germanium- 
rich residues as a byproduct of processing 
zinc ores from its Gordonsville and Elm- 
wood Mines. These residues reportedly were 
shipped to Métallurgie Hoboken-Overpelt 
SA (MHO) in Belgium for germanium recov- 
ery and refining. 

Startup problems continued to delay the 
opening of Musto Explorations Ltd.’s pri- 
mary gallium and germanium recovery 
plant near St. George, UT. The plant report- 
edly began limited production of 99.9%- 
pure gallium in October, but full-scale gal- 
lium production was postponed until 1986. 
The germanium production circuit was re- 
portedly nearing completion by yearend 
1985. Development continued on the Apex 
Mine ore zone, which reportedly contained 
recoverable quantities of copper, silver, and 
zinc, as well as germanium and gallium. 
The plant was the only operation in the 
world to recover germanium or gallium as 
principal products, and, when fully opera- 
tional, the plant’s annual production capac- 
ity was expected to be 17,900 kilograms of 
germanium and 10,000 kilograms of gal- 
lium. 

According to a report published by the 
U.S. Geological Survey, the Apex Mine ore 
body was defined as a goethite-limonite- 
hematite zone that contained local concen- 
trations of jarosite, azurite, malachite, and 
other supergene copper, iron, lead, and zinc 
minerals. Most of the copper-rich ore at the 
Apex Mine was removed during previous 
mining operations, leaving behind the iron 
oxide minerals in which most of the germa- 
nium was concentrated. 


CONSUMPTION AND USES 


The consumption of germanium was esti- 
mated at 38,000 kilograms, a slight increase 
compared with that of 1984. The estimated 
consumption pattern by end use of germa- 
nium in 1985 was as follows: infrared sys- 
tems, 65%; fiber optics, 15%; gamma-ray, X- 
ray, and infrared detectors, 5%; semicon- 
ductors, 5%; and other, 10%. 

The largest end use for germanium con- 
tinued to be in infrared optics, especially 
military use in guidance and weapon- 
sighting systems. Germanium-containing 
lenses and windows transmit thermal radia- 
tion in a manner similar to visible light 
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transmission by optical glass. Other impor- 
tant uses for germanium glass included 
nonmilitary surveillance and monitoring 
systems in fields such as satellite systems 
and fire alarms. 

Another important market for germa- 
nium was in fiber-optic cables used in tele- 
communications systems. Fiber-optic sys 
tems were used as replacements for conven- 
tional wire telecommunication systems and 
were finding increased use in existing un- 
derground conduits where space was often 
limited. Fiber-optic systems provided a com- 
pact, short-circuit-free transmission medi- 
um that was not susceptible to distortion by 
an electromagnetic field and could not be 
tapped by currently available technology. 
Although not used in all fiber-optic systems, 
germanium was an important constituent 
in many fiber-optic cables. 

Pirelli Cable Corp. of Union, NJ, an- 
nounced the construction of a new fiber- 
optic cable manufacturing facility near Lex- 
ington, SC. The plant was expected to begin 
operations in early 1986. This installation 
would be the third Pirelli plant producing 
fiber-optic cables in North America; the 
other two were in Wallingsford, CT, and in 
Surrey, British Columbia, Canada. In 
April, International Telephone & Telegraph 
Corp.s Electro-Optical Products Div. an- 
nounced the opening of a high-volume, 
fiber-optic cable production plant in Wor- 
chester, MA.” 

Santa Fe Southern Corp. and Norfolk 
Southern Corp. announced that construc 
tion of an 8,000-mile transcontinental fiber- 
optic network, known as Fibertrak and 
originally scheduled for completion by 1987, 
was deferred because of difficulty in obtain- 
ing the customer commitments necessary to 
begin construction. Teleconnect Co. and 
Williams Pipe Line Co. announced the con- 
struction of a 1,200-mile fiber-optic network 
linking Chicago, IL, to cities in six States. 
Construction of 85% of the line reportedly 
would involve pulling the cable through 
pipeline once used to transport liquid petro 
leum products. The project was scheduled to 
be completed in 1986.2 US Telecom report- 
ed plans to construct a 23,000-mile fiber- 
optic network linking major U.S. cities from 
coast to coast. Representatives of 22 tele 
communications companies and agencies in 
10 countries announced the approval of a 
draft agreement to construct and maintain 
the first fiber-optic undersea cable to span 
the Pacific Ocean. The system covering 
7,200 nautical miles and connecting Califor- 
nia, Hawaii, Japan, Guam, and the Philip 
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pines was expected to be completed by the 
end of 1988.* 
Germanium was used as a substrate upon 


in the manufacture of other semiconductor 
electronic equipment; to improve the hard- 
ness of aluminum, copper, and magnesium 
alloys; and, in some foreign countries, as a 
catalyst in the production of polyester fibers 
and plastic bottles. 


The domestic producer prices, published 
in Metals Week, for germanium metal 
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and germanium dioxide were unchanged 
throughout 1985 at $1,060 and $660 per 


some discounting by domestic producers.. 
FOREIGN TRADE 


A comparison of the value per kilogram of 
imported germanium material with the 
published foreign producer price for germa- 
nium metal was used to estimate the germa- 
nium content of imported scrap. In 1985, the 
estimated germanium content of total im- 
ports was calculated to be approximately 
11,000 kilograms. 


Table 8.—U.S. imports for consumption of germanium, by class and country 


Class and country 


Una Tough and waste and scrap: 


Belgium-Luxembourg ggg 


Canada 


German Democratic Republic .---------------- 
Germany, Federal Republic oualualdld!a !! 
Netherlands -~ ------------------------ 


—— ———— mm ms —— — — 2 — — 


1984 1985 
Gross Gross 
weight Value weight Value 
(kilograms) kilograms) 

E 108,508 $4,258,829 3,772 $1,980,066 
De 47 91.512 23 7,206 
E " as 4,044 1,952,265 
ce SA 1,000 597,643 
os 3,600 1,493,087 1,227 22,304 
ae zm S 8 2,220 
E 1,438 594,313 102 166,612 
= 249 111,283 141 7,191 
m Sé? He 3,206 
ana wm CR 111 41,037 
M e Ns 1,865 
a 1,482 230,977 611 242,226 
ox 115,274 6,780,001 11,047 5,722,890 
S" 1,023 509,373 2,540 
um uum oo 249 807,609 
Rm 1 145 9 5,025 
us 133 34,11 5 4,624 
nen ds 2d 180 72,661 
D 213 180,248 679 203,378 
ed m SE 182 126,492 
Em 15 34,482 E Së 

1,445 759,259 3,794 3,106,729 


Source: Bureau of the Census. 


Table 9.—U.S. import duties for germanium metal and germanium dioxide 


died TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Germanium dioxide.. -__-____.- 423.00 4.0% ad valorem 3.7% ad valorem 25% ad valorem. 
Metal, unwrought and waste and scrap _ _ 62895 % vd do Do. 
Metal, wrought e 628.30 6.4% ad valorem 5.5% ad valorem 45% ad valorem. 
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WORLD REVIEW 


World refinery production was estimated 
at 80,000 kilograms.** Germanium was pro- 
duced by MHO, Belgium; Société Miniére et 
Métallurgique de Penarroya S.A., France; 
Societa Mineraria e Metallurgica di Pertu- 
sola S.A, Italy; Bleiberger Bergwerks- 
Union AG, Austria; and Preussag Metall 
AG, Federal Republic of Germany. Germa- 
nium refineries also were in China, Japan, 
and the U.S.S.R. 

Canada.— Telecom Canada, a consortium 
of nine telephone companies and Telesat 

announced plans to build a nation- 
wide system of single-mode fiber-optic cable 
to carry long-distance telephone traffic. The 
System reportedly would span 7,000 kilo- 
meters. 

Finland. Outokumpu Oy announced the 
purchase of Princeton Gamma- Tech, 
Princeton, NJ, which specialized in the 
ultrahigh purification of germanium and 
the growing of germanium crystals. 

Japan.—Germanium metal production in 
Japan reached 10,277 kilograms, an in- 
crease of 25% compared with 1984 produc- 
tion levels. Germanium dioxide production 
was reported to be 14,083 kilograms in 1985 
compared with 10,872 kilograms in 1984.27 

Spain.—The world’s first repeatered un- 
derwater fiber-optic communications sys- 
tem for commercial use was installed in the 
Canary Islands off North Africa by the 
American Telephone & Telegraph Co. and 
Compañia Telefónica Nacional de España, 
the Spanish national telephone company. 
The 72-mile cable system linking Tenerife 
and Gran Canaria reportedly would be used 
initially as a testing system to confirm the 
design of two similar but much larger sys- 
tems that were planned for completion in 
the near future, namely, a 3,000-mile trans- 
atlantic cable, known as TAT-8, running 
from New Jersey to the United Kingdom 
and France and a 7,200-mile system linking 
California, Hawaii, Japan, Guam, and the 
Philippines. Upon completion of testing, the 
system would be turned over to the Spanish 
national telephone company for commercial 
use.” 


to supply 
single-mode fiber-optic cable for i tion 
in Taiwan. This project was reportedly the 
largest fiber-optic project Taiwan had un- 
dertaken and the first to use single-mode 
technology. 


TECHNOLOGY 


A process was reportedly developed to 
recover unused germanium from effluents 
generated during the modified chemical 
vapor deposition process used to manufac- 
ture optical fibers. The process included a 
gas scrubber to incorporate the unreacted 
germanium into solution, a recirculation 
system to increase the germanium concen- 
tration in the solution, a reaction to form a 
germanium precipitate, and a filtration step 
to isolate the germanium-containi solids 
into a wet filter cake, which could be re 
processed to make germanium tetrachlo 
ride. The process reportedly was capable of 
recovering greater than 95% of the un 
reacted germanium.” 

Sovonics Solar Systems, a joint venture of 
Energy Conversion Devices and Standard 
Oil Co. of Ohio, reported the development of 
a silicon-based amorphous alloy solar cell 
with an energy conversion efficiency of 
12.2%. The 1-square-centimeter cell consist- 
ed of three vertically stacked subcells, each 
of which was sensitive to a different color in 
the solar spectrum. The subcells were made 
of a proprietary silicon material containing 
germanium, fluorine, and hydrogen. 

A method reportedly was developed for 
epitaxially growing high-quality thin films 
of germanium on sodium chloride sub- 
strates by plasma-enhanced chemical vapor 
deposition and then separating these ger- 
manium films by either melt-away or differ- 
ential thermal shear streas techniques. The 
free-standing germanium films could be 
used as substrates for the growth of thin- 
film gallium arsenide solar cells. These 
solar cells could be used in large solar cell 
arrays for space applications because of 
their projected high power-to-weight ratio. 


Indium was produced by the Arconium 
Corp., Providence, RI, and Indium Corp. of 
America, Utica, NY. Domestic production 
in 1985 remained about the same as that of 
1984, and imports maintained a significant 


market share. The Bureau of Mines does 
not publish domestic Production data on 
indium. Small quantities of secondary in- 
dium were available from specialty metal 
recycling firms. 


OTHER METALS 


Indium usage remained about the same 
as that of 1984. Consumption in the cate- 
gories of fusible alloys and solders remained 


especially for solar cells and an indium-tin 
oxide coating for flat glass that would be 
transparent, electrically conductive, and 
prevent entry of infrared rays. Estimated 
consumption patterns for indium metal 
were electrical and electronic components, 
40%; solders, alloys, and coating, 40%; and 
research and other uses, 20%. 
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PRICES 
The producer price of indium, published 


Table 10.—U.S. imports for consumption of indium, by class and country 
(Thousand tray ounces and thousand dollars) 


ne 1988 1984 1985 

Sy Quantity Value Quantity Value Quantity Value 

Unwrought and waste and scrap: 
Belgium-Luxembourg `... 218 556 263 837 99 287 
Gude J) ͤ ⁵⁵ ß 33 136 26 98 16 100 
China Vac uai 8 OI 10 7 19 128 423 
Le TEE 278 521 231 B44 140 308 
Germany, Federal Republic of |... (4) 1 13 43 2 30 
Hong Kong... -------------------- NI 12 Es E 19 50 
Waly us suut tassa dee Re du a eoe E aa de 250 485 101 201 259 596 
Jamaica.. ---------------- LE um Hs E "E a) 17 
%%éͤ—“]]ĩB 88 3 24 9 40 2 43 
Netherlands 16 37 78 242 16 67 
Pet. Sew ace uela mese d m 49 129 B4 273 111 260 
/; A 32 T 68 125 16 36 
Taiwan aon e asta ee Bae eee Ss oe HM 8 42 zc MS 
Ji 8 iz Nd 6 19 z P 
United Kingdom 182 1780 190 1,515 147 1,009 
CTT 1,071 2719 1.015 4,865 966 3,197 

Wrought: | 
um-Luxembourg ----------------- ER E -5 ete NI 6 
4242/24 0 A — m (*) zu ae 
Franæœ or re ea ai oa ig iud Se os "3 Se Res RS 19 90 
Germany, Federal Republic ooo (3) 1 WI 1 (è?) 3 
Hong Kong (*) s MK oer A 
Japan WEE 1 11 2 40 3 60 
United Kingdooonn 2... 1 t iM 3 124 
Toll on y esi 2 76 7 212 2⁵ 283 
Lees than 1/2 unit. 
ta may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 11.—U.S. import duties for indium 
Item TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1985 dan. 1, 1987 Jan. 1, 1985 


ce ep mm ew o c wm ꝙ wm we we 
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World production remained about the 
same as that of 1984. Major world refiners 
included Cominco in Canada, MHO in Bel- 


Rhenium was processed by two domestic 
firms in 1985. Consumption of rhenium 
increased an estimated 27% over that of 
1984 to 13,000 pounds. Imports increased 
from 6,716 pounds (revised) in 1984 to 8,268 
pounds in 1985. The major use continued to 
be bimetallic platinum-rhenium catalysts to 
produce low-lead and lead-free gasoline. The 
price of rhenium was level throughout the 
year, at $300 per pound for the metal and 


$200 per pound for ammonium perrhenate. 

Domestic Data Coverage. Domestic 
mine production data for byproduct rhe 
nium are developed by the Bureau of Mines 
from a single voluntary survey of US. 
porphyry-copper-molybdenum operations. 
Of the 18 operations to which a survey 
request was made, all responded, represent- 
ing 10096 of the total production shown in 
table 12. 


Table 12.—Salient U.S. rhenium statistics 


(Pounds of contained rhenium) 
1981 1982 1983 1984 1985 

Mine production! `... 15,800 11,200 8,100 8,600 10,500 
Recover w w Ww Ww * 
Consumption? `. ___-------------- 6,600 5,900 8,800 10,200 18,000 
Imports (motal )))) 580 176 623 1,962 4,943 
Imports for consumption of ammonium 

perrhenate -__----------------- 9,089 5,198 5,947 74,154 335 
Stocks, Dec. 31 ee w w wW Ww 


"Revised. W Withheld to avoid disclosing company proprietary data. 


‘Calculated rhenium contained in MoS; concentrates. 
in prior years, this was shown as mine production. 


Rhenium is contained in molybdenite 
(MoB,) concentrates, which are produced as 
& byproduct of porphyry copper ores from 
seven mines in the Southwestern United 
States. Mine production in table 12 was 
calculated to be the rhenium content of 
MoS, concentrates. 

Duval Corp. was the only domestic pro- 
ducer to recover rhenium in 1985. 


CONSUMPTION AND USES 


Domestic consumption of rhenium in- 
creased an estimated 27% over that of 1984 
to 18,000 pounds. The increase in consump- 
tion was due to the increase in the manu- 
facturing of catalysts for the petroleum 
industry. Platinum-rhenium bimetallic re- 
forming catalysts are used by the petroleum 
industry to produce low-lead and lead-free 
high-octane gasoline. These catalysts com- 
pete with monometallic platinum catalysts 
and with other bimetallic catalysts that are 
used in the reforming process. Although the 
rhenium content ranges from 0.25% to 0.9% 


by weight, the majority of these catalysts 
contain 0.396 rhenium and 0.3% platinum, 
using alumina as the support medium. 

Of the three basic types of bimetallic 
reforming catalysts, the semiregenerative 
type accounted for about 60% of the total 


‘reforming capacity in 1985. This type of 


catalyst requires process shutdown for re- 
generation at specified intervals. Cyclic and 
other types (nonregenerative, continuous, 
and moving-bed systems) accounted for 10% 
and 9%, respectively, of the total reforming 
capacity. An estimated 80% of the total 
reforming capacity employed platinum 
rhenium catalysts. Other applications of 
reforming platinum-rhenium catalysts in- 
cluded the production of benzene, toluene, 
and xylenes. 

About 10% of the total consumption of 
rhenium was used in the form of powder or 
alloys. The major portion of rhenium used 
in these forms was contained in tungsten- 


‘rhenium and molybdenum-rhenium alloys. 


When alloyed with other metals, rhenium 
improves their mechanical and electrical 
properties, acid and heat resistance, wear 
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and corrosion resistance, and durability. 
Rhenium was used in manufacturing ther- 
mocouples, ionization gauges, electron tubes 
and targets, metallic coatings, semiconduc- 
tors, heating elements, high-temperature 
nickel-based alloys, vacuum tubes, mass 
spectrographs, and electromagnets. 


The price of rhenium remained level 
during the year. The price of ammonium 
perrhenate was $200 per pound, and the 
average price of rhenium metal was about 
$300 per pound. 


tent. This represented a 30% decrease from 
that of 1984. The value of ammonium 
perrhenate imports was about $0.7 million. 
About 88% of the imports of ammonium 
perrhenate originated from Chile and 12% 
from the Federal Republic of Germany. 
Imports of rhenium metal totaled 4,943 
pounds, which represented a 152% increase 
over that of 1984. The value of these im- 
ports totaled $1.2 million. 


Table 13.—U.S. import duties for rhenium materials 


its TSUS Most favored nation (MFN) Non-MFN 
m 

No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Unwrought metal 628.9000 4.0% ad valorem 3.7% ad valorem 25% ad valorem. 
Wrought metall 628.9500 6.4% ad valorem 5.5% ad valorem 45% ad valorem. 
Ammonium perrhenate |... ... 417.4420 3.3% ad valorem 3.1% ad valorem 25% ad valorem. 
Perrhenicacid |... 2... 416.4540 4.7% ad valorem 4.2% ad valorem 25% ad valorem. 


Table 14.—U.S. imports for consumption of ammonium perrhenate, by country 


(Rhenium content) 
1983 1984 1985 
Country Quantity Value Quantity” Value Quantity Value 
(pounds) (thousands) (pounds) (thousands) (pounds) (thousands) 
iii 88 4.057 $712 3,379 $740 2,918 $611 
Germany, Federal Republic of _ _ _ _ 1,890 419 564 131 407 58 
Eelere SC aes 811 181 SE E 
KT EE §,947 1,131 4,154 1,052 3,325 669 
"Revised 
Source: Bureau of the Census. 
Table 15.—U.S. imports for consumption of rhenium metal, by country ` 
1983 1984 1985 
Country Gross Gross Gross 
weight Value weight Value weight Value 
(pounds) (pounds) (pounds) 
Chile us ee mc dei Se 22 ate 3,300 $825,000 
Frane 2 2 $920 2 €— 
Germany, Federal Republic of... — 618 $174,000 1,836 423,032 1,424 331.662 
Italy cuu eeu 6 s Ge 100 500 a Ph esd 
United Kingdom ___________ p e 2 417 193 54,065 
Oiherto- ls enm 8 10 6,000 22 5,590 26 8,378 
S/ 623 180.000 1.962 449.459 4.943 1,225,105 


Includes Haiti, Sweden, and Switzerland. 


Source: Bureau of the Census. 
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WORLD REVIEW 


World production of rhenium was esti- 
mated to be 30,000 pounds, exclusive of U.S. 
production. Rhenium was recovered from 
byproduct MoS, concentrates from porphy- 
ry copper deposits in Canada, Chile, Iran, 
Peru, the U.S.S.R., and the United States. 
In addition, the U.S.S.R. also recovered 
rhenium as a byproduct from the Dzhezkaz- 
gan sedimentary copper deposit in Kazakh- 
stan. Rhenium metal and compounds were 
recovered from molybdenum concentrates 
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in Chile, France, the Federal Republic of 
Germany, Sweden, the U.S.S.R., the United 
Kingdom, and the United States. 

Canada.—The Island Copper Mine in 
British Columbia continued to be the sole 
producer of rhenium in Canada. MoS, con- 
centrates, which contained approximately 
7,700 pounds of rhenium, were exported. 

Chile.—Chilean recovery of rhenium was 
estimated at 8,700 pounds, the largest 
amount produced by a market economy 
country. 


SCANDIUM* 


Domestic production and consumption of 
scandium were estimated to be higher than 
in 1984. Increased demand for scandium 
used in laser applications was reportedly 
responsible for the higher levels of produc- 
tion. Special-use light bulbs and high- 
energy laser crystals continued to be the 
major markets for scandium. Scandium was 
obtained as a byproduct from processing 
mine tailings at three domestic locations in 
the Western United States. The principal 
mine source closed its operations in August 
1985. 

Domestic Data Coverage.—Domestic pro- 
duction data for scandium are estimated by 
the Bureau of Mines based on discussions 
with domestic producers and processors. 


Three mines provided scandium concen- 
trates for refining during the year. Concen- 
trates were obtained as a byproduct of 

processing copper tailings for uranium by 
Westinghouse Electric Corp., Bingham Can- 
yon, UT. Westinghouse closed its Bingham 
Canyon, UT, operations in August as a 
result of weak prices for uranium. Report- 
edly, Westinghouse was attempting to lo- 
cate a purchaser for its uranium-scandium 
extraction plant. Scandium was also recov- 
erod as a byproduct of processing residual 
fluorite screenings for the scandium miner- 
al thortveitite, previously mined at Crystal 
Mountain, MT, and from byproduct scan- 
dium-bearing tungsten concentrates deriv- 
ed from processing molybdenum ores at the 
Climax Mine, Climax, CO. 

Refined scandium products were pro- 
duced by Baldwin Metal Processing Co., 
Phoenix, AZ; Boulder Scientific Co., Mead, 
CO; Research Chemicals Div. of NUCOR 
Corp., Phoenix, AZ; and Sausville Chemical 
Co. Inc., Garfield, NJ. 


CONSUMPTION AND USES 


The apparent consumption of scandium 
in 1985 was estimated at 150 kilograms of 
equivalent scandium oxide. The major end 
use was in high-energy laser crystals 
of gadolinium-scandium-gallium garnets 
(GSGG) doped with chromium and neodym- 
ium; scandium accounts for up to 30% by 
weight of the crystal. The GSGG lasing 
medium is reportedly twice as efficient as 
yttrium-aluminum garnets with neodym- 
ium (Nd:YAG). Laser applications for 
GSGG are in communications and fusion 
research. 

Scandium is used in high-intensity mer- 
cury vapor lights to produce a highly effi- 
cient, near-sunlight color emission that is 
important for indoor and nighttime color 
television transmission. Approximately 3 to 
5 milligrams of scandium are added per 
bulb. 

The radioactive isotope scandium-46 was 
used as a tracing agent in petroleum crack- 
ing refineries, in crude oil reservoirs during 
secondary recovery, and in oil wells after 
cementing and fracturing. 

Small amounts of scandium metal] were 
reportedly used in semiconductors, while 
minor amounts of the compound found use 
in petroleum catalyst reactions. 

Additions of scandium carbide to tita- 
nium carbide reportedly create a binary 
carbide with a hardness close to that of 
diamond. 


No published prices were available for 
scandium. The yearend nominal prices, 
compiled by the Bureau of Mines based on 
information from several suppliers, for 
scandium oxide per kilogram were as fol 
lows: 95% purity, $6,800; 98% purity, 
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$7,400; 99.0% purity, $8,000; 99.9% purity, 
$9,000; 99.99% purity, $15,000; and 99.999% 
purity, $25,000. Scandium metal prices var- 
ied considerably depending on purity and 
amount. 


No trade data were available for scan- 
dium on an individual basis. Foreign coun- 
tries reportedly producing scandium in- 
clude China, France, and the U.S.S.R. The 
U.S.S.R. has historically been a major 
source of imported high-purity scandium 
oxide. 


TECHNOLOGY 


Researchers at NV Philips Corp., Eindho- 
ven, Netherlands, developed a dual-anode 
tube using scandium and molybdenum or 
scandium and tungsten for improved detec- 
tion of elements in X-ray fluorescence 
spectrometry. The anode is in the form of a 
thin layer of the light-element material 
scandium, deposited on a heavy-element 
base, molybdenum or tungsten. The new 
tube allows lower voltage excitation of X- 
rays from the scandium surface layer, while 
higher energy excitation penetrates to the 
underlying heavy-element material before 
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radiating. Scandium is used because its 
excitation efficiency in detection of light 
elements up to titanium is twice that of the 
commonly used chromium tube.” 

A sodium-scandium-phosphate com- 
pound, known as foskan, named from the 
three Russian words for the elements, is 
being studied in the U.S.S.R. The binary 
phosphate and its analogs exhibit several 
interesting properties, including a high fu- 
sion temperature, ferroelectricity, and high 
ion conductivity. Research showed that the 
high ion conductivity can be applied in 
sodium-sulfur storage batteries where sodi- 
um and sulfur are molten electrodes and 
the scandium-bearing binary phosphate 
functions as a thin ceramic membrane elec- 
trolyte. Foskan’s three-dimensional open 
structure allows the small sodium cations to 
travel freely through the voids formed by 
interconnected omnidirectional conductiv- 
ity channels. At temperatures above 166° C, 
the sodium cations flow freely creating a 
super ion exchanger electrolyte for use in 
the sodium-sulfur batteries. Battery energy 
capacities using this system are reportedly 
an order of magnitude higher than lead 
storage batteries.” 


SELENIUM?’ 


One of the four U.S. copper refineries 
with capacity for production of byproduct 
selenium did not produce any of the metal 
in 1985, and another discontinued its oper- 
ations in the third quarter; therefore, do- 
mestic production decreased significantly. 
Consumption also declined and net imports 
fell slightly, while producers’ stocks in- 
creased substantially. 


Domestic Data Coverage.—-Domestic da- 
ta for selenium are developed by the Bureau 
of Mines from a voluntary survey of U.S. 
operations. The three domestic refiners of 
selenium responded to a survey of their 
stocks, primary refined production, and 
shipments of selenium to consumers. Data 
are withheld to avoid disclosing company 
proprietary data. 


Table 16.—Salient selenium statistics 
(Kilograms of contained selenium unless otherwise specified) 


1981 


United States: 
Production, primary refindd 251,949 
Shipments to consumers 207.854 
Exports, metal, waste and scrap- -- 60,523 
Imports for consumption 311,566 
Apparent consumption 458,898 
Stocks, yearend, producer! |... 292,558 
Dealers price, average per pound, 
commercial grades 34.38 
World: Refinery production 71.285.238 


1982 1983 1984 1985 
242.996 353.860 P253,598 W 
307,610 314,030 224,401 Ww 
117,267 93,368 122,929 154,122 
347.329 297.029 376.946 400,658 
537,672 577,691 478,418 wW 
254,210 152,790 139,159 wW 
$3.53 $3.87 $9.02  $6.00-$10.25 
71,132,495 1,325,031 91.350,702 1, 122.835 


*Estimated. preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 
!Granular selenium, a semirefined form of selenium, is included in stocks. 


Metals Week. 
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DOMESTIC PRODUCTION 


Most primary selenium was recovered 
from anode slimes generated in the electro- 
lytic refining of copper. Selenium also was 
believed to have been recovered from lead 
slimes and nonferrous flue dusts. 

Primary selenium was recovered from 
both domestic and imported materials at 
three U.S. copper refineries: Asarco at Am- 
arillo, TX; Kennecott at Magna, UT; and 
Phelps Dodge Refining Corp. at El Paso, TX. 
Production at the Kennecott refinery was 
discontinued during the year owing to the 
cessation of copper mining in Utah. Sele- 
nium-bearing copper slimes from other do- 
mestic copper refiners were either shipped 
to the above refineries or exported for 
processing. 

High-purity selenium metal and various 
selenium compounds were produced from 
commercial-grade metal by the three copper 
refineries and other processors. 

‘Scrap xerographic materials containing 
selenium were exported to Canada and the 
United Kingdom for processing to recover 
selenium. 


CONSUMPTION AND USES 


Apparent consumption of refined seleni- 
um decreased from the 1984 level in all 
major end uses. Estimated consumption of 
selenium by end-use category was electronic 
and photocopier components, 35%; glass 
manufacturing, 30%; pigment and chemi- 
cals, 25%; and other, including metallurgy 
and agriculture, 10%. 

The major electronic use of selenium was 
as a photoreceptor in plain paper electro- 
photographic copiers. 

The U.S. automobile and construction 
industries contributed to a strong demand 
for selenium-containing pigments. The pig- 
ments, which range in color from light 
orange to maroon, depending on the seleni- 
um content, have good heat stability and 
are important colorants for plastics, glass, 
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and ceramics. The primary use of selenium 
in the glass industry in 1985 was in contain- 
er glass, where it was used to decolor the 
yellow-green tint imparted by ferrous ions. 
Also, selenium was used in architectural 
plate glass, where it was used in combines 
tion with cobalt oxide and iron oxide to 
reduce solar heat transmission. 


Standard commercial-grade selenium av- 
eraging 99.5% selenium was sold as powder, 
available in several mesh aizes or as small 
lumps or shot. High-purity selenium con- 
taining 99.99% selenium or better was 
marketed as pellets or sticks. Specifications 
for pigment-grade selenium powder gener- 
ally required a selenium content of 99.8%. 
Other forms of selenium available included 
selenium dioxide, ferroselenium, sodium 
selenite, and sodium selenate. 

The New York dealer price for commer- 
cial-grade selenium, quoted by Metals Week 
on a daily basis, ranged from $6.00 to $10.25 
per pound. | 


FOREIGN TRADE 


Exports increased to a record-high level of 
154,122 kilograms. In 1985, the United 
Kingdom was the recipient of about one 
third of the exported selenium materials, 
primarily scrap. Exports to Mexico and the 
Philippines accounted for most of the in- 
creased exports. 

Imports of selenium were the highes 
since the peak year of 1975, when 403,000 
kilograms of selenium was imported. Cana- 
da continued to be the largeet supplier of 
imported selenium metal. Belgium-Lur- 
embourg, Japan, and the United Kingdom 
were the other major import sources. Ap- 
proximately 75,000 kilograms of the import- 
ed refined selenium, primarily from the 
United Kingdom, was recovered from scrap 
that had been exported from the United 


States for processing. 
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Table 17.—U.S. exports of selenium metal, waste and scrap, by country 


1988 1984 1985 
tity tity tity 

= allem we VEH we ae, ve 

selenium) selenium) selenium) 
Argentinas Sait, za 1,089 $10,200 1,179 $22,750 
Redde c AE 1311 24649 22 sii M A ar 

um-Luxembourg - - - -------- d ER 
EE d 254 8,100 650 10,400 

JJ ĩͤ ELEC EK METTUS 1,448 23,146 2,462 * 2,201 
idee, ee ees d Ve 5,517 24,313 ^ us 

JJ ee REM aE DENS 250 2,168 7,831 894 
gt OPES Mor IDOL ee NES PS io 1,758 38,173 318 5,075 
Germany, Federal Republic of Vert 17,600 18,769 139,418 1% rir 

Ireland- -L LILI II LIL 8,375 24.555 See Ss Ss We 

Italy ne ee 888 EE TM NE 1,456 39,015 
Jamai ea 100 1.488 91 8,000 AA A 

Japan 22 ] So eta 10,048 5,287 27,255 186,992 $6,951 
Korea, Republic bo = — e. " 800 
/ o˙·- ee Se 9,979 97,010 1,799 28,750 9,265 808.481 

Netherlands `... A 8,052 64,368 6,822 82,744 7,711 
Norway -----2-.--- aes Tes es es 6,160 
Pnilippine2s 292 6,458 nr HE 18,144 42,000 
SDN B 635 4,810 E S2 91 1,950 
JJ 1,996 15,400 1,983 71,060 4,990 75.350 
Thailand 3 nee 499 11,000 Ge GES 
United Kingdom 46,334 993,801 45,80 739,450 61,096 $16,171 
Total! `- miis 98,368 771,131 122,929 1,586,565 154,122 1,490,748 

‘Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 


Table 18.—U.S. imports for consumption of selenium, by class and country 


1988 1984 1985 
. — tity Quantity 
Claas coun ( lograms 
SES of Value of Value of Value 
contained contained contained 
selenium) selenium) selenium) 
Unwrought and waste and scrap: 
Belgium-Luxembourg _ __ _ _ _- 34,648 $930,511 47,488 $1,084,424 69,958 $1,572,220 
ie AHS hin ect oe 1,679, 130,317 f 111927 2,252,499 
Chile ..........--.--- Ss Es 64,015 7,500 58,902 
Democratic mo EM m Se 45 14,748 
Germany, Federal of .. 20,901 $13,953 23.364 402,088 5,550 
JOON ------------- 54.651 1,840,519 46,074 1.904. 155 72.609 2. 
Netherlands Es 2,155 64,610 30,851 
Fru 8,941 66,313 2.994 
Philippines AM n 5,000 59,525 16,748 242,141 
)) 853 21,096 1,082 $,150 
Taiwan... .....-------- 1,100 FUN B 
United Kingdom 3 997,809 80,844 964,306 66,484 910,947 
Total 271.064 6.423.259 943,361 7.388.049 $59,505 7.407, 160 
ei 35 
Germany, Federal Republic of _ — 4431 .285 5,598 121,704 6,916 164411 
FCC 142 10,514 71 4 22 ee 
United Kingdom .......... ius "E 29 1,586 Ges EE? 
Total 4.579 19,799 5,788 128,319 6,916 164,471 
Selenium salts: 
Beigium-Luxembourg ....... E "E asm 567 29,899 
C ae DS 6,399 6,397 zs e 
Morea Republicof - IILI 5,168 8,524 4,429 6,197 4841 4.962 
United Kingdom 150 8,560 193 6,821 1,000 114,958 
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Table 18.—U.8. imports for consumption of selenium, by class and country —Continued 


1983 1984 1985 
tity Quantity Quantity 
( (ki ( 
ä — Value i n Value M ami Value 
contained contained contained 
selenium) selenium) seleni 
Sodium selenite: 
nada 841 794 $17,223 $2,090 
Germany, Federal Republic of _ . 10,080 251,351 1,154 28,145 3,013 90,091 
Japan- --------------- Se es 29,592 1, 29.515 
JJ ͤ RES 25 8 1.150 20,939 nS ep 
JJC NONE 230 4,128 = 
United Kingdom 8,801 71,915 9,968 249,974 13,835 832,55] 
CC ( 14,962 376,254 18,182 846,473 17,948 444,901 
Other selenium compounds: 
„3 ĩ ᷣ Ä 2s Js — Er 1,105 3,394 
Germany, Federal Republic of . . MS 13 1,548 
uer y SPEO 25 1.785 2,574 133,671 1,588 81.539 
Netherlands Sa ES 42 482 X me 
35362?! 8 en 170 2,107 123 1.398 
United Kingdom 418 18,208 800 83,400 1,037 44.072 
C 508 19,943 8,599 171,208 3,875 131,866 
Grand total 291,029 5,921,925 376,946 8,053,864 400,658 8,351,564 


Source: Bureau of the Census; figures adjusted by Bureau of Mines. 


Table 19.—U.8. import duties for selenium 
TSUS Most favored nation (MFN) Non-MFN 


oe No. Jan. 1,1985 Jan. I. 1887 Jan 1, 188 
DT Mc MEN eat h a ae as aes 632.40 Free Free 
Selenium dioxide and sait „ 420.50, FFP Do. 
Sodium selenite and other selenium compounds - . _ _ _ - 421.625, 4.0% ad 3.7% ad 25% ad 
420.54 valorem. 
WORLD REVIEW and was slightly higher than the estimated 
world demand of about 1,100 tons. 


Estimated world refinery production of 
selenium was about the same as that of 1984 
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Table 20.—Selenium: World refinery production, by country! 
(Kilograms of contained selenium) 


Country? 1981 1982 1983 1984” 1985° 

Belgium" EEN 60,000 60,000 60,000 60,000 60,000 
Canada” . .- e 350,010 1222, 000 266,000 T *354,000 850,000 
Chili. RE Lem ee eee eee 33,665 23,011 43,869 25,450 25, 
Finland 2 oc 2 ee Lea dc deae ad 719,422 10.020 11.172 16.975 17.000 
Indis- a ˙⁰Ü¹wAu-j ⁰⁰T eS M 4.104 5.351 3,684 *4,000 4,000 
DOORN 1l nno uae o LE MU EE 428,081 410,490 433,122 464,524 *496,835 
M ²⁰·˙⸗ààAĩ AAA Rem 12.000 29.000 24.000 44.000 40,000 
Pérü ceno ͤ⁰ͤͥ˙ͥ A 8 22.478 20,851 19,553 20,800 22,000 
Swedent eege ee e oe 444,000 44,000 44,000 45,000 45,000 
United States... s 251,949 242,996 860 253,598 W 
Yugoslavia ~- ---------------------- 35,600 42,323 43,720 *45,000 46,000 
r Lares addas 23,929 22,453 22,051 17,355 17,000 

KREE 1,285,238 71,132,495 1,325,031 1,350,702 1,122,835 


5 preliminary. Revised. W Withheld to avoid disclosing company proprietary data; not included in 


‘Insofar as possible, data relate to refinery output only; thus, countries that produced selenium contained in 
ores, copper concentrates, blister copper, and/or refinery residues, but did not recover refined selenium from these 
materials indigenously, were excluded to avoid double counting. Table includes data available through June 10, 1986. 

zin addition to the countries listed, Australia, the Federal Republic of Germany, and the U.S.S.R. produced refined 
selenium, but output is not reported, and available information is inadequate for formulation of reliable estimates of 
output levels. Australia is known to produce selenium in intermediate metallurgical products and has facilities to 
produce elemental selenium. In addition to having Oe for processing imported anode slimes for the recovery of 
selenium and precious metals, the United Kingdom facilities for processing selenium scrap. 

Refinery output from all sources, including imported materials and secondary sources. 

“Reported figure. 

Pata for fiscal year ending Mar. 31. In addition to refined selenium produced, Zambia exported significant quantities 
of selenium contained in anode slimes. 


TELLURIUM** 


Domestic Data Coverage.—Domestic tel- 
lurium refinery production data were ob- 


Domestic consumption, imports, and pro- 
duction decreased from the 1984 levels. 


Decreased consumption resulted in a slight 
decrease in prices. Estimated world refinery 
production was essentially the same as the 


tained from the only domestic producer on a 
voluntary survey form. Data are withheld 
to avoid disclosing company proprietary 


1984 level. data. 


Table 21.—Salient U.S. tellurium statistics' 
(Kilograms of contained tellurium unless otherwise specified) 


1981 1982 1983 1984 1985 

Refinery production- - - --- -------------------- W W W W W 
Shipments to consumers W W W W W 
Imports for consumption -—d LLL LL 2L LL lll 37,953 16.602 11,829 35,383 30.050 
Apparent consumption - ~ -- -- ----------~-----—- 85,202 45,978 56,639 107,311 W 
Stocks, yearend, produſehkõ W W W 
Producers price, per pound, yearend, commercial grade $14.00 $10.00 $9.00 $11.00-$11.50 $10.00 

TRevised. W Withheld to avoid disclosing company proprietary data. 

1 World refinery production for selected countries is given in table 24. 

DOMESTIC PRODUCTION CONSUMPTION AND USES 


Commercial-grade tellurium was recov- 
ered by Asarco, at Amarillo, TX, from 
copper anode slimes, a byproduct of electro- 
lytic copper refining. 

High-purity tellurium, tellurium master 
alloys, and tellurium compounds were pro- 
duced by primary and intermediate proces- 
sors from commercial-grade metal and tel- 
lurium dioxide. 


Estimated consumption of tellurium by 
end use was iron and steel products, 6096; 
nonferrous metal, 2596; chemicals, includ- 
ing rubber manufacturing, 10%; and other, 
including xerographic and electronic appli- 
cations, 5%. 


machining steels and free-machining copper 
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alloys. The addition of up to 0.1% tellurium 
improves the machinability of steels; the 
addition of tellurium to copper alloys im- 
proves their corrosion resistance as well as 
their machinability. 

Tellurium catalysts are used chiefly for 
the oxidation of a number of organic com- 
pounds, and to a lesser extent, for the 
hydrogenation of oils, and in chlorination 
and dehydrochlorination processes. Tellu- 
ride salts can be used as an antioxidant in 
counteracting the formation of sludge in 
lubricating oils. Other tellurium compounds 
are used in germicides and fungicides and 
in the treatment of dermatitis. Tellurium 
has use as a glass former in combination 
with other metal oxides, as a color additive 
in metal-finishing operations, and in time- 
delay explosive detonators. Photocon- 
ductive mercury-cadmium-tellurium is the 
most widely used infrared sensing material 
for thermal imaging devices used in applica- 
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tions such as night vision and navigation 
systems. Such applications require detector- 
grade (99.99999%-pure) tellurium. 


With decreased consumption, prices for 
commercial-grade tellurium decreased 
slightly from the 1984 level. The price for 
commercial-grade tellurium quoted by 
Asarco was $10.00 per pound at yearend 
Commercial grades of tellurium metal, con- 
taining a minimum of 99% or 99.5% tellu- 
rium, are marketed as minus 200-mesh 
powder, l-pound ingots, or 5-pound slabe. 
Tellurium dioxide is sold as powder ranging 
from minus 40-mesh to minus 200-mesh and 
containing a minimum of 75% tellurium. 


Data on tellurium exports are not avail- 
able. Canada was the major import source 
in 1985, accounting for 45% of total imports. 


Table 22.—U.S. imports for consumption of tellurium, by class and country 


1983 1984 1985 
Quantity ntity Quantity 
Class and country (kilograms of (kilograms of (kilograms of 
contained Value contained Value contained Value 
tellurium) tellurium) tellurium) 
Unwrought and waste and scrap: 
Belgium- Luxembourg 992 $17,870 4.008 $68,764 5 $5,818 
JJ. Nu Ue 9,461 ,080 20,382 369.745 13,458 453 923 
Germany, Federal Republic off 2 343 1,019 17,361 5 1,404 
/ T 95 5.574 1.825 103.338 499 2. w3 
Netherlands Ge en 1,300 23,884 500 9553 
Peri e nuni esee es c TN a 963 18,963 
U Re eat et ea OUR EET 9 10,500 T 8 E Sei 
United Kingdoem 1,001 27,419 5,892 105,026 4.999 107 398 
Total m AA ERMNSZLER 11,560 601,786 34,421 688,124 20.429 6256. 30$ 
Compounds: 
Belgium Luxembourg s E 724 21,112 726 15.381 
m ES Mt EC 215 5,533 200 5,153 73 1.204 
Germany, Federal Republic of 4 1,378 23 3,408 51 3,388 
r WI 887 s A 82 10,930 
Philip ines oo uon densum = ne ore 2 Ges 1316 202.48 
United Kingdom 50 12,064 14 6,572 17 5.536 
yr. joe NERONE 269 19,862 961 36,845 8,325 29.573 
Salts: 
Germany, Federal Republic of oes Bä 1 270 d "T 
Netherlands `... Eu = ae T 1.296 5,410 
Totals eo ee Lus oe = 1 270 1,296 5.410 
Grand total 11.829 621.648 135,388 725,239 90.050 — 871291 
"Revised. 
!Less than 1/2 unit. 


Source: Bureau of the Census. 
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Table 23.—U.S. import duties for tellurium 


ic TSUS Most favored nation (MEN) Non-MFN 
gr No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Tellurium metall 632.48 1.5% ad valorem _ Free 2.5% ad valorem. 
EN compounds and 421.90, 427.12 4.2% ad valorem _ 3.7% ad valorem _ Do. 
salts. 
WORLD REVIEW rium outside of the United States remained 


about the same as 1984 levels at 100 tons. 
Estimated refinery production of tellu- 


Table 24.—Tellurium: World refinery production, by country' 
(Kilograms of contained tellurium) 


Country? 1981 1982 1983 1984P 1985° 
Canada®?__________________________ 21,297 718,000 16,000 T 621.000 20,000 
II)) eee oe EE E *220 (5 (5) (5) PH 
%%% ů h . ͤ 5 eee ee ees 61.700 62,800 54,800 64,500 63,000 
Per Ze, ⅛ vy y 8 21.310 20,726 15,116 14,094 15,500 
United States W W W W W 


Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 

‘Insofar as possible, data relate to refinery output only; thus, countries that produced tellurium contained in copper 
ores, copper concentrates, blister copper, and/or refinery residues, but did not recover refined tellurium, are excluded to 
avoid double counting. Table is not totaled because of the exclusion of data from major world producers, notably the 
U.S.S.R. and the United States. Table includes data available through June 10, 1986. 

zn addition to the countries listed, Australia, Belgium, the Federal Republic of Germany, and the U.S.S.R. are known 


to produce refined tellurium, but output is not reported, and available information is inadequate for formulation of 
reliable estimates of output levels. Moreover, the other major copper-refinibg nations such as Chile and Zambia may 
produce refined tellurium, but output in these nations is conjectural. 

Refinery output from all sources, including imports and secondary sources. 


*Pilot plant production. 
Revised to zero. 


THALLIUM?* 


Although thallium was contained in ores 
mined in the United States, it was not 
recovered domestically as a marketable 
product in 1985. In other countries, thal- 
lium was recovered as a byproduct from flue 
dusts and residues collected in the smelting 
of copper, zinc, and lead ores. Domestic 
requirements for thallium were met by 
imports and withdrawals from stocks. 

Legislation and Government  Pro- 
grams.—Thallium was considered to be a 
toxic material and was controlled to pre- 
vent a threat to the environment or labor 
force. In 1985, the EPA issued interim 
guidelines to assist local communities in 
establishing programs to respond to acci- 
dental releases of acutely toxic chemicals. 
Six thallium compounds were among the 
402 chemicals identified as acutely hazard- 
ous. A chemical profile outlining the chemi- 
cal and physical properties, health hazards, 
and precautions for safe handling and use 
was provided for each chemical listed.“ 


CONSUMPTION AND USES 


Based on import data, the domestic con- 
sumption of thallium was estimated to be 
2,200 pounds in 1985. The uses of thallium 
included gamma radiation detection equip- - 
ment, additives for changing the refractive 
index and density of glass, low-temperature 
mercury-thallium alloy switches, high- 
density liquids, alloys, photosensitive de- 
vices, and radioactive isotopes for cardiovas- 
cular diagnostic procedures. The largest 
single use in the rest of the world continued 
to be as an ingredient in rodenticides; how- 
ever, this use has been banned in the Unit- 
ed States. 


Metal traders reported that the price of 
imported thallium metal, 99% pure, was 
$20 per pound. 
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Table 25.—U.S. imports for consumption of thallium in 1985, by country 


Unwrought and waste 
Compounds and scrap 
Country Gross Gross 
weight Content’ ` value weight Value 
(pounds) pou (pounds) 
Belgium- Luxembourg 946 757 319.698 440 $6.530 
Sans“, eo ee 56 45 1,700 2 1,034 
a EE 771 617 14,419 et 3 
Germany, Federal Republic o Zar Pn Ee 220 3,583 
United Kingdom... 222222222 2 TUE SCH 220 3,098 
Total c c e o Shee ee ee ro tee 1,778 1,419 $5,817 882 14,245 
1Estimated by the Bureau of Mines. 
Source: Bureau of the Census. 
Table 26.—U.S. import duties for thallium 
RS TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Unwrought metal... .....- 632.50 1.3% ad valorem . Free 25% ad valorem. 
Compounds 422.00 4.0% ad valorem . 3.7% ad valorem . 
WORLD REVIEW Agency. Nonferrous Metal Manufacturing Point Source 


World production data for thallium were 
not available. However, Western European 
companies were thought to be the largest 
producers of thallium in 1985. World re- 
serves of thallium contained in zinc ores 
were estimated to be 830,000 pounds of 
thallium. 
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